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EUTRA/LTE/loT Welcome to the EUTRA/LTE/loT options

Key features

1 Welcome to the EUTRA/LTE/loT options

The R&S SMW-K55/-K69/-K81/-K84/-K85/-K112/-K113/-K115/-K119/-K143/-K145/-
K175 are firmware applications that add functionality to generate signals in accordance
with the 3GPP standard EUTRA/LTE.

In the following, the terms LTE and EUTRA are used interchangeably.

1.1 Key features

Preamble

All supported LTE features are in line with 3GPP Release 14; the following official
3GPP specifications are implemented:

e 3GPP TS 36.211, version 15.6.0

® 3GPP TS 36.212, version 15.6.1

® 3GPP TS 36.213, version 15.6.0

The R&S SMW-K55/-K69/-K81/-K84/-K85/-K112/-K113/-K119 key features

The R&S SMW simulates EUTRA/LTE at the physical channel level. The following list
gives an overview of the functions provided for generating an EUTRA/LTE signal:

® Supports FDD and TDD

® Intuitive user interface with graphical display of time plan

® Full support of P-SYNC, S-SYNC and DL reference signal derived from cell ID

e PBCH, PDSCH, (E)PDCCH, PCFICH, PHICH supported

® Downlink 256QAM for PDSCH and PMCH

e PDCCH with full DCI configuration (all DCI formats supported), incl. DCI format 1C
for eIMTA-RNTI

® Channel coding and scrambling for PDSCH and PBCH (including MIB)

® Automatic PDSCH scheduling from DCI

® Automatic scheduling of downlink transmissions according to long HARQ patterns
® Full downlink MIMO and transmit diversity support

® Uplink MIMO support

® Supports PUSCH with channel coding and scrambling

® Configuration of all PRACH and PUCCH formats

® Fixed reference channels (FRC) in line with 3GPP TS 36.141

® Downlink test models (E-TMs) in line with 3GPP TS 36.141, incl. E-TMs for
256QAM

® Test case wizard

® Real-time processing of HARQ feedback commands and timing adjustment com-
mands for closed-loop base station tests
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Key features

® Simulation of single-layer, dual-layer and up to eight-layer beamforming scenarios
(transmission modes 7, 8 and 9) on antenna ports 5 and 7 to 14

® Support of MBMS single frequency network (MBSFN) subframes on antenna port 4
® Generation of positioning reference signals (PRS) on antenna port 6
® Access to intermediate results of the FEC chain for design cross-verification

® Generation of LTE-Advanced downlink and uplink carrier aggregation scenarios (up
to 5 carriers) with support for cross-carrier scheduling; incl. uplink carrier aggrega-
tion with mixed duplexing

® | TE-Advanced enhanced SC-FDMA with PUSCH/PUCCH synchronous transmis-
sion and clustered PUSCH

® Support of CSI reference signals
® Support of DL LAA bursts configuration
® Support of QAM256 in uplink

The R&S SMW-K115 key features
The R&S SMW simulates eMTC and NB-loT at the physical channel level. The follow-
ing is an overview of provided functions:

® Supports uplink eMTC and NB-loT configuration, and downlink NB-loT configura-
tion for CAT-M1 and CAT-NB1 devices

® Supports loT standalone configuration and mixed configuration with LTE

® Supports NB-IoT in-band and guard band operating modes

® |[ntuitive user interface with graphical display of time plan

® Support of coverage enhancement CE modes A and B and CE levels 0, 1 and 2

® Support of the new NB channels and synchronization signals (NPSS, NSSS and
DL reference signal derived from NCell ID)

e MPBCH, PDSCH, PBCH supported
® DCl-based configuration of NPDCCH and NPDSCH

® Channel coding and scrambling for NPDCCH, NPDSCH and NPBCH (including
SIB type 1)

® Supports NPUSCH with channel coding and scrambling
® NPRACH configuration
® Support of all specified modulation schemes

The R&S SMW-K143 key features
® 3GPP LTE Rel. 14 (eMTC and NB-loT)

Introduces eMTC widebands and new types CAT-M2 and CAT-NB2 devices.
The R&S SMW-K146 key features

® 3GPP LTE Rel. 15/16/17 (NB-IoT)
Introduces NB-IoT TDD mode in UL, FDD NPRACH formats, early data transmis-
sion, NB-loT wake up signal, scheduling request in uplink for NPUSCH F2, and
NPUSCH modulation up to 16QAM.
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Documentation overview

This user manual contains a description of the functionality that the application pro-
vides, including remote control operation.

All functions not discussed in this manual are the same as in the base unit and are
described in the R&S SMW user manual. The latest version is available at:

www.rohde-schwarz.com/manual/SMW200A

Installation

You can find detailed installation instructions in the delivery of the option or in the
R&S SMW service manual.

1.2 Accessing the EUTRA/LTE dialog

To open the dialog with EUTRA/LTE settings
» In the block diagram of the R&S SMW, select "Baseband > EUTRA/LTE".

A dialog box opens that display the provided general settings.

The signal generation is not started immediately. To start signal generation with the
default settings, select "State > On".

1.3 What's new

This manual describes firmware version FW 5.30.047.xx and later of the
R&S®SMW200A.

Compared to the previous version 5.20.043, the EUTRA/LTE/IoT firmware application
provides the following new features and changes:

® Support of 16QAM with NPUSCH for NB-loT, see "Modulation" on page 450
® Time-based trigger added, see "Time Based Trigger" on page 671

1.4 Documentation overview

This section provides an overview of the R&S SMW user documentation. Unless speci-
fied otherwise, you find the documents at:

www.rohde-schwarz.com/manual/smw200a
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Documentation overview

1.4.1 Getting started manual

Introduces the R&S SMW and describes how to set up and start working with the prod-
uct. Includes basic operations, typical measurement examples, and general informa-
tion, e.g. safety instructions, etc. A printed version is delivered with the instrument.

1.4.2 User manuals and help

Separate manuals for the base unit and the software options are provided for down-
load:

® Base unit manual
Contains the description of all instrument modes and functions. It also provides an
introduction to remote control, a complete description of the remote control com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.
e Software option manual
Contains the description of the specific functions of an option. Basic information on
operating the R&S SMW is not included.

The contents of the user manuals are available as help in the R&S SMW. The help
offers quick, context-sensitive access to the complete information for the base unit and
the software options.

All user manuals are also available for download or for immediate display on the Inter-
net.
1.4.3 Tutorials
The R&S SMW provides interactive examples and demonstrations on operating the
instrument in form of tutorials. A set of tutorials is available directly on the instrument.
1.4.4 Service manual

Describes the performance test for checking compliance with rated specifications, firm-
ware update, troubleshooting, adjustments, installing options and maintenance.

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS):

https://gloris.rohde-schwarz.com
1.4.5 Instrument security procedures

Deals with security issues when working with the R&S SMW in secure areas. It is avail-
able for download on the internet.
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Documentation overview

1.4.6 Printed safety instructions

Provides safety information in many languages. The printed document is delivered with
the product.

1.4.7 Data sheets and brochures
The data sheet contains the technical specifications of the R&S SMW. It also lists the
options and their order numbers and optional accessories.

The brochure provides an overview of the instrument and deals with the specific char-
acteristics.

See www.rohde-schwarz.com/brochure-datasheet/smw200a

1.4.8 Release notes and open source acknowledgment (OSA)
The release notes list new features, improvements and known issues of the current
firmware version, and describe the firmware installation.

The software makes use of several valuable open source software packages. An open-
source acknowledgment document provides verbatim license texts of the used open
source software.

See www.rohde-schwarz.com/firmware/smw200a

1.4.9 Application notes, application cards, white papers, etc.

These documents deal with special applications or background information on particu-
lar topics.

See www.rohde-schwarz.com/application/smw200a and www.rohde-schwarz.com/
manual/smw200a

1.4.10 Videos

Find various videos on Rohde & Schwarz products and test and measurement topics
on YouTube: https://www.youtube.com/@RohdeundSchwarz

O On the menu bar, search for your product to find related videos.

HOME VIDEOS SHORTS PLAYLISTS COMMUNITY CHANNELS ABOUT 'Q <product=

Figure 1-1: Product search on YouTube
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Notes on screenshots
1.5 Scope

Tasks (in manual or remote operation) that are also performed in the base unit in the
same way are not described here.

In particular, it includes:

® Managing settings and data lists, like saving and loading settings, creating and
accessing data lists, or accessing files in a particular directory.

® [nformation on regular trigger, marker and clock signals and filter settings, if appro-
priate.

® General instrument configuration, such as checking the system configuration, con-
figuring networks and remote operation

® Using the common status registers

For a description of such tasks, see the R&S SMW user manual.

1.6 Notes on screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as many as possible of the provided functions and
possible interdependencies between parameters. The shown values may not represent
realistic usage scenarios.

The screenshots usually show a fully equipped product, that is: with all options instal-
led. Thus, some functions shown in the screenshots may not be available in your par-
ticular product configuration.
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Required options

2 About the EUTRA/LTE options

For better understanding of the required configuration settings, this section lists:

® Some background information on basic terms and principles used in the
EUTRA/LTE technology

® Information on functions specific to the instrument

® Detailed information on the implementation of the realtime feedback functionality
for closed loop BS tests

2.1 Required options

The basic equipment layout for generating LTE signals includes the:
® Standard or wideband baseband generator (R&S SMW-B10/-B9)

® Baseband main module (R&S SMW-B13) or wideband baseband main module
(R&S SMW-B13XT)

® Frequency option (e.g. R&S SMW-B1003)

® Digital standard EUTRA/LTE release 8 (R&S SMW-K55)

The following options are required to support all LTE-related settings described in
this user manual:

® Standard or wideband baseband generator (R&S SMW-B10/-B9)

® Baseband main module, two 1/Q paths (R&S SMW-B13T) or wideband baseband
main module (R&S SMW-B13XT)

® Frequency option (e.g. R&S SMW-B1003)

® Frequency option (e.g. R&S SMW-B2003)

® Option LTE release 8 (R&S SMW-K55)

® Option LTE log file generation (R&S SMW-K81)

® Option LTE release 9 (R&S SMW-K84)

® Option LTE release 10 (R&S SMW-K85)

® Option LTE release 11 (R&S SMW-K112)

® Option LTE release 12 (R&S SMW-K113)

® QOption LTE release 13/14/15 (R&S SMW-K119)

® (O-RAN: U-plane generation (R&S SMW-K175)

® Option cellular IoT release 13 (R&S SMW-K115)

® Option cellular 10T release 14 (R&S SMW-K143)

® Option cellular 10T release 15/16/17 (R&S SMW-K146)

® Option LTE closed loop BS test (R&S SMW-K69)
(supported by standard and wideband baseband generators (R&S SMW-B10/-B9))

Further options are required to perform all test cases implemented in the "Test Case
Wizard", see Chapter 8.2, "Required options", on page 533.
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You can generate signals via play-back of waveform files at the signal generator. To
create the waveform file using R&S WinlQSIM2, you do not need a specific option.
To play back the waveform file at the signal generator, you have two options:

® |nstall the R&S WinlQSIM2 option of the digital standard, e.g. R&S SMW-K255 for
playing LTE waveforms

® |f supported, install the real-time option of the digital standard, e.g. R&S SMW-K55
for playing LTE waveforms

For more information, see data sheet.

2.2 Introduction to the EUTRA/LTE technology

This section provides an introduction to the EUTRA/LTE technology.

2.21 LTE downlink transmission scheme

The downlink transmission scheme for E-UTRA FDD and TDD modes is based on con-
ventional OFDM. In an OFDM system, the available spectrum is divided into multiple
subcarriers, which are orthogonal to each other. Each of the subcarriers is independ-
ently modulated by a low rate data stream.

The OFDM signal is generated using the inverse fast Fourier transform (IFFT) digital
signal processing. The IFFT converts a number N of complex data symbols used as
frequency domain bins into the time domain signal. Such an N-point IFFT is illustrated

on Figure 2-1.
ML e (T,
| — |
almh 0 .
almh i mi, tima (m T,
b 1 .
almh 2
- [EFT |:> S0 Sl 1)y 52Dy 2on Sl A1)
L]
almN N-1)

Figure 2-1: OFDM useful symbol generation using an IFFT (3GPP TR 25.892)

a(mN+n) = nt subchannel modulated data symbol
mT, <t < (m+1)T, = time period

The vector s, is defined as the useful OFDM symbol. It is the time superposition of the

N narrowband modulated subcarriers. Therefore, from a parallel stream of N sources
of data, each one independently modulated, a waveform composed of N orthogonal
subcarriers is obtained. Each of the subcarriers is a frequency sinc function.

The Figure 2-2 illustrates the mapping from a serial stream of QAM symbols to N paral-
lel streams, used as frequency domain bins for the IFFT. The N-point time domain
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blocks obtained from the IFFT are then serialized to create a time domain signal. Not
shown in the figure is the process of cyclic prefix insertion.

QAM symbol rate =NT, symbols/sec

J Useful
CaAM OFDM
Madulator IFFT Symbols

Figure 2-2: OFDM signal generation chain (3GPP TR 25.892)

In contrast to an OFDM transmission scheme, OFDMA allows the access of multiple
users on the available bandwidth. Each user is assigned a specific time-frequency
resource. As a fundamental principle of E-UTRA, the data channels are shared chan-
nels. For each transmission time interval of 1 ms, a new scheduling decision is taken
regarding which users are assigned to which time/frequency resources during this
transmission time interval.

OFDMA parameterization

Two radio frame structures, one for FDD (frame structure type 1) and one for TDD
(frame structure type 2) mode are defined. These EUTRA frame structures are descri-
bed in TS 36.211.

Channel bandwidth

OFDMA physical layer parameterization is based on a bandwidth agnostic layer 1.
However, current 3GPP specifications focus on the channel bandwidth listed in
Table 2-1.

The bandwidth is expressed as number of resource blocks in the range from 6 to 110
resource blocks (RB), which results in bandwidths from 1.08 MHz to 19.8 MHz.

Table 2-1: Channel bandwidth according to 3GPP TS 36.804

Channel bandwidth 1.4 MHz |3 MHz 5 MHz 10 MHz 15MHz | 20 MHz
Number of RBs 6 12 25 50 75 100
Number of occupied subcarriers 73 181 301 601 901 1201
FFT size 128, 256, | 256, 512, | 512, 1024, 1536, 2048

512, 1024, 1024, 2048 2048

1024, 2048 2048

2048

Frame structure type 1 (FDD)

The FDD frame structures type 1 is based on a 10 ms radio frame that is divided into
20 equally sized slots of 0.5 ms. A subframe consists of two consecutive slots, so one
radio frame contains 10 subframes.

Frame format 1 (FDD mode) illustrates frame structure type 1 (T is expressing the

basic time unit corresponding to 30.72 MHz). Frame format 1 is applicable to both full
and half duplex FDD.
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One radio frame, T=307200xT,=10ms

.

One slot, Ty,=15360xT.=0.5ms
g

#0 #1 #2 #3 #18 #19

_One subframe

;

Figure 2-3: Frame format 1 (FDD mode)

Related settings

See:

® "Duplexing" on page 66

® Chapter 4.3, "DL frame configuration settings", on page 136
® Chapter 7.1, "OFDMA time plan", on page 518.

Frame structure type 2 (TDD)

The TDD frame format 2 is based on a 10 ms radio frame, but the frame is divided into
two half-frames, 5 ms each. Each half-frame consists of five 1 ms long subframes,
which are reserved either for downlink or uplink transmission or are caring special
information (see Figure 2-4).

One radio frame, T=307200Ts=10ms

One hali-frame, 153600T;=5ms

e

HaH-frame Half-frame:
- - T =

| e .

One slot e T =
| e, = - Spedial subframe, — — _ _
|;r,.:,:1536nT5-n,5ms ~—. 307207, ~—— _

— l e T e

SubslrgmedD | . Sut;rmlfmvz | Sm'r+me#3 | Si.lbdrai‘lmd- | s-.nrra|new5 | Sunn-aimaﬂs | El.hfre{meﬂd | mm:sinms ‘
o+ L -Tu

One subframe, 30720T;=1ms DwPTS GP  UpPTS

Figure 2-4: Frame format 2 (TDD mode), 5 ms switching periodicity

All non-special subframes are divided into two 0.5 ms long slots. The special sub-
frames consist of three fields DWPTS (downlink pilot timeslot), GP (guard period), and
UpPTS (uplink pilot timeslot). The length of these fields can vary in specified limits so
that the total special subframe's length is maintained constant (1 ms). The 3GPP speci-
fication defines 10 special subframe configurations for normal cyclic prefix type and
eight for extended cyclic prefix type. These subframe configurations specify the
allowed DwPTS/GP/UpPTS lengths' combinations.

The 3GPP specification defines seven different uplink-downlink configurations, i.e.
defines the downlink-to-uplink switch-point periodicity (5 ms or 10 ms) and the allowed
combination of downlink, uplink, and special slots. In all the uplink-downlink configura-
tions and for any downlink-to-uplink switch-point periodicity, subframe 0, subframe 5,
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and DwPTS are always reserved for downlink transmission. UpPTS and the subframe
following the special subframe are always reserved for uplink transmission.

Figure 2-5 shows the supported uplink-downlink configurations according to TS 36.211.

UL/DL Configuration Dovwmlink -to-Uplink Subframe number
Switch-point periodicity

Sms

Smz

Sms

10 mz

olo|lolm|el o

10 ms

o|lo|lo|o|lo|lolo] o

o|lo|lo|lo|lo|lo|la)] m;m

i

LN I T R R A

len| ds | L] P = =
—
=
olo|loao|lal al a

Sms

Figure 2-5: Uplink-downlink configurations

D = Denotes a subframe reserved for downlink transmission
U = Denotes a subframe reserved for uplink transmission
S = Denotes the special subframe

Related settings

See:

® "Duplexing" on page 66

® Chapter 4.2.6, "TDD frame structure settings", on page 108
® Chapter 7.3, "TDD time plan", on page 522.

Downlink resource grid

The Figure 2-6 shows the structure of the downlink resource grid for one downlink slot.
The available downlink bandwidth consists of NPt subcarriers with a spacing of Af =
15 kHz. In the case of multi-cell MBMS transmission, a subcarrier spacing of Af =

7.5 kHz is also possible. NPt can vary to allow for bandwidth operation up to 20
MHz.
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Figure 2-6: Downlink resource grid (3GPP TS 36.211)

One downlink slot consists of NPtg, ., OFDM symbols. To each symbol, a cyclic prefix
(CP) is appended as guard time. NP'g ., depends on the cyclic prefix length. The
generic frame structure with normal cyclic prefix length contains NPtg,., = 7 symbols.
This translates into a cyclic prefix length of T¢p=5.2us for the first symbol and
Tcp=4.7us for the remaining six symbols. Additionally, an extended cyclic prefix is
defined to cover large cell scenarios with higher delay spread and MBMS transmission.
The generic frame structure with extended cyclic prefix of Tcp.g=16.7us contains
NPLg,m, = 6 OFDM symbols (subcarrier spacing 15 kHz). The generic frame structure
with extended cyclic prefix of Tp.g=33.3us contains NDLSymb = 3 symbols (subcarrier
spacing 7.5 kHz). The Table 2-2 gives an overview of the different parameters for the
generic frame structure.

Table 2-2: Parameters for downlink generic frame structure

Configuration Number of symbols Cyclic prefix length, Cyclic prefix length, us
NI samples

Normal cyclic prefix 7 160 for first symbol 5.2 us for first symbol

Af=15 kHz 144 for other symbols 4.7 us for other symbols

Extended cyclic prefix 6 512 16.7 us

Af=15 kHz

Extended cyclic prefix 3 1024 33.3 us

Af=7.5 kHz
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Related settings

See:
® Chapter 7.1, "OFDMA time plan", on page 518
® Chapter 7.3, "TDD time plan", on page 522

2.2.1.3 Downlink data transmission

Data is allocated to the UEs in terms of resource blocks. A physical resource block
consists of 12 (24) consecutive subcarriers in the frequency domain for the Af = 15 kHz
(Af = 7.5 kHz) case. In the time domain, a physical resource block consists of DL Ny
consecutive OFDM symbols, see Figure 2-6. NPt ., is equal to the number of OFDM
symbols in a slot. The resource block size is the same for all bandwidths, therefore the
number of available physical resource blocks depends on the bandwidth. Depending
on the required data rate, each UE can be assigned one or more resource blocks in
each transmission time interval of 1 ms. The scheduling decision is done in the base
station (eNodeB). The user data is carried on the physical downlink shared channel
(PDSCH).

Related settings
See Chapter 4.4, "Enhanced PBCH, PDSCH and PMCH settings", on page 211.

2.2.1.4 Downlink control information transmission

Control information is mapped to the resource elements in terms of resource elements
groups (REG). A REG consists of four consequent resource elements within one
resource block which are not used for cell-specific reference signals. Thus, there are
two types of resource blocks, resource blocks containing three REGs and resource
blocks containing only two REGs.

Two REGs are available within the OFDM symbols with allocated reference signals.
These are the OFDM symbol 0 in the first slot in a subframe and in the OFDM symbol

1 in the four-antenna system case. 3 REGs are then available in the OFDM symbols 2
and in the OFDM symbol 1 if one- or two-antenna system are used (see Figure 2-7 and
Figure 2-9).
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Figure 2-7: Resource elements groups (REG)

Three physical DL channels are carrying the control information: the Physical Control

Format Indicator Channel (PCFICH), the Physical Hybrid ARQ Indicator Channel

(PHICH) and the Physical Downlink Control Channel (PDCCH).

® The PCFICH carries the information about the number of OFDM symbols used for
transmission of PDCCH in a subframe and is mapped to four REGs within the first
OFDM symbol.

® The PHICH carries the HARQ ACK/NACK messages and is transmitted in terms of
PHICH groups. A PHICH group uses three REGs. For normal CP, a PHICH group
consists of up to eight ACK/NACK messages. Four ACK/NACK messages are car-
ried by one PHICH group if an extended CP is used.

For frame format 1 and non-MBSFN transmission, the PHICH can be transmitted:
— Over only the first OFDM symbol (or the so called normal PHICH duration).
— In case of extended PHICH duration, over the first three OFDM symbols.

® Downlink control signaling on the Physical Downlink Control Channel (PDCCH) is
used to convey the scheduling decisions to individual UEs. The PDCCH is located
in the first OFDM symbols of a slot.

The maximum number of OFDM symbols used for the transmission of a PDCCH is
determined by the number of RB used:

— For channel bandwidth with < 10 RBs, four OFDM symbols are necessary
(OFDM symbol 0 to 3)

— For channel bandwidths with 2 10 RBs, three OFDM symbols are sufficient
(OFDM symbol 0 to 2).

The minimum number of OFDM symbols used for the transmission of a PDCCH is
determined by the PHICH duration and the channel bandwidth.

The PDCCH is mapped to the REGs not used for PHICH and PCFICH and trans-
mitted on one or several control channel elements (CCEs), where a CCE corre-
sponds to 9 REGs.

Related settings

See:
e "PHI|CH Duration" on page 85
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® Chapter 4.3.1, "General frame configuration settings", on page 136.

2.21.5 Downlink reference signal structure and cell search

The downlink reference signal structure is important for cell search, channel estima-
tion, and neighbor cell monitoring.
For the LTE downlink, five types of reference signals are defined:

® Cell-specific downlink reference signals
The cell-specific reference signals are common signals in a cell, that are intended
for all UE within this cell.

® MBSFN reference signals

These reference signals are used for channel estimation and demodulation of sig-
nals transmitted by MBSFN.

® UE-specific reference signal (DMRS)
These reference signals are intended for a specific user.

® Positioning reference signals

® (Sl reference signals
These reference signals are intended channel quality measurements and fre-
quency-dependent scheduling.

Related settings

See:

® "Downlink Reference Signal Structure" on page 110

® Chapter 4.2.7.3, "Positioning reference signal (PRS) settings", on page 112
® Chapter 4.2.7.4, "CSI-RS settings", on page 116.

Mapping of reference signals to antenna ports

The LTE standard specifies so-called antenna ports (AP). Antenna ports are logical
elements, used to describe identical propagation conditions. The mapping of these
antenna ports to the physical antennas is not specified by 3GPP.

LTE specifies AP 0 to AP 5 and defines one reference signal per downlink antenna port
(see Table 2-3). LTE-Advanced introduces new reference signals, new control chan-
nels and defines additional antenna ports, AP 6 to AP 22 and AP 107 to AP 110.

From LTE Rel. 14 on, also the AP 23 to AP 46 are supported and the multiple CSI-RS
configuration mapped on them. See also Chapter 2.2.8, "LTE Release 13/14 introduc-
tion", on page 55.

Table 2-3: Mapping of reference signals to antenna ports

Antenna port (AP) Reference signal

AP 0to AP 3 Cell-specific reference signals (CS-RS)

AP 4 MBSFN-RS

AP 5 UE-specific reference signals (DMRS) for single-layer transmis-
sion (TM7)
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Antenna port (AP) Reference signal

AP 6 Positioning reference signals (PRS)

AP 7 to AP 8 UE-specific reference signals (DMRS) for up to 2 layers beam-
forming (TM8/TM9/TM10)

AP 9to AP 14 UE-specific reference signals (DMRS) for multi-layer beamform-
ing (TM9/TM10)

AP 15 to AP 22 Channel state information reference signals (CSI-RS)

AP 23 to AP 46

AP 107 to AP 110 Demodulation reference signal associated with EPDCCH

The Figure 2-8 [1MA169] illustrates the mapping of the logical antenna ports to physi-
cal transmit antennas.

APO
. / PAO j]i’
AP 2 . )
PA1 E(
AP 3 . )
PA2
AP 4
e PA3 - tr
PA4
PAT Y

Figure 2-8: Mapping of logical antenna ports to physical transmit antennas (3GPP Rel. 10)

AP = Antenna port
PA = Physical antenna

See also:
® Table 2-6
® Chapter 2.2.5, "LTE Release 10 (LTE-Advanced) introduction”, on page 46

Related settings
See Chapter 4.5, "DL antenna port mapping settings", on page 222.

Cell-specific downlink reference signals

The Figure 2-9 shows the principle of the downlink reference signal structure for one-
antenna, two-antenna, and four-antenna transmission (antenna ports 0 to 3, AP 0 to
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AP 3). Specific predefined resource elements in the time-frequency domain carry the
reference signal sequence. Besides first reference symbols, there can be a need for

second reference symbols. The different colors in the figure represent the sequences
transmitted from up to four transmit antennas.
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Figure 2-9: Downlink reference signal structure (normal cyclic prefix)
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The reference signal sequence carries the cell identity. There are 504 unique physical
layer cell identities, grouped into 168 unique physical cell identity groups that contain

three unique identities each. Each reference signal is generated as a pseudo-random
sequence that depends on the physical layer cell identity.

Frequency hopping can be applied to the downlink reference signals. The frequency
hopping pattern has a period of one frame (10 ms).

During cell search, the handset identifies different types of information: symbol and
radio frame timing, frequency, cell identification, overall transmission bandwidth,
antenna configuration, and cyclic prefix length.

Besides the reference signals, synchronization signals are therefore needed during cell
search. EUTRA uses a hierarchical cell search scheme similar to WCDMA. This
means that the synchronization acquisition and the cell group identifier are obtained
from different SYNC signals. Thus, a primary synchronization signal (P-SYNC or PSS)
and a secondary synchronization signal (S-SYNC or SSS) are defined with a pre-
defined structure. They are transmitted on the 72 center subcarriers (around DC sub-
carrier) within the same predefined slots (twice per 10 ms) on different resource ele-
ments, see Figure 2-10. This figure is taken from TS 36.211.

10 ms radic frame

s
E"“&. 11 bf-“—'
ms subirame
~ P-SYNC
T,
T,
1|2| 3| 4| 5| 6] 7] 1| 2| 3| 4| 5| 8| 7 5-5YNC
0.5 ms slot

Figure 2-10: P-SYNC and S-SYNC structure (normal CP; 1.25 MHz bandwidth)

As additional help during cell search, a common control physical channel (CCPCH) is
available which carries BCH type of information, e.g. system bandwidth. It is transmit-
ted at predefined time instants on the 72 subcarriers centered on the DC subcarrier.

To enable the UE to support this cell search concept, it was agreed to have a minimum
UE bandwidth reception capability of 20 MHz.
Related settings

See "Synchronization Signal Settings" on page 110.

MBSFN reference signals

MBSFN reference signals are defined fro extended cyclic prefix only. The MBSFN ref-
erence signals are transmitted on antenna port 4 (AP 4) and only when the PMCH is
transmitted.

The Figure 2-11 shows the resource elements used by the MBSFN reference signal if
Af=15 kHz .
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Antenna port 4
| |

=0 i [=F=T =5

Figure 2-11: MBSFN reference signal structure (extended cyclic prefix, carrier spacing 15 KHz)

Related settings
See Chapter 4.2.3, "MBSFN settings", on page 86.

UE-specific reference signal (DMRS)

These reference signals are intended for a specific user and mapped to predefined
PDSCH RBs of this particular user. The resource elements predefined for the UE-spe-
cific RS do not overlap with the resource elements reserved for the cell-specific refer-
ence signals.

For single-antenna transmission, the UE-specific reference signals are transmitted on
antenna port 5, 7 or 8 (AP 5, AP 7, and AP 8). If a spatial multiplexing is applied, the
UE-specific reference signals are transmitted on antenna ports 7 to 10 (AP 7 to AP 10).

The UE-specific RS are also called demodulation reference signals (DMRS) and are
intended for channel estimation and demodulation instead of the common reference
signals. One typical example of the application of UE-specific RS is the channel esti-
mation and demodulation, if beamforming transmission is used. This is also called
transmission using antenna port 5 (AP 5).

In contrary to the common reference signals that are not precoded, the UE-specific RS
are precoded in the same way as the PDSCH they are mapped to.

See Figure 2-12 and Figure 2-13 for illustration of the mapping of the UE-specific refer-
ence signals to the resource elements.
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lAntenna port 5
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Figure 2-12: UE-specific reference signals, antenna port 5 (normal cyclic prefix)

Antenna port 7 and 9I Antenna port 8 and 10

i i i i

- EEEEN - _ EREEE
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10 P 610 P =6 =0 i =610 P 6

Figure 2-13: UE-specific reference signals, antenna ports 7 to 10 (normal cyclic prefix, downlink sub-
frame)

See also "Transmission mode TM10 and DCI format 2D" on page 53.

Positioning reference signals

The positioning reference signals are transmitted only in downlink subframes config-
ured for positioning reference signals transmission. Positioning reference signals are
transmitted on antenna port 6 (AP 6).

The Figure 2-14 shows the mapping of the positioning reference signals for the one
and two PBCH antenna ports case (normal cyclic prefix). Refer to the specification for
information about the mapping in all other cases.
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Antenna port 6
I |
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Figure 2-14: Mapping of PRS (normal cyclic prefix), one and two PBCH antenna ports.

Related settings
See Chapter 4.2.7.3, "Positioning reference signal (PRS) settings", on page 112 .

CSl reference signals

The CSI reference signals (CSI-RS) are intended for the acquisition of channel-state
information (CSI) for UE working in transmission mode 9 or 10 (TM9 or TM10). This is
because in TM9, the DMRS are used for channel estimation.

The CSI-RS structure depends on the number of CSI-RS (1, 2, 4 or 8) configured in a
cell and can differ between the cells. This is illustrated on Figure 2-15 [TS 36.211].

Up to LTE Rel. 13, the CSI-RS are transmitted on antenna ports 15 to 22 (AP 15 to AP
22).

From LTE Rel. 14 on, also the AP 23 to AP 46 are supported and the multiple CSI-RS
configuration mapped on them. See also Chapter 2.2.8, "LTE Release 13/14 introduc-
tion", on page 55.

%
77
)
=0 1=6 =0 =6

Figure 2-15: Mapping of a CSI-RS on antenna port 15 (CSI configuration 0, normal cyclic prefix)
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Pattern = Example of possible position of the CSI-RSs
Dark green = Example of allocated CSI-RS signals in a cell
Border = Example of muted (ZeroTxPower) CSI-RSs

The CSI-RS can be configured with different transmission periods (5 ms to 80 ms) and
per subframe (see Table 4-3).

In normal operation, the CSI-RS is transmitted on the allocated resource elements
(dark green color on Figure 2-15). The remaining possible but not allocated resource
elements (the pattern elements on the same figure) are used for PDSCH transmission.
The 3GPP specification allows the configuration of an extra subset of resource ele-
ments. These resource elements are reserved for CSI-RS transmission and have the
same structure as the CSI-RS but use a zero transmission power (ZeroTxPower).
Nothing is transmitted during these resource elements.

Related settings

See:

® Chapter4.2.7.4, "CSI-RS settings", on page 116
® Chapter 4.4.2, "CSI-RS settings", on page 217
® "CSl| Awareness State" on page 145

2.21.6 Downlink physical layer procedures

For E-UTRA, the following downlink physical layer procedures are especially important:

® Cell search and synchronization
See "Cell-specific downlink reference signals" on page 28.

® Scheduling
Scheduling is done in the base station (eNodeB). The downlink control channel
PDCCH informs users about their allocated time/frequency resources and the
transmission formats to use. The scheduler evaluates different types of information,
e.g. quality-of-service parameters, measurements from the UE, UE capabilities,
and buffer status.

® Link adaptation
Link adaptation is already known from HSDPA as adaptive modulation and coding.
Also in E-UTRA, modulation and coding for the shared data channel is not fixed,
but rather is adapted according to radio link quality. For this purpose, the UE regu-
larly reports channel quality indications (CQI) to the eNodeB.

® Hybrid automatic repeat request (ARQ)
Downlink hybrid ARQ is also known from HSDPA. It is a retransmission protocol.
The UE can request retransmissions of incorrectly received data packets.

2.2.2 LTE uplink transmission scheme
During the study item phase of LTE, alternatives for the optimum uplink transmission

scheme were investigated. While OFDMA is seen optimum to fulfill the LTE require-
ments in downlink, OFDMA properties are less favorable for the uplink. This is due to

User Manual 1175.6703.02 — 34 34



EUTRAI/LTE/loT About the EUTRA/LTE options

Introduction to the EUTRA/LTE technology

weaker peak-to-average power ratio (PAPR) properties of an OFDMA signal, resulting
in worse uplink coverage.

Thus, the LTE uplink transmission scheme for FDD and TDD mode is based on SC-
FDMA (single carrier frequency division multiple access) with cyclic prefix. SC-FDMA
signals have better PAPR properties compared to an OFDMA signal. This was one of
the main reasons for selecting SC-FDMA as LTE uplink access scheme. The PAPR
characteristics are important for cost-effective design of UE power amplifiers. Still, SC-
FDMA signal processing has some similarities with OFDMA signal processing, so
parameterization of downlink and uplink can be harmonized.

There are different possibilities how to generate an SC-FDMA signal. DF T-spread-
OFDM (DFT-s-OFDM) has been selected for EUTRA. The principle is illustrated on
Figure 2-16. This figure is taken from 3GPP R1-050584, "EUTRA Uplink Numerology
and Design".

For DFT-s-OFDM, a size-M DFT is first applied to a block of M modulation symbols.
QPSK, 16QAM and 64 QAM are used as uplink EUTRA modulation schemes, the lat-
ter being optional for the UE. The DFT transforms the modulation symbols into the fre-
quency domain. The result is mapped onto the available subcarriers. In EUTRA uplink,
only localized transmission on consecutive subcarriers is allowed. An N point IFFT
where N>M is then performed as in OFDM, followed by addition of the cyclic prefix and
parallel to serial conversion.
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Figure 2-16: Block diagram of DFT-s-OFDM (localized transmission)

The DFT processing is therefore the fundamental difference between SC-FDMA and
OFDMA signal generation. This is indicated by the term DFT-spread-OFDM. In an
SCFDMA signal, each subcarrier used for transmission contains information of all
transmitted modulation symbols. This due to fact that the input data stream has been
spread by the DFT transform over the available subcarriers. In contrast, each subcar-
rier of an OFDMA signal only carries information related to specific modulation sym-
bols.
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2.2.21 SC-FDMA parameterization
The EUTRA uplink structure is similar to the downlink. An uplink radio frame consists
of 20 slots of 0.5 ms each, and 1 subframe consists of 2 slots. The slot structure is
shown on Figure 2-17 (taken from TS 36.211).
Each slot carries = SC-FDMA symbols, where ¥:= = 7 for the normal cyclic prefix and
v = 6 for the extended cyclic prefix. SC-FDMA symbol number 3 (i.e. the 4th symbol
in a slot) carries the reference signal for channel demodulation.
One uplink slot, Tgjot
e
0 1 z nUL 2 NYL 4
__Symb symb
i
E—M-ﬂdulaﬁon symbol HU.N UL 2
symb
Figure 2-17: Uplink slot structure
Also for the uplink, a bandwidth agnostic layer 1 specification has been selected. The
table below shows the configuration parameters in an overview table.
Configuration Nl,!mber of symbols Cyclic prefix length in | Cyclic prefix length in
_::-{--b samples us
Normal cyclic prefix 7 160 for first symbol 5.2 us for first symbol
Af=15 kHz 144 for other symbols 4.7 us for other symbols
Extended cyclic prefix 6 512 16.7 us
Af=15 kHz
Related settings
See:
® (Chapter 4.1, "General settings", on page 63
® Chapter 4.2.6, "TDD frame structure settings", on page 108
® Chapter 7.2, "SC-FDMA time plan”, on page 520
® Chapter 7.3, "TDD time plan", on page 522.
2.2.2.2 Uplink data transmission

In uplink, data is allocated in multiples of one resource block. Uplink resource block
size in the frequency domain is 12 subcarriers, i.e. the same as in downlink. To simplify
the DFT design in uplink signal processing only factors 2, 3, and 5 are allowed.

The uplink transmission time interval (TTI) is 1 ms (same as downlink).
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User data is carried on the physical uplink shared channel (PUSCH).

Related settings

See:

® Chapter 4.6.7, "PUSCH structure", on page 251

® Chapter 4.8.4, "Physical uplink shared channel (PUSCH)", on page 273
® Chapter 4.9, "Enhanced PUSCH settings", on page 323

Uplink control information transmission

According to the LTE specifications, one of the following channels carries the uplink
control information depending on whether an uplink resource has been assigned to the
UE or not:

® Physical Uplink Shared Channel (PUSCH)
® Physical Uplink Control Channel (PUCCH)

Control information (CQlI reports and ACK/NACK information related to data packets
received in the downlink) is multiplexed with the PUSCH, if the UE has been granted
with UL-SCH transmission.

The PUCCH carries uplink control information, e.g. CQl reports, HARQ ACK/NACK
information, or scheduling requests (SR), in case the UE has not been assigned an
UL-SCH transmission. The PUCCH is transmitted on a reserved frequency region at
the edges of the total available UL bandwidth. One PUCCH resource comprises a pair
of resource blocks within slot 0 and 1 that are located in the upper and the lower part of
the spectrum. PUCCH is allocated as shown on the Figure 2-18 [TS 36.211].
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Figure 2-18: PUCCH mapping

TS 36.211 specifies seven PUCCH formats, see Table 2-4.
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PUCCH format

Description

Physical bits

Modulation
scheme

ODFM sym-
bols used for
DMRS

(normal CP)

ODFM sym-
bols used for
DMRS

(extended CP)

Scheduling
request (SR)

2,3,4

2,3

1a

ACK/NACK

ACK/NACK +
SR

BPSK

2,3,4

2,3

1b

ACK/NACK for
MIMO

ACK/NACK +
SR

QPSK

2,3

cal

CSl + ACK/
NACK

20

QPSK

2a

CSl + ACK/
NACK

21

QPSK+BPSK

2b

CSl + ACK/
NACK for
MIMO

22

QPSK+QPSK

ACK/NACK (if
DL carrier
aggregation
with more than
2 cells)

ACK/NACK +
SR

48

QPSK

4 and 5

ACK/NACK (if
DL carrier
aggregation
with more than
5 cell)

Depends on RB
size (number of
used subcarri-
ers and for F4
also number of

QPSK

RBs), CP and
PUCCH format

) eMTC does not support PUCCH formats 3, 4 and 5

The different PUCCH formats are mapped to the reserved PUCCH region. The map-
ping is performed so that there can be only one resource block per slot that supports a
combination of PUCCH formats 1/1a/1b and 2/2a/2b.

For simultaneous transmission of multiple users on the PUCCH, different PUCCH
resource indices are used. Multiple UEs are distinguished within one resource block by
using different cyclic shifts (CS) of the CAZAC (constant amplitude zero auto-correla-
tion) sequence. For PUCCH formats 1/1a/1b, three different orthogonal cover sequen-
ces (OC) can also be used. For the different PUCCH formats, different number of
PUCCH resource indices are available within a resource block (see Table 2-5). The
actual number of the used orthogonal sequences is also determinated by the parame-
ter delta_shift, used to support working in different channel conditions.
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Table 2-5: PUCCH resource indices per PUCCH format

PUCCH format PUCCH resource indices Number available within a
resource block

1/1al1b N(1)_PUCCH 36 for normal CP
24 for extended CP

2/2a/2b N(2)_PUCCH 12
39 N(3)_PUCCH 5
4 N(4)_PUCCH 1
59 N(5)_PUCCH 3

) eMTC does not support PUCCH formats 3, 4 and 5

Related settings

See:
® (Chapter 4.6.8, "PUCCH structure", on page 252
® Chapter 4.10, "Enhanced PUCCH settings", on page 333

Uplink reference signal structure

Uplink reference signals are used for two different purposes:

® For channel estimation in the eNodeB receiver to demodulate control and data
channels

® To provide channel quality information as a basis for scheduling decisions in the
base station.
This purpose is also called channel sounding.

The uplink reference signals are based on CAZAC (constant amplitude zero auto-cor-
relation) sequences.

Sounding reference signals (SRS)

The specification defines two types of sounding reference signals (SRS), periodic SRS
and aperiodic SRS. A user equipment (UE) can be configured with both SRS trigger
types.

® Periodic SRS occurs at regular time intervals.
It is referred as "trigger type 0" SRS and is known form LTE Rel. 8

® The aperiodic SRS transmission is a single (one-shot) transmission
It is referred as "trigger type 1" SRS and is introduced by LTE Rel. 10.
Aperiodic SRS is triggered by the "SRS Request" flag in one of the DCI formats
0/1A/4/2B/2C/2D.
Triggering aperiodic SRS by using DCI format 0 requires one dedicated SRS set of
parameters whereas the triggering by using DCI formats 1A/2A/2B/2C uses a com-
mon SRS set. For the triggering by DCI format 4, the specification defines three
SRS sets.
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Related settings

See:

® Chapter 4.6.5.1, "UL reference signals", on page 246

® Chapter 4.6.5.2, "Cell-specific SRS settings", on page 247

® Chapter 4.8.6, "Sounding reference signal (SRS)", on page 280
e "Aperiodic SRS State" on page 145

® "DCI Format 1A" on page 201

Uplink physical layer procedures
For EUTRA, the following uplink physical layer procedures are especially important:

Non-synchronized random access

The random access is used to request initial access, as part of handover, when transit-
ing from idle to connected, or to re-establish uplink synchronization. The structure is
shown on Figure 2-19 (taken from TS 36.211).

L TTI
] Random
= Access
= Channel 1
- N
=
B DATA TRANSMISSION
x
= .
m
a Random
gx Accass
m Channel 2
i
Tra Tra-rEF

[0 Scheduled Data [ Moen-Synchronized Random Access Channel

Figure 2-19: Random access structure, principle

Multiple random access channels can be defined in the frequency domain within one
access period TRA to provide enough random access opportunities.

For the random access, a preamble is defined as shown on Figure 2-20 (taken from TS
36.211). The preamble length depends on the preamble format. The preamble band-
width is 1.08 MHz (72 subcarriers). Higher layer signaling controls in which subframes
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the preamble transmission is allowed, and the location in the frequency domain. Per
cell, there are 64 random access preambles. They are generated from Zadoff-Chu

sequences.

- Tra -

| cp | Preambla T :
T|;|:| TP'RE TGT

- - -

Figure 2-20: Random access preamble

The random access procedure uses open loop power control with power ramping simi-
lar to WCDMA. After sending the preamble on a selected random access channel, the
UE waits for the random access response message. If no response is detected, then
another random access channel is selected and a preamble is sent again.

Related settings

See:

® Chapter 4.6.6, "PRACH settings", on page 249

® Chapter 4.8.9, "PRACH power ramping", on page 319
® Chapter 4.8.10, "PRACH configuration”, on page 320

Uplink scheduling

As in the downlink direction, the uplink scheduling is dynamical scheduling of uplink
resources performed by eNodeB on a subframe basis. The eNodeB assigns certain
time/frequency resources to the UEs and informs UEs about transmission formats to
use. Scheduling decisions affecting the uplink are communicated to the UEs via the
physical downlink control channel (PDCCH) in the downlink. The scheduling decisions
can be based on QoS parameters, UE buffer status, uplink channel quality measure-
ments, UE capabilities, UE measurement gaps, etc.

The LTE specification defines a second uplink scheduling method, the semi-persistent
scheduling (SPS). The semi-persistent scheduling is used to reduce the control signal-
ing overhead for regularly occurring services and transmissions of relative small pay-
loads. With SPS, the scheduling decisions are not transmitted every subframe but
once. Via the PDCCH, the UEs first receive information on the SPS periodicity, that is
information about the SPS pattern or the subframes on which scheduling decisions can
be transmitted. Semi-persistent scheduling is then activated and deactivated by an
explicit trigger, the SPS C-RNTI. The dynamic scheduling commands have higher pri-
ority than the SPS.

SPS activation subframe SPS transmission SPS last subframe SPS release subframe
Subframe
N I N N N N N N N I N
A V)
SPS interval
PDCCH PDCCH PDCCH

Figure 2-21: Semi-persistent scheduling (SPS)
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In carrier aggregation transmission, SPS is allowed only on the primary component
carrier.

Related settings

See Chapter 4.3.7, "SPS configuration settings", on page 162.

Uplink link adaptation

As uplink link adaptation methods, transmission power control, adaptive modulation
and channel coding rate, and adaptive transmission bandwidth can be used.
Uplink timing control

Uplink timing control is required to time align the transmissions from different UEs with
the receiver window of the eNodeB. The eNodeB sends the appropriate timing-control
commands to the UEs in the downlink, commanding them to adapt their respective
transmit timing.

Hybrid automatic repeat request (ARQ)

The eNodeB uses the uplink hybrid ARQ protocol to request retransmissions of incor-
rectly received data packets.

2.2.3 LTE MIMO concepts

Multiple Input Multiple Output (MIMO) systems form an essential part of LTE to achieve
the ambitious requirements for throughput and spectral efficiency. MIMO refers to the
use of multiple antennas at the transmitter and at the receiver.

2.2.3.1 Downlink MIMO

For the LTE downlink, a 2x2 configuration for MIMO is assumed as baseline configura-
tion, i.e. two transmit antennas at the base station and two receive antennas at the ter-
minal. Configurations with four or more antennas are also being considered.

Different MIMO modes are envisaged. It has to be differentiated between spatial multi-
plexing and transmit diversity, and it depends on the channel condition which scheme
to select.

Related settings

See:

® Chapter 4.2.8, "Antenna ports settings", on page 133

® Chapter 4.4.1, "Precoding settings", on page 212

® Chapter 4.5, "DL antenna port mapping settings", on page 222.

Spatial multiplexing

Spatial multiplexing allows transmitting different streams of data simultaneously on the
same downlink resource blocks (see Figure 2-22 for illustration of the principle). These
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data streams can belong to one single user (single user MIMO / SU-MIMO) or to differ-
ent users (multi-user MIMO / MU-MIMO). While SU-MIMO increases the data rate of
one user, MU-MIMO allows increasing the overall capacity.

Spatial multiplexing is only possible if the mobile radio channel allows it.

, “
ariginal h .
010110 Ye> A 010110
110 W
M, antennas at node B M, antennas at UE

Figure 2-22: Spatial multiplexing

In the Figure 2-22, each transmit antenna transmits a different data stream. Each Rx
antenna receives the data streams from all transmit antennas. The channel (for a spe-
cific delay) can thus be described by the following channel matrix H:

Nt
Jez1I. '&ll '&IM
H= fig) i fiyng Nr
fiper  Ana Hreie

In this general description, N, is the number of transmit antennas, N, is the number of
receive antennas, resulting in a 2x2 matrix for the baseline LTE scenario. The coeffi-
cients h; of this matrix are called channel coefficients from transmit antenna j to receive
antenna i, thus describing all possible paths between the transmitter and the receiver.

The number of data streams that can be transmitted in parallel over the MIMO channel
is given by min {N;, N.}. It is limited by the rank of the matrix H. The transmission qual-
ity degrades significantly in case the singular values of matrix H are not sufficiently
strong. This can happen in case the two antennas are not sufficiently de-correlated, for
example in an environment with little scattering or when antennas are too closely
spaced.

Codewords and spatial layers

A block of information bits that can be separately processed before it is transmitted in a
subframe, is called codeword [17].

A spatial layer indicates the number of spatial streams that can be simultaneously
transmitted [17]. The number of layers for transmission is less than or equal to the
number of transmit antenna ports and depends on the rank of the matrix H.
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In LTE Rel. 8/9, up to two codewords can be transmitted simultaneously and mapped
onto up to four layers. There is a fixed mapping between codewords to layers, see Fig-

ure 2-23.
[ Range of |
| codebook index
1 Layer 0. |
1CW 2 Tx antenna ports
2 Layers

3 Layers

2 CW 4 Tx antenna ports

4 Layers

Figure 2-23: Codeword to layer mapping for downlink spatial multiplexing (LTE Rel. 8/9)

Precoding

Precoding on transmitter side is used to support spatial multiplexing, see Figure 2-24
(from TS 36.211). This is achieved by applying a precoding matrix W to the signal
before transmission.
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Figure 2-24: Precoding principle

The optimum precoding matrix W is selected from a predefined "codebook" which is
known at the eNodeB and at the UE. Unitary precoding is used, i.e. the precoding
matrices are unitary: WHW = |. The UE estimates the radio channel and selects the
optimum precoding matrix. The optimum precoding matrix is the one which offers maxi-
mum capacity. The UE provides feedback on the uplink control channel regarding the
preferred precoding matrix (precoding vector as a special case). Ideally, this informa-
tion is made available per resource block or at least group of resource blocks, since
the optimum precoding matrix varies between resource blocks. The Figure 2-25 (from
TS 36.211) gives an overview of EUTRA downlink baseband signal generation includ-
ing the steps relevant for MIMO transmission.

code words layers antenna ports.
. Madulation . . QOFDM . DFDM signal
Scrambiing Magpar } Mapgsr gensration
Layer |
Mapper FESCOinE] |
f Modulation - | QFDM QFDM signal
Saan B Mapper - ) 1 Mapper genaration

Figure 2-25: Overview of downlink baseband signal generation
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Transmission modes

LTE defines the following transmission modes for the PDSCH (TS 36.213).

Table 2-6: Downlink transmission modes overview

Transmission mode Transmission scheme

Tx Mode 1 Single-antenna transmission (AP 0); SISO/SIMO but no MIMO
Tx Mode 2 Transmit diversity

Tx Mode 3 ®  Transmit diversity

®  Open-loop spatial multiplexing with large delay CDD; SU-MIMO (sin-
gle user MIMO)

Tx Mode 4 ®  Transmit diversity
®  (Closed-loop spatial multiplexing; SU-MIMO

Tx Mode 5 ®  Transmit diversity
®  MU-MIMO (multi-user MIMO)

Tx Mode 6 ®  Transmit diversity
®  Closed-loop spatial multiplexing using a single transmission layer

Tx Mode 7 Single-antenna port transmission (AP 5); single layer beamforming

Tx Mode 8 ®  Dual layer transmission (AP 7 and AP 8); dual layer beamforming
®  Single-antenna port (AP 7 or AP 8)

Tx Mode 9 Multi-layer transmission (AP 9 to AP 14); MU-MIMO, SU-MIMO, 8 layer
beamforming

Tx Mode 10 Multi-layer transmission (AP 9 to AP 14), CoMP (coordinated multi-point
operation)

See also "Mapping of reference signals to antenna ports" on page 27.

Transmit diversity

Instead of increasing data rate or capacity, MIMO can be used to exploit diversity. If the
channel conditions do not allow spatial multiplexing, a transmit diversity scheme is
used instead, so switching between these two MIMO modes is possible depending on
channel conditions. Transmit diversity is used when the selected number of streams
(rank) is one.

Beamforming

The beamforming is a method to shape the transmitted signal in the receiver's direc-
tion. In LTE, the beamforming is defined as transmission mode 7, 8 and 9 (Tx Mode
7/8/9). Beamforming uses the special antenna ports 5 and 7 to 14, see Table 2-6.

The channel estimation in a beamforming scenario is based on the UE-specific refer-
ence signal (DMRS).

2.2.3.2 Uplink MIMO
Uplink MIMO schemes for LTE differ from downlink MIMO schemes. Up to LTE Rel. 9,

only uplink MU-MIMO is specified. Multiple user terminals can transmit simultaneously
on the same resource block. This is also referred to as spatial domain multiple access
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(SDMA). The scheme requires only one transmit antenna at the UE. The UEs sharing
resource blocks have to apply mutually orthogonal pilot patterns.

For information on the SU-MIMO and the LTE-Advanced MIMO concept, see Chap-
ter 2.2.5.3, "Enhanced MIMO schemes", on page 49.

2.2.4 LTE MBMS concepts

In LTE, MBMS transmission is performed as single-cell transmission or as multi-cell
transmission. In multi-cell transmission, the cells and content are synchronized to
enable for the terminal to soft-combine the energy from multiple transmissions. The
superimposed signal looks like multipath to the terminal. This concept is also known as
single frequency network (SFN). The EUTRAN can configure which cells are part of an
SFN for transmission of an MBMS service. The MBMS traffic can share carrier with the
unicast traffic or be sent on a separate carrier. For MBMS traffic, an extended cyclic
prefix is provided. Specific reference signals are used in the subframes that carry
MBMS SFN data (see "MBSFN reference signals" on page 30).

MBMS data is carried on the MBMS traffic channel (MTCH) as logical channel. The
MBMS control channel MCCH carries the MBMS control information. Both logical
channels, the MTCH and the MCCH, are mapped onto the physical multicast channel
PMCH in the multi-cell transmission case. If a single-cell transmission is used, they are
mapped on the PDSCH.

Related settings
See Chapter 4.2.3, "MBSFN settings", on page 86.

2.2.5 LTE Release 10 (LTE-Advanced) introduction

by the software option R&S SMW-K85. The full set of LTE-Advanced features is descri-
bed in 1TMA232.

For a complete LTE-Advanced technology introduction and an insight description of the
LTE-A features, refer to:

e White Paper 1MA169 "LTE-Advanced Technology Introduction”
® Application Note 1MA166 "LTE-Advanced Signals Generation and —Analysis"

O This description gives a brief description only of the LTE-A features currently covered

2.2.5.1 Carrier aggregation

The LTE-A Rel. 10 specification uses the aggregation of multiple LTE carriers. Two or
more component carriers (CC) are grouped to support wider transmission bandwidths
of up to 100 MHz. To an LTE Rel. 8 terminal, each component carrier appears as an
LTE carrier. An LTE Rel. 10 terminal can exploit the total aggregated bandwidth. As
backward compatibility is fulfilled, a LTE-Advanced cell can serve both LTE Rel. 8 and
LTE Rel. 10 terminals simultaneously.
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Spectrum deployment can be either contiguous with adjacent component carriers, or
non-contiguous with non-adjacent component carriers (see Figure 2-26, 1IMA169). The
individual component carriers can belong to the same frequency band (intra-band) or
to different frequency bands (inter-band). Component carriers transmitted by the same
eNodeB provide the same cell coverage.

Frequency band A Frequency band B
Component Component  Component
carrier#1 carrier#2 carrier#3
Non-contiguous component carriers Contiguous component carriers

Figure 2-26: Carrier aggregation

The LTE-A specification defines two different approaches about informing the UE about
the scheduling for each band: a separate PDCCH for each carrier or a common
PDCCH for multiple carriers (cross-carrier scheduling).
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Figure 2-27: LTE-A scheduling approaches
In the dedicated/non-cross-carrier approach, the PDCCH on a component carrier

assigns PDSCH resources on the same component carrier. The used PDCCH struc-
ture is identical to the LTE Rel. 8/9 PDCCH structure.
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In the cross-carrier approach, the PDCCH on a component carrier assigns resources
on one of multiple component carriers. The component carriers are identified by the
new introduced DCI field, the CIF (carrier indicator field).

Related settings

See:

® Chapter 4.2.2, "DL carrier aggregation configuration”, on page 73.
® Chapter 4.3, "DL frame configuration settings", on page 136.

® Chapter 4.3.3, "User configuration settings", on page 139.

2.2.5.2 Enhanced uplink SC-FDMA

The LTE-A Rel. 10 enhances the uplink transmission scheme compared to the LTE
Rel. 8 uplink with the following:

® Control-data decoupling
In LTE Rel. 8/9, a UE only uses physical uplink control channel (PUCCH) when it
does not have any data to transmit on PUSCH. If a UE has data to transmit on
PUSCH, it would multiplex the control information with data on PUSCH. This
behavior is not valid in LTE-Advanced, which means that simultaneous PUCCH
and PUSCH transmission is possible in uplink direction.

® Non-contiguous data transmission
LTE-Advanced extends the uplink transmission scheme by allowing clustered
PUSCH. The uplink transmission is not restricted to the use of consecutive subcar-
riers. Clusters of resource blocks can be allocated (two "sets" of consecutive
PUSCH resource block groups according to resource allocation type 1 as defined
in TS 36.213).

LTE Release 8 LTE-A Release 10

multiplexed
PUCCH/PUSCH PUSCH

Figure 2-28: LTE Release 8 and LTE-A Release 10 UL transmission schemes
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Related settings

See:
® Chapter 4.7, "UL frame configuration settings", on page 255
® Chapter 4.8, "User equipment configuration", on page 265.

2.2.5.3 Enhanced MIMO schemes

LTE Rel. 8 supports MIMO schemes in downlink direction. In downlink direction, up to
four transmit antennas can be used whereas the maximum number of codewords is
two irrespective of the number of antenna ports. LTE-Advanced extends the MIMO
capabilities of LTE Rel. 8/9 to now supporting eight downlink antennas (8x8 antenna
configuration) and four uplink antennas (4x4 antenna configuration), see Figure 2-29,
and Figure 2-30, 1MA169.

UE1 o
MU-MIMO
e.g. 2x2 eNB UE3

SU-MIMO
max. 8x8

UE2

Figure 2-29: Supported transmit layers in LTE-Advanced (downlink)

UE1

MU-MIMO

eNB

SuU-MIMO
max. 4x4

Figure 2-30: Supported transmit layers in LTE-Advanced (uplink)
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In addition to the spatial multiplexing schemes, transmit diversity is possible in both
downlink and uplink direction.

Downlink MIMO

The following is a list of the main differences compared to LTE Rel. 8/9:

® | ayer mapping for downlink spatial multiplexing that uses the AP 7 to AP 14 for up
to 8 layer PDSCH
See "Mapping of reference signals to antenna ports" on page 27 and Figure 2-23

® Scheduling of downlink resources uses the DCI format 2C and transmission mode
9 (TM9)
See "Transmission modes" on page 45

® |ntroduced are the PDSCH demodulation reference signals DMRS
See "UE-specific reference signal (DMRS)" on page 31

® Channel state estimation reference signals (CSI-RS)
See "CSl reference signals" on page 33

Uplink MIMO

The following is a list of the main difference compared to LTE Rel. 8/9:

® PUSCH transmission uses up to two codewords, up to four layers and up to four
antenna ports to support SU-MIMO

e |f two PUSCH codewords are used, these codewords can use different modulation
schemes

® Defined are different codebooks depending on the used number of antenna ports
and layers

| Range of |

| codebogk index |

1 Layer

2 Tx antenna ports

3 Layers

4 Tx antenna ports

4 Layers

- — — — 1

Figure 2-31: Codeword to layer mapping for uplink spatial multiplexing (LTE Rel. 10)

® PUCCH can be transmitted on up to two antenna ports
® SRS can be transmitted on up to four antenna ports

See Table 2-7

Table 2-7: Uplink transmission modes overview

Transmission mode Transmission scheme
Tx Mode 1 No spatial multiplexing; transmission on a single antenna port
Tx Mode 2 Spatial multiplexing
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Related settings

See:
® (Chapter 4.7.3, "UL allocation table", on page 260

® Chapter 4.8.2, "Physical uplink control channel (PUCCH)", on page 268,
Chapter 4.8.4, "Physical uplink shared channel (PUSCH)", on page 273,
Chapter 4.8.5, "Demodulation reference signal (DMRS)", on page 279,
Chapter 4.8.6, "Sounding reference signal (SRS)", on page 280 and
Chapter 4.8.8, "Antenna port mapping", on page 316

® Chapter 4.9, "Enhanced PUSCH settings", on page 323
® Chapter 4.10, "Enhanced PUCCH settings", on page 333

2.2.6 LTE Release 11 introduction

ered by the software option R&S SMW-K112.

For a complete LTE-Advanced (3GPP Rel. 11) technology introduction and an insight
description of the LTE-A features, refer to:

® White Paper 1MA232 "LTE-Advanced (3GPP Rel. 11) Technology Introduction"

O This section gives a brief description only of the LTE-A Rel. 11 features currently cov-

LTE carrier aggregation enhancements

LTE-Advanced 3GPP Rel. 11 introduces the following new features:
® Multiple timing advances (TA) for uplink carrier aggregation
® Non-contiguous intra-band carrier aggregation
® Two special subframe configurations for LTE TDD
— Special subframe configuration 9 with normal cyclic prefix in downlink
— Special subframe configuration 7 with extended cyclic prefix in downlink

® Support of different UL/DL configurations on different bands
If TDD carrier aggregation is used, the individual carriers can use different UL/DL
configurations

® Enhanced TxD schemes for PUCCH format 1b with channel selection

New control channel: enhanced PDCCH (EPDCCH)

LTE-Advanced 3GPP Rel. 11 introduces the new downlink control channel to support
new features and to increase the control channel capacity.

The enhanced physical downlink control channel (EPDCCH) carries the downlink con-
trol information. Compared to the PDCCH, the EPDCCH is not allocated on the first
symbols of a subframe as it is with PDCCH but uses resource blocks normally
reserved for the PDSCH.
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EPDCCH is a user-specific control channel. It is always transmitted in an EPDCCH set.
For each component carrier and user, you can define one or two EPDCCH sets. Each
EPDCCH set consists of 2, 4 or 8 physical resource block (PRB) pairs that do not have
to be contiguous in frequency.

Each PRB pair consists of a number of enhanced control channel elements (ECCE).
Each ECCE consists of 4 or 8 enhanced resource element groups (EREG), where
there are 16 EREG per PRB pair. If the subsequent EREGs are allocated within a sin-
gle PRB pair, the EPDCCH transmission is referred as localized. Opposite, if the
EREGs are distributed over several PRB pairs, the transmission is referred as distrib-
uted. The two different transmission schemes can be used depending on the availabil-
ity of reliable channel feedback and knowledge about the channel state conditions. Dis-
tributed transmission for instance can be used to exploit frequency diversity.

DMRSs associated with EPDCCH are transmitted on antenna ports AP 107 to AP 110.
In the resource blocks mapping grid, these APs replace the AP 7 to AP 10 used for
DMRS. See also Figure 2-13.

DMRSs for EPDCCH are scrambled with higher layer user-specific identifier
nEPDCCH 5 |, where m = 0 or 1 and indicates the EPDCCH set.

Related settings

See:

® Chapter 4.3.5, "EPDCCH configuration settings", on page 156
e "(E)PDCCH" on page 195

® DCI Format 2/2A/2B/2C/2D > "HARQ-ACK Resource Offset"

Coordinated multi-point operation for LTE (CoMP)

CoMP is a new interference mitigation technique that aims to improve coverage of high
data rates and increase cell-edge throughput. CoMP also aims to optimize the trans-
mission and reception from multiple transmission points (TP). A TP is a term that
describes the location, where the transmission physical occurs. TPs can be the sectors
on the same site, different remote radio heads (RRH), or different cells for example.

In CoMP scenarios, a UE can receive signals from up to 3 transmission points (TP).
During reception, the UE is unaware which of the TP is transmitting. All TPs transmit-
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ting to a particular UE can use the same scrambling sequence for generation of the
user-specific reference signals (DMRS). The same applies for the cell-specific refer-
ence signals (CSI-RS).

According to TS 36.211, the CSI-RS sequence is generated as a function of the vari-
able N ', where N p©S' = N\ unless configured by higher layers. The CSI-RS
sequence can be initialized with the cell identity as it is in the legacy systems and if
CoMP is used, it can be initialized with "virtual cell ID". The latter is introduced to sup-
port measurements from different TPs.

According to TS 36.211, the demodulation reference signals (DMRS) for PDSCH are
generated as a function of the variable n;y and nggp.

® UptoLTE Rel. 11, the np = Njpce!.
The DMRS sequence is initialized with the physical cell identity (PCI) N p°e'.
® |nLTE Rel. 11, the following applies:
- np=Np®or
— If signaled by the DCI or higher-level, np = npPMRS:
Where i = 0, 1 and npPMRSi are two DMRS scrambling identity.

® The ngcpp is the scrambling identity and it is ngcp = 0 or given by the corresponding
field of DCI format 2B, 2C or 2D.

Related settings

See:
® Chapter 4.3.6, "Scrambling configuration settings", on page 161
e "DCI Format 2/2A/2B/2C/2D" on page 208
— DClI format 2C and 2D: "Ant. Port(s), Layers, SCID"
— DCI format 2B: "Scrambling Identity"
® "Scrambling Identity n_SCID" on page 215

Transmission mode TM10 and DCI format 2D

The TM10 is intended for multi-layer PDSCH transmission with up to eight layers and
in case of coordinated multi-point operation (CoMP).

The transmission mode TM10 is similar to the transmission mode TM9. It uses DCI for-
mat 2D that serves the same purpose as the DCI format 2C does for the TM9. Both
formats carry the same information fields but the DCI format 2D comprises four addi-
tional bits. The first two indicate one of four pre-configured sets of parameters and are
related to the rate matching information and the QCL (quasi-co-located) indicator.

Related settings

See:

® "Tx Modes" on page 142

® "Transmission Scheme" on page 213

e "DCI Format" on page 195

e "DCI Format 2/2A/2B/2C/2D" on page 208
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2.2.7 LTE Release 12 introduction

ered by the software option R&S SMW-K113.

For a complete LTE-Advanced (3GPP Rel. 12) technology introduction and an insight
description of the LTE-A features, refer to:

e White Paper 1MA252 "LTE-Advanced (3GPP Rel. 12) Technology Introduction"

O This section gives a brief description only of the LTE-A Rel. 12 features that are cov-

Higher-order modulation (256QAM)

TS 36.213 adds a modulation and coding scheme index table to allow signaling of the
256QAM modulation. The new modulation and coding scheme index table is referred
as MSC table 2.

Related settings

See:

® "DL Frame Configuration" > "User Configuration" > MSC Table

e "MBFSN" > Use Table 2 and Modulation

® "DL Frame Configuration" > "Subframe" > Modulation

® "DL Frame Configuration" > "Dummy Data Configuration" > Modulation

LTE TDD-FDD joint operation including carrier aggregation

Combination of component carriers with TDD and FDD duplexing in both the downlink
and in the uplink, including independent UL/DL configuration per component carrier.

See:

® "General UL Settings" > "CA" > Duplexing
® "General DL Settings" > "CA" > Duplexing

Enhanced interference mitigation & traffic adaption (eIMTA)

elMTA (enhanced interference mitigation & traffic adaptation) is an enhancement to
LTE TDD for UL-DL interference and load management. This feature is also known as
dynamic or flexible TDD.

If eIMTA is used, an eNodeB can change the TDD pattern (TDD UL/DL Configuration)
on a frame basis and adapt the frame structure to the traffic. That is, an eNodeB can
decide to reconfigure a subset of the UL and special subframes to DL subframes. LTE-
Advanced UEs that support eIMTA can receive DL transmissions in these subframes.
An eNodeB does not send an UL DCI to legacy UEs for these subframes, so that leg-
acy UEs cannot schedule UL transmissions in these subframes.

The following layer 1 parameters are supported:

® Dedicated eIMTA-RNTI used for CRC scrambling of the PDCCH
See "DL Frame Configuration" > "User Configuration" > eIMTA-RNTI

® Modified DCI format 1C that indicates the UL/DL configuration numbers (1, 2, ...I).
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Each UL/DL configuration number consist of 3 bits and corresponds to one of the
UL/DL configurations (see Figure 2-5). Each UL/DL configuration is applied for a
specific number of frames, where the number of frames is signaled by higher lev-
els.

See "DL Frame Configuration" > "PDCCH" > "DCI Table" > DCI Format 1C for
elMTA.

According to TS 36.212, further parameters are set by higher-level signaling.

Further DL MIMO enhancements (enhanced 4Tx codebook)

To achieve better system throughput, Rel. 12 introduces a new enhanced 4Tx code-
book as one of the DL MIMO enhancements.

The enhanced 4Tx codebook is specified in TS 36.213.

Figure 2-32 shows an example of the single-layer case. For reference information on
all codebooks, see TS 36.213.
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Figure 2-32: Codebook for 1-leyer CSl reporting [1MA252, TS 36.213]

See:
® "Use Alternative Codebooks" on page 227
® "Use Alternative Codebooks" on page 215

2.2.8 LTE Release 13/14 introduction

This section gives a brief introduction only of the LTE-A Rel. 13 features that are cov-
ered by the software option R&S SMW-K119.

For technical details, refer to the 3GPP Rel. 13 specifications TS 36.211, TS 36.212
and TS 36.213.

Up to LTE Rel. 12, all LTE networks use licensed spectrum bands. LTE Rel. 13 adds
among others the downlink LAA (license assisted access) functionality. It enhances the
carrier aggregation concept to use the unlicensed 5 GHz spectrum of the ISM (indus-
trial, scientific and medical) band.
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Figure 2-33: Carrier aggregation of licensed and unlicensed spectra [Rohde & Schwarz poster "Evo-
lution of Carrier Aggregation (3GPP Releases 10 to 13)"

Mechanisms for spectrum sharing

Since the unlicensed spectrum has to be shared fairly, LTE is extended to include the
following mechanisms:

® (Clear channel assessment (CAA) based on listen-before-talk (LTB) functionality

® Discontinuous transmission (DTX) on a carrier with maximum channel occupancy
time (MCOT)

® Dynamic frequency selection (DFS) for radar avoidance in certain bands

LAA SCells

Foreseen is a carrier aggregation of up to five component carriers, where the PCell
must be within the licensed spectrum. Up to four component carriers (SCells) can use
unlicensed frequency bands and span a 20 MHz channel bandwidth. Each component
carrier can use a 2x2 MIMO operation. LAA SCells support only downlink operation by
using frame structure type 3 with normal cyclic prefix (CP). LAA SCells do not support
transmission modes 5, 6 and 7 for PDSCH.

Related settings

See:
® "General DL Settings > Carrier Aggregation" > Duplexing

2.2.8.1 Frame structure type 3 (LAA) and partial subframes

The frame structure type 3 is applicable for LAA SCells. It allows DL transmission in
bursts with burst duration of up to 10 ms, where the 10 ms correspond to the allowed
MCOT. Except from the discovery reference signal (DRS), channels cannot be sent
outside the bursts.

LAA SCell using frame structure type 3 is always regarded as FDD component carri-
ers. Hence, depending on the duplexing mode the PCell uses, the resulting configura-
tion is FDD only or carrier aggregation with mixed TDD-FDD component carriers.
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Radio frames with frame structure type 3 are 10 ms, composed of 20 slots with length
of 0.5 ms each. Two consecutive slots build a subframe. Downlink transmission uses
one or more consecutive subframes, starting at the first or seventh symbol within a
subframe and ending with the last subframe. The last subframe can be either fully
occupied or following one of the DwWPTS durations, specified for frame structure type 2
(see "Frame structure type 2 (TDD)" on page 22).

LAA DL burst
s

e ~
Ve >
4 PDCCH ~ o
& ~
| I | B roscH B | R
L
<«—1 ms—» PCell subframes
< MCOT >
Figure 2-34: DL LAA burst transmission
LAA DL burst = Example of burst consisting of 3 consecutive and 2 partial subframes
PCell = LTE primary cell
MCOT = Maximum channel occupancy time < 10 ms
1ms = LTE PCell and LAA SCell slot duration

PDCCH, PDSCH = Channels are always sent within the bursts
Partial subframe = Starting at second slot boundary and ending as a DWPTS subframe

Partial subframes

LTE Rel. 13 introduces the concept of partial subframes, where the following applies:

® Starting subframe
LAA DL burst can start at the LTE subframe boundary (subframeStartPositon)
or at the boundary of the second slot of a subframe
(secondSlotStartingPositon).
A partial starting subframe is followed by a subframe with all symbols used.

® Ending subframe n
The last subframe of a LAA DL burst can end on the LTE subframe boundary or on
a symbol boundary as in DWPTS (endingDwPTS)
Thus, the duration of the last subframe of a DL LAA burst can consist of 14 OFDM
symbols or of 3, 6, 9, 10, 11 or 12 OFDM symbols. Where the lalter corresponds to
the Downlink Pilot Time Slot (DwPTS) structure of the TDD frame.
Ending subframe is configured by the dedicated DCI format 1C, see Chap-
ter 2.2.8.2, "DCI format 1C", on page 57.

Related settings

See:
e "DL Frame Configuration" > LAA

2.2.8.2 DCIlformat1C

DCI format 1C carries the field "Subframe Configuration for LAA" which specifies the
number of symbols to be used for transmission.
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Assuming n is the last subframe, DCI format 1C can be sent in the following ways:
® norn-1:
In the next-to-last subframe (n-1) or in the last subframe n.

® nandn-1:
If present in both, then both subframes have to use identical subframe configura-
tion.

® n!
If "Subframe Configuration for LAA < 14", no other physical channels are sent in
subframe n

Related settings

See:
® "DL Frame Configuration > (E)PDCCH > DCI Table" > User

e "DL Frame Configuration > (E)PDCCH > DCI Table > DCI Format = 1C" > DCI For-
mat 1C for LAA

2.2.8.3 Physical channels and signals in an LAA SCell

LAA SCell supports:
® PDSCH, (E)PDCCH, CRS, CSI-RS and DRS

LAA SCell does not support:
e PHICH, PBCH and PMCH

Discovery reference signal (DRS)

DRS is 1ms (or 12 OFDM symbols) long and is transmitted at most once in any sub-
frame during periodical occasions refereed as DRS measurement timing configuration
(DMTC). The DMTC occasions have duration of 6 ms and a configurable period of 40
ms, 80 ms or 160 ms.

DMTC period
W DRS
loffsetl LBT | \
S e ‘ @ PDSCH

[ | [ | [J DRS occasion

|
alo[1]z]3]al5 Subframes

Figure 2-35: DRS allocation

DRS = Discovery reference signal

LBT = Listen-before-talk

DMTC = DRS measurement timing configuration

DRS occasion = Subframes during the DMTC period where DRS can occur
PDSCH = Physical DL shared channel

If part of DRS, PSS and SSS are always transmitted, regardless of the subframe
where the DRS occasion appears. Simultaneous transmission of DRS and PDSCH/
(E)PDCCH is allowed in subframe#0 and subframe#5.
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Related settings

See:
® "General DL Settings > Signals" > "DRS"
® "General DL Settings > Signals > DRS" > CSI-RS > "Config"

2.2.8.4 Full dimension MIMO (FD-MIMO)

Full Dimension MIMO is a MIMO method that employs antennas capable of beam
steering in the 3D space. This 3D steering is realized by an antenna system that can
form horizontal and vertical beams.

A vertical beam steering allows for focusing on different floor of a multi-story building,
whereas horizontal beams facilities MU-MIMO transmission, as described in Chap-
ter 2.2.5.3, "Enhanced MIMO schemes", on page 49. Antenna focusing in the vertical
axis is also known as elevation beam steering; similarly, the horizontal one is referred
to as azimuth beam steering.

Precise 3D beam steering requires measuring and reporting channel state information
for each beam separately. The CSI-RS structure specified in the LTE standards up to

LTE Rel. 12 is sufficient for the MU-MIMO case but not for the requirements of the 3D
MIMO scenarios.

Thus, LTE Rel. 13 extends the specification to include multiple CSI-RS configurations
per cell. It also extends the range of supported antenna ports by allowing transmission
on AP 23 to AP 46. Moreover, it introduces a CDM scheme to support the mapping to
the physical resources.

According to TS 36.211, CSI reference signals are transmitted on 1, 2, 4, 8, 12, 16, 20,
24, 28, or 32 antenna ports. Since there are a total number of 32 antennas and eight
different CSI configurations, the specification limits the amount of possible combination
by applying an aggregation rule. Table 2-8 lists the possible combinations.

Table 2-8: Aggregation of CSI-RS configurations [TS 36.211]

Total number of antenna ports | Number of antenna ports per Number of CSI-RS configura-
Csl* csl CSI-RS configuration tions
Nres Nports
NportsCSI NresCSI

12 4 3

16 8 2

20 4 5

24 8 3

28 4 7

32 8 4

Related settings

See:
® Chapter4.2.7.4, "CSI-RS settings", on page 116
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® Chapter 4.5, "DL antenna port mapping settings", on page 222

2.2.8.5 PUCCH formats 4 and 5

From LTE Rel. 14 on, the specification is extended with carrier aggregation of up to 32
carriers, both in the downlink and in the uplink direction. For the carrier aggregation in
uplink, two new PUCCH formats are defined, PUCCH format 4 and PUCCH format 5.

Carrier aggregation with more than 5 carriers is not supported by the current firmware
version, but you can configure the PUCCH formats. Other than in all other PUCCH for-
mats, PUCCH format 4 spans more than one contiguous resource blocks and thus
uses larger resource block in the time domain.

For overview information on the PUCCH formats, see Chapter 2.2.2.3, "Uplink control
information transmission", on page 37.

Related settings

See:

® "Range n(4) PUCCH/Range n(5) PUCCH" on page 255

® "Number of Antenna Ports for PUCCH per PUCCH Format" on page 269
® Chapter 4.10, "Enhanced PUCCH settings", on page 333

2.2.8.6 TDD special subframe configuration 10

From LTE Rel. 13 on, the specification is extended to support special subframe config-
uration 10, both in the downlink and in the uplink direction. The PUSCH in UpPTS fol-
lows a cell-specific configuration and can be configured independently for each user.

For overview information on the TDD frame structure, see "Frame structure type 2
(TDD)" on page 22.

Related settings

See:

® Chapter 4.2.6, "TDD frame structure settings”, on page 108
® "TDD Special Subframe Config" on page 83

® "TDD Special Subframe Config" on page 237

® "PUSCH in UpPTS" on page 278

2.2.8.7 DMRS enhancements and DCI format 2C/2D

Starting from LTE Rel. 13, the transmission modes TM9 and TM10 can utilize new
antenna ports, the AP11 and AP 13, for one or two-layer transmissions and for transmit
diversity.

DCI format 2C/2D carry the field "Ant. Port(s), Layers, SCID" which specifies the com-
bination of used antenna ports, scrambling identity and number of layers (TS 36.212).
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The value range of this field depends on the higher-layer parameters semiOpenLoop
and dmrs-tableAlt.

Related settings

See:

e "DL Frame Configuration > General > Configure User > Tx Mode = TM9|TM10" >
DMRS Alt Table and Semi Open Loop

® "DL Frame Configuration > (E)PDCCH > DCI Table > DCI Format = 2C/2D" > DCI
Format 2/2A/2B/2C/2D

® "DL Frame Configuration > General > Configure User > Tx Mode = TM9|TM10 >
Antenna Mapping > Config" > User-Specific Antenna Port Mapping

e "DL Frame Configuration > Subrame > PDSCH > Enchanced Settings > Config" >
Number of Layers, Antenna Ports and Mapping Table
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3 Find out the implemented 3GPP specifica-
tion
The Info dialog displays the currently supported version of the 3GPP standard.

Access:

» Select "EUTRA/LTE > Info".

All supported features are in line with 3GPP release 15, i.e. the following official
3GPP specifications are implemented:

— X
uto Internal

$36.211 Physical Channels and Modulation ~ 15.6.0

§36.212 Multiplexing and Channel Coding 15.6.0

$36.213 Physical Layer Procedures 15.6.0

The default settings and parameters provided are oriented towards the specifica-
tions of the version displayed.

Remote command:
[:SOURce] :BB:EUTRa : VERSion? on page 687
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4 EUTRAILTE configuration and settings

Access:

» Select "Baseband > EUTRA/LTE".

The remote commands required to define these settings are described in Chapter 11,
"Remote-control commands", on page 681.

®  General SEtNGS. ... .ueiii e 63
e General DL settings / general TDD DL Settings.......ccceiiiieeieiiiiiieeeiiiiieeee e 71
e DL frame configuration Settings........cccueiriiiiiiiii i 136
e Enhanced PBCH, PDSCH and PMCH settings.........ccccveeiiiieiiiiiiiicciiieeeeeeeeeeen, 211
e DL antenna port mapping SEtHNGS........uuuiiiiiiiiiiiiiie e 222
®  General UL SEtNGS. .. . et e e e e e 229
e UL frame configuration Settings..........cuoeiiiiiiiiiii e 255
e User equipment coNfiguIration.........cceeveerieiie i 265
o Enhanced PUSCH SettingsS......ccuuiiiiiiiiiiei e 323
e Enhanced PUCCH Settings.......ccccuuiiiiiiiiieie et e e 333

4.1 General settings

Access:

» Select "Baseband > EUTRA/LTE > General".

T - |
General [ser QISR [P LS g hotch
Auto Internal Filter

Set To ! Generate
o Default @Recall | Save 9 Waveform
eTesl Case Wizard ... eLogfile Generation ...
Mode Duplexing
LTE | FDD |
Link Direction @Tesi Models ...
Downlink (OFDMA)
General Settings ... Frame Configuration ...
Filter/Clipping/ARB/TDW/Power ... e ’ .
@ LTE / Clip Off / 1 Frames U-Plane Generation .

This dialog comprises the standard general settings, to the default and the "Save/
Recall" settings, as well as setting for defining the link direction or the used duplex-
ing mode and access to dialogs with further settings. The choice of link direction
determines which parameters are available.

Provided are the following settings:
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S ALttt e e e ——————————— e aaaaaaaaees 64
St 10 DEfAUIL......cceeeeeee e e e e e e e e e e e e e e e eeaeaara—a 64
SAVEIRECAIL.....ceeeeeeeeee e e e —————— 65
GENErate WaVE oM. ... et e e s e e e e e e e e e e e e e e e e e e e eeeeeeaesraraaanas 65
LTS A 0= T I 2= o SR 66
(o7 ) {1 LY €1=T 0 =T =1 4] o TR 66
1oL = TP 66
DU o] =5 ] o o T PP PR PP 66
[T S 9 =Y o3 1 o 66
=253 011, o Yo 1= S 67
General DL Settings/General UL SetlingsS.......cccovieiicciiiiiiiieiee e e e 70
Frame Configuration...........cocii it e e e e e e e s n e 70
Filter/Clipping/ARB/TDW/Power SettiNgS........uuuuuuiiiiiiiieiiiie e e 70
(W T TN 1=t o 1= =) o] o P 70
State

Activates the standard and deactivates all the other digital standards and digital modu-
lation modes in the same path.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:STATe on page 683

Set to Default
Calls the default settings. The values of the main parameters are listed in the following

table.

Parameter Values

State Not affected by "Set to Default”
Duplexing FDD

Link Direction Downlink (OFDMA)
Sequence Length 1 Frame

DL Channel Bandwidth 10 MHz

Physical Resource Block Bandwidth 12 * 15 kHz
Number Of Resource Blocks per Slot 50

Occupied Bandwidth /MHz 9.015

Sampling Rate /MHz 15.360

FFT Size 1024

Cell ID 0

Cyclic Prefix Normal

PHICH Duration Normal

Global MIMO Configuration 1 TxAntenna
Simulated Antenna Antenna 1
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Remote command:
[ :SOURce<hw>] :BB:EUTRa: PRESet on page 685

Save/Recall

Accesses the "Save/Recall" dialog, i.e. the standard instrument function for storing and
recalling the complete dialog-related settings in a file. The provided navigation possibil-
ities in the dialog are self-explanatory.

The file name and the directory it is stored in are user-definable; the file extension is
however predefined.

See also, chapter "File and Data Management" in the R&S SMW user manual.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:SETTing:CATalog on page 685
[ :SOURce<hw>] :BB:EUTRa:SETTing:LOAD on page 685

[ :SOURce<hw>] :BB:EUTRa:SETTing:STORe on page 686

[ :SOURce<hw>] :BB:EUTRa:SETTing:DEL on page 685

Generate Waveform

With enabled signal generation, triggers the instrument to save the current settings of
an arbitrary waveform signal in a waveform file with predefined extension * . wv. You
can define the filename and the directory, in that you want to save the file.

Using the ARB modulation source, you can play back waveform files and/or process
the file to generate multi-carrier or multi-segment signals.

If the current configuration uses coupled baseband sources with more than one Tx
antenna (for example "System Config > Baseband (Tx Antennas) = 2"), with this func-
tion you trigger the software to generate the signals of all antennas. Created is a sub-
set of waveform files, where the number of files corresponds to the number the cur-
rently simulated antennas and the file names have the following structure:
<user-defined file name><antenna#-1>.wv.

Example:

Select "System Config > Fading/Baseband Config > Mode > Advanced"

Select "System Config > Fading/Baseband Config > Baseband (Tx Antennas) = 4"
Select "System Config > Fading/Baseband Config > BB Source Config > Coupled"
Select "Baseband > EUTRA/LTE > General > State > On"

Select "EUTRA/LTE > General > Generate Waveform > On"

In the "Generate Waveform" dialog, use the default directory and enter "File Name =

Ite".

Select [SAVE/RCL], select "File/Recall > File Manager" and in the directory tree open
the default directory.

Displayed are four files, 1te.wv, 1tel.wv, 1te2.wv and 1te3.wv.
Note: If realtime feedback is used, the waveform file is generated as if realtime feed-

back is not used, see Chapter 5.6, "Real-time feedback configuration settings",
on page 356
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:WAVeform:CREate on page 687

Test Case Wizard
Accesses the "Test Case Wizard" dialog, see Chapter 8, "Performing BS tests accord-
ing to TS 36.141", on page 531.

Logfile Generation
Option: R&S SMW-K81

Accesses the dialog for configuring the settings for generation of lodfiles.

For description, see R&S SMW LTE/5G Logfile Generation user manual.

Mode
In instruments equipped with options R&S SMW-K55 and R&S SMW-K115, selects the
standard to that the displayed settings belong.

If the instrument is equipped with one of these two options, the corresponding mode is
selected automatically but the parameter "Mode" is not displayed.

"Mode" Description Required options
"LTE" Standalone LTE R&S SMW-K55
loT related settings and parameters are hidden. | (optionally also R&S SMW-
K85)
"eMTC/NB-loT" Standalone loT R&S SMW-K115

Configuration of parameters specified only for
LTE is not possible.

"LTE/eMTC/NB-loT" Mixed LTE and loT R&S SMW-K55 and

Allows mixed LTE and loT configurations, for R&S SMW-K115

example for interoperability tests.

Remote command:
[ :SOURce<hw>] :BB:EUTRa: STDMode on page 684

Duplexing
Selects the duplexing mode. The duplexing mode determines how the uplink and
downlink signals are separated.

"TDD" In TDD mode, the same frequency is used for both directions of
transmission (uplink and downlink). With one baseband, either only
downlink or only uplink can be generated.

"FDD" In FDD mode, different frequencies are used for downlink and uplink
directions.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DUPLexing on page 684

Link Direction
Selects the transmission direction.
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"Downlink (OFDMA)"
The transmission direction selected is base station to user equip-
ment. The signal corresponds to that of a base station. For the down-
link, the physical layer mode is always set to OFDMA.

"Uplink (SC-FDMA)"
The transmission direction selected is user equipment to base sta-
tion. The signal corresponds to that of a user equipment. For the
uplink, the physical layer mode is always set to SC-FDMA.

Remote command:

[ :SOURce<hw>] :BB:EUTRa : LINK on page 684

Test Models
Accesses a dialog for selecting of:
® One of the EUTRA Test Models (E-TM) defined in TS 36.141

EUTRA/LTE : Import FDD/DL Testmodel — ) 4

E-TM1_1_10MHz

E-TM1_1__15MHz
E-TM1_1_1_4MHz
E-TM1_1__20MHz
E-TM1_1_3MHz

E-TM1_1_5MHz

j File
e Manager ...

® One of the NB-loT Test Models (N-TM) defined in TS 36.141.
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EUTRA/LTE A: Import FDD/DL Testmodel —_— X

N-TM_Guardband
N-TM_Guardband_With_E_TM1_1

N-TM_Inband_DifferentPCl
N-TM_Inband_SamePCI

N-TM_Inband_With_E_TM1_1

N-TM_Standalone

File
@de [ @Manager [

® Self-defined test setups
Use "Recent Files" button to display the files last used.
"File Manager" button opens the dialog to load or save configuration files. See also
the section File and Data Management in the R&S SMW user manual.

The DL test models are predefined configurations of LTE settings. Three main groups
of test models are defined, the E-TM1, E-TM2 and E-TM3. All test models use the fol-
lowing parameters:

® Single antenna port, single codeword, single layer and no precoding

Duration of one frame

Normal cyclic prefix

Localized virtual resource blocks, no intra-subframe hopping for PDSCH
UE-specific reference signals are not used

The data content of the physical channels and signals is defined in the 3GPP specifica-
tion. Each test model is defined for six different channel bandwidths: 1.4 MHz, 3 MHz,
5 MHz, 10 MHz, 15 MHz and 20 MHz. The test models are defined for specific test pur-

pose.
EUTRA test model Defined for tests on
E-TM1.1 ®  BS output power
®  Unwanted emissions
®  Transmitter intermodulation
® RS absolute accuracy
E-TM1.2 * ACLR
®  QOperating band unwanted emissions
E-TM2 ®  Total power dynamic range (lower OFDM symbol power limit at min power)
® EVM of single 64QAM PRB allocation (at min power)
®  Frequency error (at min power)
E-TM2a ®  Total power dynamic range (lower OFDM symbol power limit at min power
for 256QAM)
® EVM of single 256QAM PRB allocation (at min power)
®  Frequency error (at min power)
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EUTRA test model Defined for tests on

E-TM2b ®  Total power dynamic range (lower OFDM symbol power limit at min power
for 1024QAM)

® EVM of single 1024QAM PRB allocation (at min power)

®  Frequency error (at min power)

E-TM3.1 ®  Qutput power dynamics
®  Transmitted signal quality (Frequency error and EVM for 64QAM modula-
tion, at max power)

E-TM3.1a ®  Output power dynamics for 256 QAM
®  Transmitted signal quality (Frequency error and EVM for 256 QAM modula-
tion, at max power)

E-TM3.1b ®  OQutput power dynamics for 1024QAM
®  Transmitted signal quality (Frequency error and EVM for 1024QAM modu-
lation, at max power)

E-TM3.2 Transmitted signal quality:
®  Frequency error
® EVM for 16QAM modulation

E-TM3.3 Transmitted signal quality:
®  Frequency error
® EVM for QPSK modulation

E-TM3.2 Transmitted signal quality:
®  Frequency error
® EVM for 16QAM modulation

E-TM3.3 Transmitted signal quality:
®  Frequency error
® EVM for QPSK modulation

The NB-loT DL test models (N-TM) are predefined configurations of settings for NB-loT
tests. Supported are the following N-TMs:

NB-loT guard band operation

NB-loT guard band operation in combination with LTE E-TM1.1 carriers

NB-loT in-band operation, where NB-loT and LTE use different PCls

NB-IoT in-band operation, where NB-loT and LTE share the same PCI

NB-loT in-band operation in combination with LTE E-TM1.1 carriers

NB-IoT standalone operation

According to TS 36.141, all test models use the following parameters:
Single antenna port

Duration of 10 subframes or 10 ms

Normal cyclic prefix

The ration of synchronization signal EPRE and NRS EPRE is 0 dB
NPDCCH format 1

With the option R&S SMW-K175 for O-RAN, the following test models in line with
3GPP TC 32.37x specifications are supported:

ORAN-TC32371__x_yMHz

ORAN-TC32372__x_yMHz

ORAN-TC32373__x_yMHz

ORAN-TC32374__x_yMHz

ORAN-TC32375__x_yMHz

ORAN-TC32376__x_yMHz

ORAN-TC32376_TM3__x_yMHz

User Manual 1175.6703.02 — 34 69



EUTRAI/LTE/loT EUTRAI/LTE configuration and settings

General settings

e ORAN-TC32376_TM4__x yMHz

Where x € {FDD, TDD}

Wherey € {1 4, 3, 5, 10, 15, 20}

Example: ORAN-TC32371__ FDD_1_4MHz, ORAN-TC32376_TM3__TDD 5MHz

Remote command:
[ :SOURce<hw>] :BB:EUTRa:SETTing:TMOD: DL on page 686
[ :SOURce<hw>] :BB:EUTRa:SETTing:TMOD:TDD on page 686

General DL Settings/General UL Settings
Accesses the "General DL Settings / General UL Settings" dialog for configuring the
EUTRA/LTE system.

For description of the available settings, refer to Chapter 4.2, "General DL settings /
general TDD DL settings", on page 71 and Chapter 4.6, "General UL settings",
on page 229 respectively.

Remote command:
n.a.

Frame Configuration
Accesses the "Frame Configuration" dialog for configuring the allocation of the
resource blocks to the different users, as well as the configuration of the users.

The available settings depend on the selected link direction. For description, refer to
Chapter 4.3, "DL frame configuration settings", on page 136 and Chapter 4.7, "UL
frame configuration settings", on page 255 respectively.

Remote command:
n.a.

Filter/Clipping/ARB/TDW/Power Settings

Accesses the dialog for setting baseband filtering, clipping, and the sequence length of
the arbitrary waveform component, see Chapter 10.2, "Filter/clipping/ARB settings",

on page 655.

U-Plane Generation

Option: R&S SMW-K175

Opens a dialog to turn user plane data generation according to the O-RAN standard on
and off.

The selected mode (Baseband > EUTRA/LTE > General > Mode) specifies the type of
data to be generated: LTE, NB-loT, or both.

EUTRA/LTE A: U-Plane File Generation — X

U-Plane State

For the supported O-RAN test models, see "Test Models" on page 67
For more information, see Chapter 9, "Generating user plane data", on page 652.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:UPLane: STATe on page 688

4.2 General DL settings / general TDD DL settings

The "General DL Settings" dialog allows you to configure the EUTRA/LTE system for
transmission direction downlink, i.e. the signal of one BS or one cell.

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings".

The EUTRA/LTE standard defines no differences between TDD and FDD signals
on the physical layer if only one link direction is considered at once. Therefore, the
"General TDD DL Settings" dialog comprises the same parameters as the "General
DL Settings" dialog but is extended with the TDD frame structure settings tab.

The "General DL Settings" dialog consists of several sections:

o PDSCH scheduling SEtliNgS....cccceiiieiiicciiiieeie e a e 71
e DL carrier aggregation configuration.........ccccooeveiiiiiiiii e 73
®  MBSFN SEHINGS. ..t e e e e ————— 86
®  Physical SettiNgS. ... . 100
0  Cell-SPeCifiCc SELHNGS. .. ueiiiieieii e 104
o TDD frame structure Settings..........cuiiiiiiiiii i 108
o  Downlink SiIgNals SETHNGS. ..uuiiiiieiii it a e 109
o  Antenna Ports SEHINGS.....uuuuuuiiciiieie e 133

4.2.1 PDSCH scheduling settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".
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2. Select "General Settings > Scheduling".

EUTRA/LTE A: General DL Settings

Scheduling Physical/TDD . Antenna Ports
Ve s AL Al O _
PDSCH Scheduling

Manual

In the "Scheduling" section, you define whether the PDSCH Scheduling is per-
formed manually, according to the configuration made for the DCls or according to
the required HARQ processes and redundancy versions.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL: CONF : MODE on page 711

Overview of the scheduling methods

In the R&S SMW, there are different approaches to configure and schedule the differ-
ent PDSCH allocations:

® Manually and with full flexibility ("Manual")
This is the default scheduling mode and the mode with full flexibility; you can con-
figure any of the available settings.
There is no cross-reference between the settings made for the PDCCH DCls and
the PDSCHs settings. The configuration is performed on a subframe basis and you
are responsible for the content of the PDSCH allocations.

® According to the configuration made for the DCls ("Auto/DCI")
This is the mode supporting you to configure the precoding settings for spatial mul-
tiplexing according to TS 36.211.
This mode assures a 3GPP compliant EUTRA/LTE signal and the PDSCH alloca-
tions are configured automatically according to the configuration of the PDCCH
DCls.
There are however limitations in the configuration flexibility, especially regarding
the power setting, see "Limitations and interdependencies in the Auto/DCI and
Auto Sequence modes" on page 73.
See also "Switching between "Auto/DCI" and "Manual” modes" on page 73.
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Limitations and interdependencies in the Auto/DCI and Auto Sequence modes
The generation of a compliant signal requires some limitations in the configuration flex-
ibility, especially regarding the power setting:

® The value of the parameter Reference Signal Power is fixed to 0dB.

® The PDSCH Rho A of each allocation belonging to a user is set as configured with
the parameter P_A for the corresponding user in the "Configure User" dialog.

® All four users are activated with enabled Scrambling and Channel Coding.
® Not all combinations of DCI Table, Users and UE_ID/n_RNTI are allowed, see

Table 4-1.
Table 4-1: DCI Formats dependencies
User UE ID/n_RNTI DCI Format
User x As defined for the corresponding user 0,1,1a,1b,1d,2,2a,2c,3,3a
P-RNTI 65534 1a,1c
SI-RNTI 65535
RA-RNTI As defined with the parameter "General DL Setting"

> RA_RNTI

Switching between "Auto/DCI" and "Manual™ modes

® Switching from "Auto/DCI" mode to "Manual”
Enables all parameters in the DL allocation table for configuration without to
change their values.

® Switching from "Manual" to "Auto/DCI" mode
Triggers a reset of the subframe configuration prior to reconfiguration of the
PDSCH allocations according to the settings made for the PDCCH DCls, that is the
settings made in the DL allocation table are lost.

4.2.2 DL carrier aggregation configuration

Option: R&S SMW-K55 and R&S SMW-K85.

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".
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2. Select "General DL Settings > CA".

EUTRA/LTE A: General DL Settings

[T S
Scheduling Physical enna Ports

Activate Carrier Aggregation

0.000 000
0.000 000 2 Config... | 0.00 0 off
0.000 000 3 Config... | 0.00 0 off
0.000 000 4 Config... | 0.00 0 off
PCell (FDD)
D D D D D D D D D D

The "General DL Settings > CA" dialog provides the settings for the configuration
of one primary cell (PCell) and up to four secondary cells (SCell). In real system,
the RRC messages signal all the relevant system information for a certain SCell. In
this implementation, all relevant and configurable SCell settings are grouped in the
"Carrier Aggregation" dialog. The remaining cell-specific settings are identical for
all component carriers.

The available settings depend on the current "System Configuration" settings, in
particular on the selected "BB Source Config".

EUTRA/LTE A: General DL Settings

Scheduling Physical Antenna Ports

| Activate Carrier Aggregation |

0 |10MHz| FDD 0 Config... | 0
1 1 [10MHz| FDD 0 v | config..| 0
2 2 |10MHz| FDD 2 Config... | 0 off
3 3 |10MHz| FDD 3 Config... | 0 off
4 4 | 10MHz| FDD 4 Config... | 0 off

SCell 1 (FDD)

D D D D D D D D D D

Figure 4-1: General DL Settings > Carrier Aggregation dialog in System Config > Fading and
Baseband Configuration > BB Source Config > Coupled Sources
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About DL carrier aggregation

This section lists implementation-related information. For background information on
this topic, refer to Chapter 2.2.5, "LTE Release 10 (LTE-Advanced) introduction”,
on page 46.

In this description, the terms cell and component carrier (CC) are used interchangea-
bly.

SCell settings derivation

The settings of each component carrier are calculated automatically form the config-
ured PCell settings. They depend on the parameters in the "DL Carrier Aggregation
Configuration" dialog. The following list provides an overview of the restrictions and
interdependencies between related parameters if DL carrier aggregation is enabled:

® Combination of FDD and TDD is supported in "PDSCH Scheduling > Auto/DCI and
Auto Sequence" modes

® Combination of TDD carriers with different UL/DL configuration or special subframe
configuration is supported in "PDSCH Scheduling > Auto/DCI and Auto Sequence”
modes

® Simultaneous support of LTE and LTE-A users is provided
(See User configuration settings > Activate CA).

® To enable cross-carrier scheduling, the DCI formats are extended to support the
CIF field.
The DCls have to be configured individually per component carrier.

® The "Control Region for PDCCH" and the PHICH parameters "PHICH Duration"
and "PHICH N_g" can have different values in the component carrier. The compo-
nent carriers use different Number of PHICH Groups, because the number of
PHICH groups is calculated based on the parameter "N_g".
The cell-specific settings in the "Cell" tab correspond to the configuration of the
PCell.

® |f a SCell spans channel bandwidth with fewer RBs than the PCell, the instrument
ignores the allocations or part of the them that is outside of the SCell channel
bandwidth.

Supported LTE-A bandwidth

The LTE specification defines a maximum Channel Bandwidth of 20 MHz and aggrega-
tion of up to 5 component carriers. This achieves a 100 MHz bandwidth.

The maximum bandwidth of the generated LTE-A signal depends on the installed
options. Using the maximum sampling rate, the R&S SMW equipped with the options
R&S SMW-B10/K522 can internally generate signals with up to 160 MHz RF band-
width. With the options R&S SMW-B9/K527, the maximum bandwidth is up to 2 GHz.

For more information, see data sheet.
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4.2.2.2 How to enable carrier aggregation and cross-carrier scheduling

This section provides step-by-step instructions on how to use the settings to generate
an LTE-A signal.

To enable carrier aggregation and cross-carrier scheduling in coupled mode

The R&S SMW generates the required signal in system configuration with coupled
baseband sources.

1. Select "System Config > Fading and Baseband Configuration > Mode > Advanced"

2. Enable a suitable LxMxN configuration, for example:

a) For an LTE-A carrier aggregation scenario without MIMO, enable a 2x1x1 con-
figuration, that is "Entities = 2", "Basebands = 1", "Streams = 1"

b) For an LTE-A carrier aggregation scenario with 2x2 MIMO each component
carrier, enable a 2x2x2 configuration, that is "Entities = 2", "Basebands = 2",
"Streams = 2"

3. Select "BB Source Config > Coupled Sources".
Select "Apply".

4. For intra-band 2x2x2 scenario:

a) Select "System Config > 1/Q Stream Mapping".
Enable "Combination > Add".
Route the streams A and C to RF A and streams B and D to RF B.
For more information, see the R&S SMW user manual.

b) Apply an identical frequency offset for streams C and D, e.g. 20 MHz.
This frequency offset determines the spacing of the two component carriers.
For larger component carrier spacing, apply also a negative frequency offset
for streams A and B.

5. Select "Baseband > EUTRA/LTE".
6. Select "General DL Settings > Scheduling > PDSCH Scheduling > Auto/DCI".
7. Select "General DL Settings > CA".

The "Activate Carrier Aggregation > On" parameter confirms that carrier aggrega-
tion is enabled automatically. Activated are two component carrier with 10 MHz
bandwidth each.

The number of active component carriers depends on the selected "System Con-
figuration".
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EUTRA/LTE A: General DL Settings

Schedullng Physical Antenna Ports

| Activate Carrier Aggregation |

0 |10MHz| FDD 0 Config... | 0
1 1 |10MHz| FDD 0 V! | config..| 0
2 2 |10MHz| FDD 2 Config... | 0 off
3 3 |10MHz| FDD 3 Config... | 0 off
4 4 | 10MHz| FDD 4 Config... | 0 off

SCell 1 (FDD)

D D D D D D D D D D

8. To enable cross-carrier scheduling for the second component carrier:

a) Set the "schedCell Index = 0".

The component carrier SCell#1 can be cross-scheduled over the PCell.
b) Enable the "CIF Present" parameter.

The component carrier SCell#1 is cross-scheduled over the PCell.

9. Select "General DL Settings > Antenna Ports" to verify the configured "Cell" per
Baseband (BB) configuration.

Schedullng Physical ‘Antenna Ports

Global MIMOQ Configuration

2Tm&n1;enna|sv
Cell-specific Antenna Port Mapping

Mapping Coordinates

-

Cartesian

SCell 1

10. Select "EUTRA/LTE > DL Frame Configuration".
Configure the settings, for example:
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Select "User > User x > Tx Modes = 9/9".

Select "(E)PDCCH > Subframe#0".

Select "Append" to add a second row in the DCI table.

Set the same "Cell Index = 0" to enable cross-carrier scheduling.

Set the "DCI Format". For example, select "DCI Format = 2C" for the 2x2x2
configuration.

UE_ID |Cell DCI Search (E)PDCCH| Number |(E)CCE|No.Dummy
= SR e e (IR G R o e e (COHIEDY i (FIEGES | Indexhll (E]CCES R o
0 User1 0 0 a PDCCH 2C Auta | Config 0 1 9 0
1 User1 0 0 ] PDCCH 2C Auta | Config 0 1 10 12

e) Select "Content > Config".
Adjust the settings for the component carriers as required, for example:
For the PCell set:
e "Carrier Indicator Field = Q0"
e "Resource Block Assignments = 131071"
For the SCell set:
e "Carrier Indicator Field = 1"
e "Resource Block Assignment = 100000"
f) Use the "Copy/Paste" function to fill the subframes with the settings of sub-

frame#0.

Select "DL Frame Configuration > Time Plan".
Compare the configuration of both cells: toggle the display with the parameter "Cell
= PCell" and "Cell = SCell (Index 1)".

EUTRA/LTE A: Time Plan — X
Cell 1st Subframe®| Subframes || View Mode
PcCell 0 10 VRB
OFDM Symbols
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 B5 90 95 100105 110 115 120 125 130 135 140
sn 1 1 L 1 1 11 L 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1l 1 1 11 1 1 L 1
45
40
35
-
230
-] Nt
825 ] ]
gzn N
(-3
15
10
5
0
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10
Time (/ms)
USER1[USER2[USER3 EPDCCH1 [PBCHMBSFN]

ﬁEFERs;GSIﬁemePower CSI-S-SYHC DTX | Dummy
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EUTRA/LTE A: Time Plan — X
Cell 1st Subframe®|| Subframes | View Mode
ScCell 1 (Index 1) 0 10 VRB
OFDM Symbols

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140

45
40

35
E 30

3 0y |

15

10

75 8 85 9 95 10

[PBCH[MBSFN|

~

0 0.5 1 1.5 2 2.5 3 35 4 45 5 55 6 6.5
Time (/ms)

L‘Q{i.:g@ eroTxPower CSI Dummy

12. Select "EUTRA/LTE State > On".

13. If necessary, use the Fading simulator to configure the propagation conditions.
For example, for both entities, select "Fading > Fading Settings".
Select "Standard > LTE-MIMO > ETU 70Hz Medium".
Set "State > On".

14. Adjust the RF frequency of both RF outputs.
15. Activate the RF outputs.

T
— —
. .
Vv
Y
—— —
. .
om
Qc

Figure 4-2: Example: Intra-band 2x2x2 LTE carrier aggregation
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To enable carrier aggregation and cross-carrier scheduling

The instrument generates the required signal in system configuration with separate
baseband sources.
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In the following, a general example is provided. Only the related settings are dis-
cussed.

Select "System Config > Fading and Baseband Configuration > BB Source Config
> Separate Sources"

Select "Baseband > EUTRA/LTE".
Configure the settings of the PCell as required. For example, select one of the pre-
defined "Test Setups/Models".

To enable carrier aggregation:

a) Select "General DL Settings > DL Carrier Aggregation Configuration > Activate
Carrier Aggregation > On"

b) Select "DL Frame Configuration > User Configuration”.
Enable "Activate CA" per user as required.

In the "General DL Settings > DL Carrier Aggregation Configuration > Component
Carrier Table" dialog, configure the settings of the SCells (see example on the fol-
lowing figure).

EUTRA/LTE A: General DL Settings
Scheduling Physmal Antenna Ports
Activate Carrier Aggregation \j

0.000 000

20.000 000

35.000 000

0.000 000

0.000 000

scell 2 (FDD)

D D D D D D D D D D

5. To enable cross-carrier scheduling for a certain component carrier:

a) Set the "DL Carrier Aggregation Configuration > SCell# > schedCell Index = 0"
In the example, the component carriers SCell#1, SCell#2 and SCell#4 can be
cross-scheduled over the PCell

b) Enable the "DL Carrier Aggregation Configuration > SCell# > CIF Present"
parameter.

In this example, the component carriers SCell#1 and SCell#2 is cross-sched-
uled over the PCell.

c) To enable a component carrier, set "DL Carrier Aggregation Configuration >
SCell# > State > On".
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6. Enable LTE signal generation "EUTRA/LTE State > On".
7. If necessary, use the Fading simulator to configure the propagation conditions.

8. If necessary, adjust the RF frequency of the path to the middle frequency of the
resulting total signal bandwidth.

9. Activate the RF output.

The instrument generates the signal in the path as multicarrier signal. The signal is
composed of three carriers, the PCell, the SCell#1 and SCell#2. Each of the com-
ponent carriers spans "Channel Bandwidth = 10 MHz"; the SCells use carrier fre-
quency offset of 20 MHz and 35 MHz.

The SCell#4 is disabled.

Tip: How to configure an LTE-A signal with independent fading per component car-
rier

If independent fading is required for each of the component carriers:

Configure one component carrier per path

Use the "Save/Recall" function to transfer the settings file to further instruments
Adjust the component carrier settings as necessary.

4.2.2.3 Carrier aggregation settings

Provided are the following settings:

Activate Carrier AGgregation..... ..o e 81
Component Carrier TADIE............uuiiiiiiiiee e e e e e e e s re e 82
L Cell INAEX....vveieeeeeiieiete ettt sttt 82

L PRYSICAI CeIl 1Dttt et et ee et n s n s s s 82

L BaNAWIAtN.......cceceicceceeeece ettt 82

L BaSEDANG. ...ttt ettt ee e ee e e 82

L Ita F/ MHZ.....oceeeececeeeeeec ettt 82

L 0 0T3OOI 82

L TDD UL/DL CONfIQUIAtION........cuieveereeeeeeeeeeee et st s s s 83

L TDD Special SUbframe COoNfig........cveuceoeeeeeeeeeeeeeeseeeeeseeeesesesseses s seseeesseenas 83

L CIF PrESENt.....iuieiececcecteeete ettt st 83

L SChEd. Cell INAEX......cecvveeeeecreeeceeee ettt 83

L ENhanCed SEttNgGS.......c.cveveveeeeceeececeeteteeeeeeeeeeeeeeeeeeesae ettt eee e s ennananaseeeeen, 84

L PDSCH StaM.....cececeeeeceeeeeeeeceeteeeeecte s eessae s s en s enaeans 84

L PHICH N Qe ettt ee e ee e s s e s 84

L PHICH DUFALON.......ccuiveiiececieiiieie sttt s 85

L POWET / Bttt 86

L DIAY / NSttt ee et ee et ee e 86

] =1 (=TT 86

Activate Carrier Aggregation
Enables/disables the generation of several component carriers.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:STATe on page 758
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Component Carrier Table

The table provides the settings of the component carriers. The first row displays the
settings of the PCell; the following four rows provide the configurable settings of the up
to four SCells.

The PCell settings resemble the settings configured in the

The PCell settings resemble the settings configured in the "General DL Settings" dia-
log.

Cell Index < Component Carrier Table
Sets the cell index of the corresponding SCell, as specified in TS 36.331. The SCell
index is required for signaling on the DCI DCI format configuration field.

The cell index of the PCell is always 0.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:INDex on page 761

Physical Cell ID — Component Carrier Table
Sets the physical Cell ID of the corresponding SCell.

The physical Cell ID of the PCell is set by the parameter "General DL Settings" > Cell
ID".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:ID on page 760

Bandwidth — Component Carrier Table
Sets the bandwidth of the corresponding component carrier/SCell.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:BW on page 759

Baseband < Component Carrier Table

In "System Configuration > BB Source Config > Separate Sources", displays the base-
band block that generates the selected component carrier. The LTE-A signal is gener-
ated as multi-carrier waveform by one baseband.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:BB on page 759

delta f / MHz — Component Carrier Table
(enabled in "System Configuration > BB Source Config > Separate Sources" configura-
tion)

Sets the frequency offset between the central frequency of the SCell and the frequency
of the PCell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:DFReg on page 760

Duplexing < Component Carrier Table
Selects the duplexing mode of the PCell.

®  Without R&S SMW-K113
The duplexing mode of the SCells is set accordingly.
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® Option: R&S SMW-K113
If "PDSCH Scheduling > Auto/DCI and Auto Sequence", combination of FDD and
TDD is supported

® Option: R&S SMW-K119
If "PDSCH Scheduling > Auto/DCI and Auto Sequence", SCells can work in LAA
mode.
LAA cells use FDD duplexing.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:DUPLexing on page 760

TDD UL/DL Configuration «— Component Carrier Table
Option: R&S SMW-K112

In TDD duplexing mode, sets the uplink-downlink configuration number. That is,
defines which subframe is used for downlink respectively uplink, and where the special
subframes are located.

In "PDSCH Scheduling > Auto/DCI and Auto Sequence" mode, the individual carriers
can use different "UL/DL Configuration". The frame configuration of the selected car-
ries and the used duplexing are also displayed. Alternatively, use the SC-FDMA time
plan to visualize them.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:UDConf on page 761

TDD Special Subframe Config «— Component Carrier Table
Option: R&S SMW-K112

In TDD duplexing mode, sets the special subframe configuration number.

Together with the parameter Cyclic Prefix, this parameter defines the lengths of the
DwPTS, the guard period and the UpPTS.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:SPSConf on page 761

CIF Present — Component Carrier Table
Defines whether the Carrier Indicator Field (CIF) is included in the PDCCH DCI formats
transmitted from the corresponding SCell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:CIF on page 759

sched. Cell Index — Component Carrier Table
Defines the component carrier/cell that signals the UL and DL grants for the selected
SCell. The signaling cell is determined by its Cell Index.

According to the LTE-A specification, cross-carrier scheduling has to be enabled per
user and per component carrier.

To enable signaling for one particular SCell on the PCell, i.e. cross-carrier scheduling,
set the "schedCell Index" to 0.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:SCINdex on page 762
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Enhanced Settings — Component Carrier Table
Opens the "CA Enhanced Settings" dialog per component carrier.

PDSCH Start
2
PHICH N_g -
1/6
PHICH Duration -
Normal

PDSCH Start — Enhanced Settings <— Component Carrier Table
Sets the starting symbol of the PDSCH for the component carrier and determines the
"Control Region for PDCCH".

Note: All subframes of a particular component carrier use the same "Control region for
PDCCH" as defined here, regardless of the settings of the PCell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:PSTart on page 762

PHICH N_g — Enhanced Settings — Component Carrier Table
Sets the parameter N_g according to TS 36.211, section 6.9.

If Activate Carrier Aggregation > "On", you can define the PHICH duration per compo-
nent carrier.
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"1/6, 1/2,1,2"  The used Number of PHICH Groups for the different subframes is cal-
culated according to the following formula:

pNaToup |NQ{N%I 8 | for normal cyclic prefix
FricH E_NQ{N%I 8)| for extended cyclic prefix

In FDD mode, the calculated value corresponds directly to the param-
eter "Number of PHICH Groups".

In TDD mode, the number of PHICH groups is calculated as the prod-
uct of the N9y~ value multiplied with a coefficient selected from

the following table.

UL/DL Subframe number

Configuration |0 1 2 3 4 5 6 7 8 9
0 2 1 - - - 2 1 - - -
1 0 1 - - 1 0 1 - - 1
2 0 0 - 1 0 0 0 - 1 0
3 1 0 - - - 0 0 0 1 1
4 0 0 - - 0 0 0 0 1 1
5 0 0 - 0 0 0 0 0 1 0
6 1 1 - - - 1 1 - - 1

The parameter Number of PHICH Groups is read-only.

"Custom" (for Activate Carrier Aggregation > "Off")
The parameter Number of PHICH Groups is configurable.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<chO>:PHICh:NGParameter
on page 763

PHICH Duration < Enhanced Settings < Component Carrier Table
Sets the PHICH duration, i.e. the allocation of the PHICH resource element groups
over the OFDM symbols.

The value selected puts the lower limit of the size of the PCFICH settings that is sig-
naled by the PCFICH.

If Activate Carrier Aggregation > "On", you can define the PHICH duration per compo-
nent carrier.

"Normal" All resources element groups of PHICH (see Number of PHICH
Groups) are allocated on the first OFDM symbol (OFDM Symbol 0).

"Extended" The resources element groups of PHICH are distributed over three
OFDM symbols for a normal subframe or over two symbols within a
special one.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:PHICh:DURation on page 763
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Power / dB — Component Carrier Table

(enabled in "System Configuration > BB Source Config > Separate Sources" configura-
tion)

Sets the RS EPRE (reference signal energy per resource element) of the SCell relative
to the RS EPRE of the PCell.

The absolute power of the RS of a cell is calculated according to the following formula:

Absolute_ RS_EPRE(, x = RS Power per RE relative to Level Display + "Level Dis-
play" + CA_Powercge x

Example:

Set "EUTRAI/LTE > Set to Default"

Set Activate Carrier Aggregation > On

For the SCell1, set CA_Powercg, 1 = Power / dB = -5 dB

Enable SCell1, i.e. set State > On

The value of the parameter "General DL Settings" > RS Power per RE relative to Level
Display" is -30.736 dB

The power displayed in the status bar of the instrument is "Level = -30 dBm"
Absolute_ RS_EPRE(, 1 = (-30.736 dB) + (-30.00 dBm) + (-5 dB) = -65.736 dBm

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:POFFset on page 762

Delay / ns — Component Carrier Table
(enabled in "System Configuration > BB Source Config > Separate Sources" configura-
tion)

Sets the time delay of the SCell relative to the PCell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:TDELay on page 762

State «— Component Carrier Table
Activates/deactivates the component carrier/SCell.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:STATe on page 763

MBSFN settings

Configuration of the "MBSFN Settings" requires the additional software option
R&S SMW-K84.

The "MBSFN Settings" section comprises the parameters necessary to configure an
MBSFN transmission. Refer to Chapter 2.2.4, "LTE MBMS concepts”, on page 46 for
background information.
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According to the MBMS LTE concept, one eNodeB may serve more than one MBSFN
areas. In this implementation, the simulated cell belongs to only one MBSFN area.
Hence, all radio resources reserved for MBSFN subframes are assigned to one
MBSFN area.

In an LTE network, the MBSFN information is transmitted only during the specially
reserved MBSFN subframes. Almost all MBMS control information is carried by a spe-
cial control channel, the MCCH. There is one MCCH per MBSFN area. In this imple-
mentation, the MCCH is always mapped to the first active MBSFN subframe within one
MCCH repetition period (see figure in Example"MBSFN Resource Allocation”

on page 89).

A configurable "MCCH repetition period" determines how frequent the control informa-
tion is transmitted within a defined "MCCH maodification period" (see Figure 4-3).

| Change notification | Update information

|
T O e e D O R
|
|

I <_>|

| MCCH repetition |

| period |

- > >
MCCH modification period (n) MCCH modification period (n+1)

Figure 4-3: Change of MCCH information

The MCCH carries a single message, the MBSFNAreaConfiguration message, which
provides information on the ongoing MBMS sessions and the corresponding radio
resources, i.e. the mapping of the PMCHs. The BCCH also carries some of the MBMS
control information by the special System Information Blocks SIB Type 13 and SIB
Type 2.

For exact definition of control elements and messages such as MBSFNAreaConfigura-
tion, refer to TS 36.331.

The following table provides an overview of the steps an UE performs to acquire the
information about the resource configuration of reserved MBSFN subframes, the posi-
tion of the MCCH within the MBSFN subframes as well as information necessary to
demodulate the MCCH and to retrieve the information about the PMCH scheduling.
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Table 4-2: Acquiring MBSFN information

Step | Information provided by Description User Interface
1 BCCH > SIB#2 The SIB#2 contains common radio configuration information Subframe Conf. (SIB
®  MBSFN-SubframeConfi- | and among other things a list (mbsfn_SubframeConfigList) with | Type 2)
guration scheduling information for up to 8 MBSFN allocations (MBSFN-
SubframeConfiguration).
Hence, after receiving the SIB#2 each UE, also the MBSFN
incapable UEs, are informed about the subframes that are
reserved for MBSFN in the downlink.
2 BCCH > SIB#13 The SIB#13 carries the information necessary to acquire the MBSFN-ArealnfoList
®  MBSFN-ArealnfoList MBMS control information for up to 8 MBSFN areas (MBSFN- Parameters
° /\/L.‘igxli(sj;]Not/ﬁcatlonConfl- A(eal.m‘foL/st),.as well ass the g?mmonCMBpAS no_hﬂcahon sched- MBSEN-Notification-
g uling information (MBMS-NotificationConfiguration). Config Parameters
After receiving the SIB#13 the MBSFN capable UE is able to
find the MBSFN reference signals (mbsfn-ArealD) and to detect
and demodulate the MCCH (mcch-Config and MBMS-Notifica-
tionConfiguration).
3 MCCH > MBSFNAreaConfigu- | The MCCH carries the single message MBSFNAreaConfigura- | Common Subframe
ration tion that determines which of the reserved MBSFN subframes Allocation Period
®  PMCH-InfoList ‘ (.com!;)are SIB#2) belong to which MBSFN area and provides @ | oy 1o Hoinfollist Paranm-
¢ CommonSF-Allocation- list with configuration information for up to 15 PMCHs (PMCH- | ;.
PatternList InfoList) per an MBSFN area.
Note: The MBSFN-SubframeConfiguration is equivalent to the
summary of all CommonSF-AllocationPatternList. In this imple-
mentation, all MBSFN subframes are assigned to one MBSFN
area. Hence, MBSFN-SubframeConfiguration equates the Com-
monSF-AllocationPatternList and configuration of the later one
is done with the parameters of SIB#2.
The PMCH-InfoList specifies the individual PMCHs, including
MBMS sessions, used MCS, allocated subframes (sf-AllocEnd),
and the periodicity for providing MCH scheduling information on
MAC layer (mch-SchedulingPeriod).
4 PMCH The UE receives the PMCHs.
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The illustrations on Figure 4-4 and Figure 4-5 show the signaling of MBSFN informa-
tion during the acquisition steps.

Step

BCCH (SIB#2)

(MBSFN-SubframeConﬁgLr'sr)

rMBSFN AIIOC#O—I—MBSFN AIIOC#7—¢

Figure 4-4: MBSFN Signaling (step 1)
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Step

D BCCH (SIB#13)

(" MBSFN-ArealnfoList )
( MBMS-NotificationConfig j

(M BSFN Area#OJ—M BSFN Area#7—¢
[::MBSFN-A reaConfiguration :
[

: : |
PMCH-InfoList ) (" CommonSF-AllocPatternList )

* ¢_MBSFN AIIOC#D—lMBSFN Alloc#?l
MBMS-Session#0 MBMS-Session#0
MBMS-Session#28 MBMS-Session#28 @ Channel

) Information Element

Figure 4-5: MBSFN Signaling (steps 2 to 4)

Example: MBSFN Resource Allocation

This example shows the MBSFN resource allocation for the settings listed in the follow-
ing table. Use the default values for the other parameters.

O ARB Sequence Length

The generation of a signal with cyclically repeating MBSFN pattern requires an "ARB
sequence length" equal to the "MCCH repetition period" or to the "MCCH modification
period".

The maximum value of the ARB sequence length depends on the selected channel
bandwidth and on the memory size option of the generator.

Parameter Value
EUTRA/LTE > Duplexing FDD
EUTRA/LTE > Sequence Length 512 Frames
General DL Settings > Channel Bandwidth 1.4 MHz
General DL Settings > MBSFN Mode Mixed
Radio Frame Allocation Period 8 Frames
Radio Frame Allocation Offset 2 Frames
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Parameter Value
Subframe Allocation Mode 4 Frames
Allocation value (HEX) AAAAAA
MCCH State On

MCCH Repetition Period 128 Frames
MCCH Modification Period 512 frames
Notification Repetition Coefficient 2 Frames

Notification Subframe Index

4, i.e. the MCCH change notification on PDCCH is
transmitted on subframe#6

Common Subframe Allocation Period

64 Frames, i.e. the PMCH scheduling is repeated
after 64 frames

Number of PMCHs 3
PMCH#0: SF Alloc Start/SF Alloc EndSF Alloc End |5
PMCH#0: MCH Scheduling Period 8
PMCH#1: SF Alloc End 7
PMCH#1: MCH Sched. Period 8

PMCH#2: SF Alloc End

95 (automatically calculated)

PMCH#2: MCH Sched. Period

8

See Figure 4-6 for an illustration of the resource allocation.
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subframe#0 1 2 3 4 5 6 7 8 9
A A AD ARF alloc. 4
o o
3|1 y_offset 2
52 MCCH* PMCH-0 PMCH-0 A @
als PMCH-0 PMCH-0 PMCH-0 Subframe | <
5| 4 PMCH-1* PMCH-1 PMCH-2* alloc. mode| 8
55 PMCH-2 PMCH-2 A |PMCH-2 4 ®
Q 6 he] [T
=2 ) [
ol ®|7 58 v
] g nls
3|8l 8 Sl MBSFN
2|%/8 PMCH-2 PMCH-2 = PMCH-2 Allocation
olgl3 PMCH-2 PMCH-2* W |PMCH-2
p -:3‘ c PMCH-2 PMCH-2 PMCH-2
el 2 g PMCH-2 PMCH-2 PMCH-2
8|zl €
= =]
S5|EO
o|Q ! .
= |0
I|= 64
Q 65
g 66 PMCH-0* PMCH-0 PMCH-0
67 PMCH-0 PMCH-0 PMCH-0
68 PMCH-1* PMCH-1 PMCH-2*
69 PMCH-2 PMCH-2 PMCH-2
70
71
\ el e
128
129
130 MCCH PMCH-0 PMCH-0
131 PMCH-0 PMCH-0 PMCH-0
132 PMCH-1* PMCH-1 PMCH-2"
133 PMCH-2 PMCH-2 PMCH-2
134
135
h T -
512
513
514 MCCH* PMCH-0 PMCH-0
515 PMCH-0 PMCH-0 PMCH-0
516 PMCH-1* PMCH-1 PMCH-2*
517 PMCH-2 PMCH-2 PMCH-2
518
519
SFN | .
Figure 4-6: Example of MBSFN resource allocation
SFN = System Frame Number
Pattern subframes = Subframes not allowed to be scheduled as MBSFN subframes
Grey subframes = MBSFN subframes not used for MBMS transmission, i.e. regular LTE subframes
that can be used for allocation of DL signal
MCCH* = First MCCH in a new MCCH modification period
PMCH-0*/PMCH-1*/ = First PMCH of one MCH scheduling period.
PMCH-2*

By default, the SFN (System Frame Number) starts with 0. Use the parameter SFN
Offset to adjust the start value.

If PRS and MBSFN are configured to be in the same subframe, MBSFN is skipped and
PRS is transmitted solely (see Example"Overlapping PDSCH, PRS and MBSFN"

on page 113).

To access the MBSFN dialog:

1. Select "General > Link Direction > Downlink (OFDMA)".
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2. Select "General DL Settings > MBSFN > General" tab.
3. Select "MBSFN Mode > Mixed".

EUTRA/LTE A: General DL Settings —_— X

Scheduling Physical : Antenna Ports
Manua! . CA n MBSFN _

MBSFN Mode
Mixed
MBSFN Rho A UE Category Subframe Conf.
(SIB Type 2)
0.000 dB 5

Area Info
(SIB Type 13)

PMCH
Structure

This dialog comprises the parameters necessary to configure an MBSFN transmis-

sion:

MBSFN MOGE......cocoeieeitititiccee ettt ettt e e e e e s e e e eaaaaeaeseseeeeeeeeessssararanas 93
MBSFN RRO A ...ttt ettt ettt ettt e e e e e s e s e eaaaaeaeaeseeeeeeesesssrsraranas 93
(0] R O7= ) (=T o] VSRRSO 93
Subframe Conf. (SIB TYPE 2)....ueeiiiiiiieiee ittt 93
L Radio Frame AllOCAtION PEIOG. .......c.eeeeeeeeeeeeeeeeeeeee et eeeeeeeeeeeeeeeeeeeseseees 94

L Radio Frame AlOCAtION OfFSEt.......eoveeeeeeeeeeeeeee et eee e e eeeeeeeeeeeeaeees 94

L SUDframe AlIOCAtION MOGE........eeeeeeeeeeeeeeeeeeee et e e e eeeeeeeeeeeeeeeeeeeenns 94

L AIOCAtON VAIUE (HEX).. . et eeseeee et ees et 94

Area INfO (SIB TYPE 13).iuiiiiiiiiii ittt e e e e e e e e s e s s an e e e e e e e e e e e e e seenannnnnes 94
L MBSFN-ArealnfoList Parameters.........oeeoueveeeeeeeeeeeeseeeeeeeeeeeeeeeeeeseseeesseeens 95

L Area ID (N_ID_MBSFN)......ciiiieeeeeeeeeeeeeeses e eeses s es s sesesneaenenns 95

L Non-MBSFN Region Length.........c.ccueueueveueeeeeeeeeeeecececeeeeeeeieeee e 95

L NOtIfICAtioN INAICAION. ....eeeeeeee ettt e e ee s 96

L IMCCH State......oececeieececieeeeeceeeeeeeecte et eesesae s s s se e enaeans 96

L MCCH Repetition PEriOM. ........c.ceoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeree e eesese e 96

LY (073 2 10 ;-7 AT 96

L MCCH MOodification PerOT. .....c.voveeeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeseeeeeeeeeeeeeenene 96

L Allocation Valug (HEX).......cceueuereeeeeeeeeeeeeeeeceeaeteaeieeeieseseseseeesasssanaesean, 96

Y ol o3 o 1 0 = TR 97

L IMCCH MCS....oeeeeee ettt 97

L MCCH MOAUIGHON........cocvrreceeieeeeeceeseeeee et eesae e eneae e enae e 97

L MCCH Transport BIOCK SiZe€........coueueueueueeeeeeeeeeeeeeeeeeeeeeeeeeseeeeesenes 97

L MCCH Data SOUICE.....veeeeeeeeeeeeeeeeeeeee et eeeeee et ee et e e eee e e eneeeesereeeens 97

L MBSFN-NotificationConfig Parameters..............ccccvuvueueueereeceeseseseeesennen. 97

L Notification Repetition COefficient............cceerereeeeeeeeeeeeeee s 97

L NOHIfiICation OffSet........ccvurueueeeeeeereeeeeeeeeeeeeeeeeeeete et es e eeennseaneeeeen, 98

L Notification SUDramME INAEX....veeeeeeeeeeeeeeeeeeeeeeee e eeee e eeeeeeeeen. 98

L NOHfICAHION PEIN. ....eeeereeeeeeeeeeee ettt ee et e et e et e neeeeeeneeene 98

PMCH SHIUCKUIE......ccieeeeeeeeete ettt ettt ettt e e et seeeeeeeeeasaasesseeeneeeees 98
L Common Subframe AllOCatIoN PErOT. ........oveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenne 98

L PMCH-INFOLISt PArameEterS. ......ooveeeeeeeeeeeeeeeeeeeeee et et et eeeeeeeeseeseeeeeeeeneeereeeens 99

L NUMDET Of PMCHS........oeieeceeeeeeee ettt 99

L SF AIIOC Start/SF AOC ENG....vveoeeeeeeeeeeeeee et eee e 99
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L USE TADIE 2.ttt ettt et et et e et et e e e eee s 99

L Y (01 TSRS 100

LY 1o V112 (1o )8 TSRS 100

L MCH Scheduling PeHOG..........cvureeeeeerereeeeeeseeeeeeseeseseseeseeseeseseseseenans 100

L DALA SOUICE. vt et e e e e ee e e e e e e e e e eeeeaeeee e s e e ereseeareeeneans 100

] = 1= TP U UO T OO O SOUSTOTSrU TSROSO 100
MBSFN Mode

Enables the MBSFN transmission and selects a mixed MBSFN Mode, i.e. the available
subframes are shared between MBSFN and regular LTE operation.

Note: Dedicated MBSFN Mode (i.e. all subframes are used for MBSFN solely) will be
supported in a later version.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:MODE on page 752

MBSFN Rho A
Defines the power of the MBSFN channels relative to the common Reference Signals.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:RHOA on page 755

UE Category
Defines the UE category as defined in TS 36.306.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:UEC on page 756

Subframe Conf. (SIB Type 2)
Access: "MBSFN > Subframe Conf. (SIB Type 2)" tab.

EUTRA/LTE A: General DL Settings

Scheduling Physmal Antenna Ports
Radio Frame Allocation Period Radio Frame Allocation Offset
1 0 Frames

Subframe Allocation Mode Allocation Value (HEX) Subframe Conf.
1 Framev 3F LATEED

Area Info
(EERERE))

PMCH
Structure

This section comprises settings for configuration of the general MBSFN structure, i.e. it
defines which subframes are used for MBSFN transmission. In the “real” system, these
values are transmitted via the System Information Block (SIB) Type 2.

The parameters in this section correspond to the MBMS information element MBSFN-
SubframeConfig, as defined in TS 36.331.

The graph in this section displays the currently reserved MBSFN subframes. To select
a subframe as MBSFN subframe, click on this subframe.

Note: The here described parameters are for configuration of the MBSFN structure
only, the coding of the SIB#2 and the SIB#13 is not done automatically.
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Also, the content of the MCCH is not generated automatically, but has to be set man-
ually, by selecting the data source.

Radio Frame Allocation Period < Subframe Conf. (SIB Type 2)
Radio-frames that contain MBSFN subframes occur when the following equation is sat-
isfied:

SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:SC:APER on page 756

Radio Frame Allocation Offset <— Subframe Conf. (SIB Type 2)
Radio-frames that contain MBSFN subframes occur when the following equation is sat-
isfied:

SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:SC:AOFFset on page 755

Subframe Allocation Mode — Subframe Conf. (SIB Type 2)
Defines whether MBSFN periodic scheduling is 1 or 4 frames.

The figure in Example"MBSFN Resource Allocation" on page 89 shows an MBSFN
allocation composed of 4 frames. The following figure displays an MBSFN allocation
with "Subframe allocation mode" set to 1 frame.

subframe#0 1 2 3 4 5 6 7 8 9
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RF alloc.
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alloc. mode
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o

_

L

-
P
v

MBSFN Allocation

.
\&

.
L

_

RF alloc. period

o

PN NN

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:SC:AMODe on page 755

Allocation value (HEX) < Subframe Conf. (SIB Type 2)
Defines which MBSFN subframes are allocated.

This parameter is identical to the bitmap defined by the field subframeAllocation of the
MBMS information element MBSFN-SubframeConfig.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:SC:AVAL on page 756

Area Info (SIB Type 13)
Access: "MBSFN > Area Info (SIB Type 13)" tab.

This section comprises settings for configuration of the general MBSFN area info, i.e. it
defines where to find the MCCH. In the “real” system, these values are transmitted via
the System Information Block (SIB) Type 13.
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The parameters in this section correspond to the MBMS information elements MBSFN-
ArealnfoList and MBSFN-NotificationConfig, as defined in TS 36.331.

Note: The here described parameters are for configuration of the MBSFN structure
only, the coding of the SIB#2 and the SIB#13 is not done automatically.

Also the content of the MCCH is not generated automatically, but has to be set man-
ually, by selecting of a data source.

EUTRA/LTE A: General DL Settings — X

Scheduling Physical " Antenna Ports
Manua! . CA n MBSFN _

Area 1D (N_ID_MBSFN) Non-MBSFN Region Length General

0 2 OFDMA Sym.
Notification Indicator Subframe Conf.

OT MCCH State (SIB Type 2)
MCCH Repetition Period MCCH Offset *("S'I%aT'“f" )

32 Frames 0 ype
MCCH Modification Period Allocation Value (HEX) gm:c:'ure
512 Frames 20
MCCH Data

MCCH MCS MCCH Modulation

2 QPSK
MCCH Transport Block Size

2216
MCCH Data Source
PN9
Notification Parameters

Notification Repetition Coefficient Notification Offset

2 0
Notification Subframe Index Notification Pattern

1 0.

MBSFN-ArealnfoList Parameters — Area Info (SIB Type 13)
This section comprises the scheduling parameters of the MBMS information element
MBSFN-ArealnfolList.

Area ID (N_ID_MBSFN) — MBSFN-ArealnfoList Parameters — Area Info (SIB Type
13)
Defines the MBSFN area ID, parameter N;{MBSFN,

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:ATI:ID on page 747

Non-MBSFN Region Length «— MBSFN-ArealnfoList Parameters < Area Info (SIB
Type 13)

Defines how many symbols from the beginning of the subframe constitute the non-
MBSFN region.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT :NMRL on page 751
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Notification Indicator < MBSFN-ArealnfolList Parameters < Area Info (SIB Type

13)

Defines which PDCCH bit is used to notify the UE about change of the MCCH applica-
ble for this MBSFN area. Value 0 corresponds to the least significant bit as defined for
the DCI Format 1C.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:ATI:NIND on page 751

MCCH State — MBSFN-ArealnfoList Parameters — Area Info (SIB Type 13)
Enables/disables the MCCH.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:AI:MCCH: STATe on page 750

MCCH Repetition Period < MBSFN-ArealnfoList Parameters <— Area Info (SIB
Type 13)
Defines the interval between transmissions of MCCH information in radio frames.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:AI:MCCH:RPER on page 750

MCCH Offset — MBSFN-ArealnfoList Parameters < Area Info (SIB Type 13)
Indicates, together with the "MCCH repetition period", the radio frames in which MCCH
is scheduled. MCCH is scheduled in radio frames for which:

SFN mod "MCCH repetition period" = "MCCH offset"

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:OFFS on page 750

MCCH Modification Period < MBSFN-ArealnfoList Parameters < Area Info (SIB
Type 13)

Defines periodically appearing boundaries, i.e. radio frames for which the following
equation is fulfilled:

SFN mod "MCCH modification period" = 0

The contents of different transmissions of MCCH information can only be different if
there is at least one such boundary in-between them.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:MPER on page 748

Allocation Value (HEX) — MBSFN-ArealnfoList Parameters < Area Info (SIB Type
13)

Indicates the subframes of the radio frames indicated by the "MCCH repetition period"
and the "MCCH offset" that may carry MCCH.

Note: In the current implementation, the MCCH is always mapped to the first active
MBSFN subframe.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:AI:MCCH:AVAL? on page 747
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MCCH Data — Area Info (SIB Type 13)
This section configures MCCH parameters of the MBMS information element MBSFN-
Arealnfolist.

MCCH MCS < MCCH Data < Area Info (SIB Type 13)

Defines the Modulation and Coding Scheme (MCS) applicable for the subframes indi-
cated by the "MCCH Allocation value" and for the first subframe of each MCH schedul-
ing period (which may contain the MCH scheduling information provided by MAC).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT :MCCH:MCS on page 748

MCCH Modulation — MCCH Data — Area Info (SIB Type 13)
Displays the values as determined by the "MCCH MCS".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:MODulation? on page 748

MCCH Transport Block Size < MCCH Data < Area Info (SIB Type 13)
Displays the values as determined by the "MCCH MCS".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:TBS1ize? on page 751

MCCH Data Source < MCCH Data < Area Info (SIB Type 13)
Sets the data source used for the MCCH.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AI:MCCH:DATA on page 747

[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:DLISt on page 747

[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH: PATTern on page 750

MBSFN-NotificationConfig Parameters < Area Info (SIB Type 13)
This section comprises the parameters of the MBMS information element MBSFN-Noti-
ficationConfig.

Notification Repetition Coefficient — MBSFN-NotificationConfig Parameters «
Area Info (SIB Type 13)

Selects the current change notification repetition period common for all MCCHs that
are configured. The notification repetition period is calculated as follows:

change notification repetition period = shortest modification period/ "Notification repeti-
tion coefficient"

Where the shortest modification period corresponds with the value of the selected
"MCCH modification period".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:NRC on page 749
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Notification Offset < MBSFN-NotificationConfig Parameters — Area Info (SIB
Type 13)

Defines, together with the "Notification Repetition Coefficient", the radio frames in
which the MCCH information change notification is scheduled, i.e. the MCCH informa-
tion change notification is scheduled in radio frames for which:

SFN mod notification repetition period = "Notification offset"

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT :MCCH:NOFFset on page 748

Notification Subframe Index < MBSFN-NotificationConfig Parameters < Area
Info (SIB Type 13)

Defines the subframe used to transmit MCCH change notifications on PDCCH.

In FDD: Values 1, 2, 3, 4, 5 and 6 correspond with subframe #1, #2, #3, #6, #7 and #8
respectively.

In TDD: Values 1, 2, 3, 4 and 5 correspond with subframe #3, #4, #7, #8 and #9
respectively.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT :MCCH:NSTI on page 749

Notification Pattern — MBSFN-NotificationConfig Parameters «— Area Info (SIB
Type 13)
Sets the pattern for the notification bits sent on PDCCH DCI format 1c.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:AT:MCCH:NPATtern on page 749

PMCH Structure
Access: "MBSFN > PMCH Structure" tab.

This section comprises settings for configuration of the PMCH structure, i.e. where to
find a PMCH carrying a certain MTCH. In the “real” system, these values are transmit-
ted via the MCCH (MBSFNAreaConfiguration).

The parameters in this section correspond to the MBMS information elements
MBSFNAreaConfiguration and PMCH-InfoList, as defined in TS 36.331.

PMCH Structure

Number of PMCHs
64 3

Common SF Alloc Period

Common Subframe Allocation Period — PMCH Structure
Defines the period during which resources corresponding with field commonSF-Alloc
are divided between the (P)MCHs that are configured for this MBSFN area.
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The subframe allocation patterns, as defined by commonSF-Alloc, repeat continuously
during this period.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:MTCH: CSAP on page 752

PMCH-InfoList Parameters < PMCH Structure
Comprises the parameters of the PMCH-InfoList.

Number of PMCHs < PMCH-InfoList Parameters «— PMCH Structure
Defines the number of PMCHs in this MBSFN area.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn:MTCH:NPMChs on page 752

SF Alloc Start/SF Alloc End — PMCH-InfoList Parameters < PMCH Structure
Defines the first/last subframe allocated to this (P)MCH within a period identified by
field commonSF-Alloc.

The subframes allocated to (P)MCH corresponding with the nt entry in pmch-InfoList
are the subsequent subframes starting from either the subframe identified by "SF Alloc
End" of the (—1)" listed (P)MCH or, for n=1, the first subframe, through the subframe
identified by "SF Alloc End" of the n'" listed (P)MCH. Value 0 corresponds with the first
subframe defined by field commonSF-Alloc.

Note: Configuring the MCHs ("SF Allocation Start" values) from bottom to top.
Although the 3GPP specification defines the "SF Alloc End" parameter as the only one
required, in this implementation it is mandatory to define the "SF Alloc Start" instead.
The implemented algorithm uses the selected "SF Alloc Start" and calculates automati-
cally the "SF Alloc End" of the corresponding MCH. The algorithm applies the internal
rule, that there is no gap between two consequent MCHs.

It is therefore recommended to configure the MCHs, i.e. define the "SF Alloc Start" val-
ues, from bottom to the top. This workaround prevents the configuration of overlapping
MCHs.

Remote command:

[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn:PMCH<ch0>:SASTart on page 755

[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn: PMCH<ch0>:SAENd on page 755

Use Table 2 — PMCH-InfoList Parameters — PMCH Structure
(requires option R&S SMW-K113)

Defines which of the two tables defined in TS 36.213 is used to specify the used modu-
lation and coding scheme (see MCS and Modulation):

® "Use Table 2 > Off": Table 7.1.7.1-1 is used

® "Use Table 2 > On": Table 7.1.7.1-1A is used.

Example:
For "MCS = 5" and "Use Table 2 > Off", the used modulation is "Modulation > QPSK".
If "Use Table 2 > On", the used modulation changes to "Modulation > 16QAM".

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn: PMCH<ch0>:MCSTwo on page 753
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MCS — PMCHe-InfoList Parameters < PMCH Structure

Defines the value for parameter according to TS 36.213 Table 7.1.7.1-1 or Table
7.1.7.1-1A, which defines the Modulation and Coding Scheme (MCS) applicable for the
subframes of this (P)MCH as indicated by the field commonSF-Alloc. The MCS does
however neither apply to the subframes that may carry MCCH, i.e. the subframes indi-
cated by the field sf-Allocinfo within System Information Block Type 13, nor for the first
subframe of each MCH scheduling period (which may contain the MCH scheduling
information provided by the MAC).

To select which one of the two tables Table 7.1.7.1-1 or Table 7.1.7.1-1A is used, use
the parameter Use Table 2. Using Table 7.1.7.1-1A requires option R&S SMW-K113.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:MBSFn: PMCH<ch0>:MCS on page 754

Modulation < PMCH-InfoList Parameters < PMCH Structure
Indicates the used modulation, as defined with:

® Use Table 2

e MCS

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:MBSFn: PMCH<ch0>:MOD? on page 754

MCH Scheduling Period < PMCH-InfoList Parameters — PMCH Structure
Defines the MCH scheduling period, i.e. the periodicity used for providing MCH sched-
uling information at lower layers (MAC) applicable for an MCH.

Note: The first subframe of the scheduling period may contain the MAC control ele-

ment and therefore uses MCS of MCCH (however, the data source from PMCH is still
used).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn: PMCH<ch0>:SPERiod on page 754

Data Source < PMCH-InfoList Parameters < PMCH Structure
Sets the data source for this PMCH/MTCH.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:MBSFn: PMCH<ch0>:DATA on page 753

[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn: PMCH<ch0>:DLISt on page 753

[ : SOURce<hw>] :BB:EUTRa :DL:MBSFn: PMCH<ch0>:PATTern on page 753

State — PMCH-InfoList Parameters < PMCH Structure
Enables/disables the selected PMCH/MTCH.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:MBSFn: PMCH<ch0>:STATe on page 752

Physical settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".
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2. Select "General DL Settings > Physical".

EUTRA/LTE A: General DL Settings

Sched Physical Antenna Ports

Channel Bandwidth Number of Resource Blocks per Slot
10 MHz |
FFT Size i Number of eMTC Narrowbands 9
1024 8
Wideband Config i
off
Physical Resource Block Bandwidth @ Occupied Bandwidth 9
12* 15 kHz 9.015 MHz
Sampling Rate @ Number of Occupied Subcarriers 9
15.360 MHz 601
Number of Left Guard Subcarriers @ Number of Right Guard Subcarriers 9
212 211
In this dialog, the channel bandwidth respectively the number of resource blocks
per slot is selected. The other parameters are fixed and read-only.
Channel BanAWidth......... et et e e e e e e e e e e e e e e e e e e eeeeeeae b 101
Number of Resource BIOCKS PEr SIOt............covviiiiiieiiiiiiiceeceie e ee e eeeeeeeeeeeaaans 102
| IS 1= S SORR 102
Number of eMTC NarroWbands...........oouuueiiiiiiiieee e 102
Number of eMTC WiIdeDandS...........oeiiieieeieieeeeeeee e e e e eaeees 103
LAV Te =T o= o o I @7 o] o i [o TSP OPPRPPN 103
Physical Resource Block Bandwidth............ccoeiiiiiiiiiiie e 103
Occupied BandWidth............ccii oot e e 103
IS T= T 0] o] 1o TN = 1 (= YN 104
Number Of Occupied SUDCAITIErS......cccoieiiiiie e e e e e e e e e e e eeeens 104
Number Of Left/Right Guard SUDCArriers. ... 104

Channel Bandwidth
Sets the channel bandwidth of the EUTRA/LTE system.

The 3GPP specification defines bandwidth agonistic layer 1 where the channel band-
width is determined by specifying the desired number of resource blocks. However, the
current EUTRA standardization focuses on six bandwidths.

® "1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHZz"
Select a predefined channel bandwidth.
The parameter "Number of Resource Blocks Per Slot" is internally calculated for
the selected "Channel Bandwidth" and "Physical Resource Block Bandwidth".
The sampling rate, occupied bandwidth and FFT size are therefore determined by
the parameter "Number of Resource Blocks Per Slot". If necessary, adjust the "FFT
Size".
See also Table 2-1 for an overview of the cross-reference between the parameters.
If "Mode > eMTC/NB-loT or LTE/eMTC/NB-IoT" is selected, the "1.4 MHZz" band-
width is supported by LTE and eMTC; the NB-loT-specific settings are not available
for configuration.

® "200 kHz"
Option: R&S SMW-K115
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This channel bandwidth is dedicated to NB-loT. It is available, if "Mode >
eMTC/NB-loT or LTE/eMTC/NB-loT" is selected.
If channel bandwidth of 200 kHz is used, the LTE or eMTC-specific settings are not
available for configuration. Available is only one NB-loT carrier which works in
standalone mode (Mode = "Standalone").

® "User"
Option: R&S SMW-K55
Provided for backward compatibility with previous version of this software, this
parameter allows you to select a user-defined bandwidth as number of resource
blocks.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:BW on page 716

Number of Resource Blocks Per Slot
Indicates the number of used resource blocks for the selected "Channel Bandwidth".

"Channel Bandwidth" "Number of Resource Blocks Per Slot (UL)"

"1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 | Read-only value, set automatically as function of the

MHZz" "Channel Bandwidth" and "Physical Resource Block
Bandwidth"

"User" "Channel Bandwidth" depends on the "Number of

Resource Blocks Per Slot" and "Physical Resource
Blocks Bandwidth"

The sampling rate and the occupied bandwidth are determined by the parameter
"Number of Resource Blocks Per Slot". If necessary, adjust the value of "FFT Size".

See also Table 2-1.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NORB on page 716

FFT Size
Sets the FFT (Fast Fourier Transformation) size.

You can change the FFT size for all bandwidth definitions if the following conditions are

met:

® For a specific bandwidth, all FFT sizes are applicable as long as the size is greater
than the number of occupied subcarriers.
By default, the smallest available FFT size is selected.

® To decrease the number of unused guard subcarriers and the resulting sampling
rate, for channel bandwidth of 15 MHz an FFT size of 1536 is provided, too.

Remote command:
[ :SOURce<hw>] :BBR:EUTRa:DL:FFT on page 717

Number of eMTC Narrowbands
Option: R&S SMW-K115

This parameter is dedicated to eMTC and available if "Mode > eMTC/NB-IoT or LTE/
eMTC/NB-loT" is selected.
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It indicates amount of eMTC narrowbands NggP" available within the selected channel
bandwidth.

The value is calculated as follows:
"Number of Narrowbands" = "Number of Resource Blocks" / 6
For more information, see "Narrowbands" on page 366.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:EMTC : NNBands? on page 965

Number of eMTC Widebands
Option: R&S SMW-K143

This parameter is dedicated to eMTC and available if "Mode > eMTC/NB-IoT or LTE/
eMTC/NB-loT" and Wideband Config > "5 MHz/20 MHZz" is selected.

It indicates the number of eMTC widebands N,z available within the selected channel
bandwidth.

The value is calculated as follows:

"Number of Widebands" = "Channel Bandwidth" / Wideband Config

For more information, see "Widebands" on page 367.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:EMTC:NWBands? on page 965

Wideband Config
Option: R&S SMW-K143

This parameter is dedicated to eMTC and available if "Mode > eMTC/NB-IoT or LTE/
eMTC/NB-loT" is selected.

If enabled, the available channel bandwidth is split into eMTC widebands with the
selected bandwidth. The resulting number of widebands is indicated by the parameter
Number of eMTC Widebands.

For more information, see "Widebands" on page 367.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:EMTC: WBCFg on page 965

Physical Resource Block Bandwidth
Displays the bandwidth of one physical resource block. The value is fixed to 12 x 15
kHz.

Remote command:
n.a.

Occupied Bandwidth
Displays the occupied bandwidth, calculated from the parameter "Number of Resource
Blocks Per Slot".

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:0CCBandwidth? on page 717
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Sampling Rate
Displays the sampling rate, calculated from the parameter "Number of Resource
Blocks Per Slot".

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:SRATe? on page 717

Number Of Occupied Subcarriers
Displays the number of occupied subcarriers, calculated from the parameter "Number
of Resource Blocks Per Slot".

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:0CCSubcarriers? on page 717

Number Of Left/Right Guard Subcarriers
Displays the number of left/right guard subcarriers, calculated form the parameter
"Number of Resource Blocks Per Slot".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LGS? on page 718
[ : SOURce<hw>] :BB:EUTRa :DL:RGS? on page 718

4.2.5 Cell-specific settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Cell".

EUTRA/LTE A: General DL Settings

Scheduling Physical/TDD Antenna Ports
 MBSFK AL Al O Ge“ _

Cell ID Physical Cell ID Group Physical Layer 1D
0 0
Cyclic Prefix UL Cyclic Prefix
Normal Normal
PDSCH P_B PDSCH Ratio rho_B/rho_A
0 0.000 dBj
PDCCH Ratio rho_B/rho_A PBCH Ratio rho_B/rho_A
0.000 dB 0.000 dB
PHICH N_g PHICH Duration
1!6v Nv:)rmr:nlv
RA_RNTI
1

The "Cell-Specific Settings" section comprises the physical layer cell identity set-
tings and the DL power control settings.
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The TDD settings are available only, if the TDD is selected as a duplexing mode.
The TDD frame is configured by adjusting the UL/DL configuration and the special
subframe configuration.

(07T I | PSSP 105
Physical Cell ID GrOUP......cccoiiiieeeieeeeece e re s e e e e e e e e e e e e e e e e e e e ee e e e e e e e e e e eeaeas 105
PRYSICal LAYEE ID...cciiiiiieiiie ettt 105
Cyclic Prefix (General DL Settings)......ueeiieiiiiiiiiieie et 106
UL/DL CyYClC PrefiX..iiiueeeeie ittt ettt sttt e s s 106
PDSCH P Bttt 106
PDSCH/PDCCH/PBCH Ratio rho_B/rho_A.....ceeiiiiieieeeeeee et 106
PHICH DUFAION. ...ttt e e e e e e e e e e e e e e e e e aaanns 107
[ 1 B o P U UUURUTURRRI 107
N L I R 108
Cell ID

Sets the cell identity.

There are 504 unique physical layer cell identities (Cell ID), grouped into 168 unique
physical cell identity groups that contain three unique identities each. The Cell ID is
calculated as following:

Cell ID = 3*Physical Cell ID Group + Physical Layer ID

There is a cross-reference between the values of these three parameters and chang-
ing of one of them results in adjustment in the values of the others.

The Cell ID determinates:

® The downlink reference signal pseudo-random sequence
The frequency shifts of the reference signal

The S-SYNC sequence

The cyclic shifts for PCFICH, PHICH and PDCCH mapping
The pseudo-random sequence used for scrambling

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:PLCI]:CIDon page 718

Physical Cell ID Group
Sets the physical cell identity group.

To configure these identities within a cell ID group, set the parameter Physical Layer
ID.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:PLCI] :CIDGroup on page 719

Physical Layer ID
Sets the identity of the physical layer within the selected physical cell identity group,
set with parameter Physical Cell ID Group .

The physical layer ID determinates the Zadoff-Chu orthogonal sequence carried by the
PSS (P-SYNC) and used for cell search.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:PLCI]:PLID on page 719
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Cyclic Prefix (General DL Settings)
Sets the cyclic prefix length for all subframes.

The number of the OFDM symbols is set automatically.
"Normal" Normal cyclic prefix, i.e. the DL slot contains seven OFDM symbols.

"Extended" Extended cyclic prefix, i.e. the DL slot contains six OFDM symbols.
The extended cyclic prefix is defined to cover large cell scenarios with
higher delay spread and MBMS transmission.

NB-loT allocations cannot be activated.

"User Defined" To set the cyclic prefix length per subframe, use the parameter "DL
Frame Configuration" > "Cyclic Prefix".

Remote command:

[ : SOURce<hw>] :BB:EUTRa:DL:CPC on page 719

UL/DL Cyclic Prefix

In "Duplexing > TDD", determines the cyclic prefix for the appropriate opposite direc-
tion.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:UL:DLCPc on page 728

[ : SOURce<hw>] :BB:EUTRa :DL: ULCPc on page 720

PDSCHP_B
Defines the cell-specific ratio rho_B/rho_A according to TS 36.213 (Table 5.2-1).

The following table gives an overview of the resulting values of the parameter "PDSCH
Ratio rho_B/rho_A" as function of the values for the parameter [PDSCH P_B] and the
number of configured antennas.

PDSCH P_B 1 Tx antenna 2 or 4 Tx antennas
0 0.000 dB 0.969 dB

1 -0.969 dB 0.000 dB

2 -2.218 dB -1.249 dB

3 -3.979 dB -3.010dB

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:PDSCh: PB on page 720

PDSCH/PDCCH/PBCH Ratio rho_B/rho_A

Displays or sets the transmit energy ratio among the resource elements allocated for
PDSCH/PDCCH/PBCH in the OFDM symbols containing reference signal (P_B) and
such not containing one (P_A).

The PDSCH value is calculated form the parameter PDSCH P_B. It also depends on
the number of configured antennas.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:PDSCh:RATBa on page 720
[ :SOURce<hw>] :BB:EUTRa:DL:PDCCh:RATBa on page 720
[ : SOURce<hw>] :BB:EUTRa:DL: PBCH:RATBa on page 720
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PHICH Duration
Sets the PHICH duration, i.e. the allocation of the PHICH resource element groups
over the OFDM symbols.

The value selected puts the lower limit of the size of the PCFICH settings that is sig-
naled by the PCFICH.

If Activate Carrier Aggregation > "On", you can define the PHICH duration per compo-
nent carrier.

"Normal" All resources element groups of PHICH (see Number of PHICH
Groups) are allocated on the first OFDM symbol (OFDM Symbol 0).

"Extended" The resources element groups of PHICH are distributed over three
OFDM symbols for a normal subframe or over two symbols within a
special one.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:CA:CELL<ch0>:PHICh:DURation on page 763

PHICH N_g

Sets the parameter N_g according to TS 36.211, section 6.9.

If Activate Carrier Aggregation > "On", you can define the PHICH duration per compo-
nent carrier.

"1/6, 1/2,1,2" The used Number of PHICH Groups for the different subframes is cal-
culated according to the following formula:

group

|NQ{N%I 3 | for normal cyclic prefix
PHICH = )

E_NQ{N%I 8)| for extended cyclic prefix

In FDD mode, the calculated value corresponds directly to the param-
eter "Number of PHICH Groups".

In TDD mode, the number of PHICH groups is calculated as the prod-
uct of the N9y~ value multiplied with a coefficient selected from

the following table.

UL/DL Subframe number

Configuration |0 1 2 3 4 5 6 7 8 9
0 2 1 - - - 2 1 - - -
1 0 1 - - 1 0 1 - - 1
2 0 0 - 1 0 0 0 - 1 0
3 1 0 - - - 0 0 0 1 1
4 0 0 - - 0 0 0 0 1 1
5 0 0 - 0 0 0 0 0 1 0
6 1 1 - - - 1 1 - - 1

The parameter Number of PHICH Groups is read-only.

"Custom" (for Activate Carrier Aggregation > "Off")
The parameter Number of PHICH Groups is configurable.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CA:CELL<chO>:PHICh:NGParameter
on page 763

RA_RNTI
Sets the random-access response identity RA-RNTI for the users.

The value selected here determined the value of the parameter UE_ID/n_RNTI in case
a RA_RNTI "User" is selected.

See UE_ID/n_RNTI.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSETtings:RARNti on page 719

4.2.6 TDD frame structure settings

Access:
» Select "EUTRA/LTE > Duplexing > TDD".

TDD UL/DL Configuration TDD Special Subframe Config
3 2

The TDD frame is configured by adjusting the UL/DL configuration and the special
subframe configuration (see also Chapter 2.2.1.1, "OFDMA parameterization",
on page 21).

TDD UL/DL Configuration
Sets the UL/DL configuration number and defines which subframe is used for downlink
respectively uplink, and where the special subframes are located.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:TDD:UDConf on page 710

TDD Special Subframe Config

Sets the special subframe configuration number and together with the parameter
"Cyclic Prefix" defines the lengths of the DwWPTS, the guard period (GP) and the
UpPTS.

The DwPTS length selected with this parameter determines the maximum number of
the OFDM symbols available for PDSCH in the special subframe.

The UpPTS length selected with this parameter determines the maximum number of
the SC-FDMA symbols available for SRS in the special subframe.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:TDD:SPSConf on page 709

Number of UpPTS Symbols
Option: R&S SMW-K119 (if "Mode = LTE")
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Option: R&S SMW-K143 (if "Mode = eMTC/NB-1oT")
For TDD Special Subframe Config = 10, sets the number of UpPTS symbols.

In all other configurations, the number of UpPTS symbols is set automatically depend-
ing on:

e "TDD UL/DL Configuration" on page 108

e "TDD Special Subframe Config" on page 108.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:TDD:UPTS on page 710

Downlink signals settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Signals".

The "Signals" dialog comprises the settings of all DL signals.

e Synchronization and cell-specific reference signals (CRS/SYNC) settings.......... 109
NB-loT synchronization and cell-specific reference signals (NRS/N-SYNC) settings
............................................................................................................................... 111

e Positioning reference signal (PRS) settingsS......cccoooeeiiiiiiiiiiie, 112

®  CSI-RS SetliNgGS. ceiiiiiieiee e 116

e Discovery reference signals (DRS) Settings....cccovviveiiiiiccciiiiiiieee e 123

e Narrowband positioning reference signals (NPRS) settings..........ccccovvieeeiinnnnen. 128

e NB-loT wake-up signal (NWUS) SetlingS....ccceeeeeiiiicciiiiiiiieeie e e e 131

Synchronization and cell-specific reference signals (CRS/SYNC) settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".
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2. Select "General DL Settings > Signals > CRS/SYNC".

EUTRA/LTE A: General DL Settings

Scheduling PhysmaI/TDD PSRN A ntenna Ports

Downlink Reference Signal Structure

Reference Signal Power
0.00 dB

RS Power per RE relative to Level Display

Synchronization Signal Settings
P-/S-SYNC Tx Antenna

All

P-SYNC Power
0.000 dB

S-SYNC Power

0.000 dB

The dialog comprises the "Downlink Reference Signal Structure" and the "Synchro-
nization Signal Settings" sections. Use these settings to set the power level of the
reference signals and the P-/S-SYNC and to enable/disable the P-/S-SYNC.

Downlink Reference Signal Structure

Comprises the downlink reference signal settings, like the power of the reference sig-
nals.

For an overview of the provided power settings and detailed information on how to
adjust them, refer to Chapter 10.3, "Adjusting the signal power", on page 664.

Reference Signal Power < Downlink Reference Signal Structure
Sets the power of the reference signal (PRS relative).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:REFSig: POWer on page 714

RS Power per RE relative to Level Display «— Downlink Reference Signal Struc-
ture

If "EUTRAJ/LTE > State = On", displays the power of the reference signal (RS) per
resource element (RE) relative to the power value, displayed in the status bar ("Level").

If a MIMO configuration is enabled, the value of this parameter is equal for all anten-
nas; this applies also for the antenna configured in the path B.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:REFSig:EPRE? on page 715

Synchronization Signal Settings

In the "Synchronization Signal Settings" section, the power of the P-SYNC/S-SYNC is
set.
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P-/IS-SYNC Tx Antenna — Synchronization Signal Settings
Defines on which antenna port the P-/S-SYNC is transmitted.

The available values depend on the number of configured antennas.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:SYNC:TXANtenna on page 715

P-SYNC Power < Synchronization Signal Settings
Sets the power of the P-SYNC allocations.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:SYNC:PPOWer on page 715

S-SYNC Power — Synchronization Signal Settings
Sets the power of the S-SYNC allocations.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:SYNC:SPOWer on page 716

4.2.7.2 NB-loT synchronization and cell-specific reference signals (NRS/N-SYNC) set-
tings

Option: R&S SMW-K115

Access:

1. Select "Mode > LTE/eMTC/NB-loT"

2. Select "General > Link Direction > Downlink (OFDMA)".

3. Select "General DL Settings > Physical > Channel Bandwidth = 1.4 MHz"
4. Select "General DL Settings > Signals > NRS/N-SYNC".

EUTRA/LTE A: General DL Settings —_ X

Scheduling Physical " Antenna Ports
NB-loT Reference Signal Structure CRS/SYNC
Narrowband Reference Signal Power

NB-loT Synchronization Signal Settings

NP-/NS-Sync Tx Antenna
All

NP-SYNC Power
0.000 dB

NS-SYNC Power

0.000 dB

NRS/N-SYNC (NPSS/NSSS)
Option:R&S SMW-K115
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Access: "General DL Settings > Physical > Channel Bandwidth = 3 MHz" and "Signals
> NRS/N-SYNC".

Comprises the NB-loT Signals NRS and NPSS/NSSS settings.

Narrowband Reference Signal Power «— NRS/N-SYNC (NPSS/NSSS)
Sets the power of the narrowband reference signal (NRS).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:REFS1ig:NIOT:POWer on page 966

NP-/NS-Sync Tx Antenna <— NRS/N-SYNC (NPSS/NSSS)
Defines on which antenna port the NPSS/NSSS are transmitted.

The available values depend on the number of configured antennas, see NB-loT MIMO
Configuration.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:SYNC:NIOT:TXANtenna on page 966

NP-SYNC Power/NS-SYNC Power < NRS/N-SYNC (NPSS/NSSS)
Sets the power of the NPSS/NSSS allocations.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:SYNC:NIOT:NPPWr on page 966
[ :SOURce<hw>] :BB:EUTRa:DL:SYNC:NIOT:NSPWr on page 966

4.2.7.3 Positioning reference signal (PRS) settings
Option: R&S SMW-K84.

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Signals > PRS".

EUTRA/LTE A: General DL Settings ! X

Scheduling Physical/TDD q Antenna Ports
i — I MBSFN Cell Signals e —

Positioning Reference Signal Settings CRS/SYNC
PRS Configuration Index

PRS State

PRS Periodicity T_PRS Subframe Offset Delta_PRS

Number of PRS DL Subfr. (N_PRS) PRS Bandwidth

1 1.4MHz | [ JI8
PRS Power PRS Muting Info

0.000 d8 1. I
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This section comprises the setting necessary to configure the positioning reference
signals (PRS). See also "Positioning reference signals" on page 32.

PRS is transmitted solely.

If PRS and MBSFN are configured to be in the same subframe, MBSFN is skipped and

If a PDSCH is configured to overlap partially with the PRS bandwidth in a PRS sub-
frame, the PRS in these resource blocks is skipped then.

Example: Overlapping PDSCH, PRS and MBSFN
Perform the following settings:

PRS State = ON

PRS Configuration Index = 0

Number of PRS DL Subframes (N_PRS) = 2
PRS Bandwidth = 3 MHz

MBSFN Mode = Mixed

EUTRA/LTE: DL Frame Configuration

Use the OFDMA time plan to visualize the allocation of the PRSs.

- Subframe | 4 PCFICH| , PHICH| , (E)PDCCH
- ¥
Cell @ 1stSubframe || Subframes || View Mode _ Detach Time Plan
PCell 0 3 VRB -
OFDM Symbols
= 0 2 4 ? 8 1|D 12 14 16 18 2'0 22 2'4 26 28 30 32 34 3.6 38 40
235 N 3
[==] o, -
825 e ?
- e 77N
S :
& N
0 T T T L] T T T L L] L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 22 24 2.6 2.8 3
Time (/ms)

1 = PDSCH and PRS are overlapping in the subframe#0
2 = MBSFN is ignored in subframe#1

1+2 = two consequent PRS subframes with 3 MHz Bandwidth, i.e. one PRS occasion

3 = first MBSFN subframe

Example: How to visualize the effect of muting and omitting PRS transmission

Perform the following settings:

MHz"
the subframes.

tings, and enable the following:
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Select "EUTRA/LTE > DL Frame Configuration > Subframe Config" and configure

Select "EUTRA/LTE > General DL Settings > Signals > PRS", use the default set-
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"PRS Configuration Index = 1"
"Number of PRS DL Subframes (N_PRS) = 2"
"PRS State > On"

® Select "EUTRA/LTE > General DL Settings" and open the OFDMA time plan to vis-
ualize the configured allocations.
Tip: Select "Show Time Plan in Dialog" to easy switch between dialogs with set-
tings and the time plan.

EUTRA/LTE: DL Frame Configuration — X

; Subframe PCFICH PHICH (E)PDCCH

Cell 1st Subframe || Subframes || View Mode o Detach Time Plan
PcCell 0 4 VRB
OFDM Symbols

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
15

N 07

o

Resource Block

[=T%]

T T T
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4

Time (/ms)
[PecH [ese]

"%ﬁ [Prs [ ZeroTxPower cst ]

Dummy

The time plan confirms the transmission of one PRS occasion, consisting of two
consequent PRS subframes with 1.4 MHz bandwidth, transmitted in subframe#1
and subframe#2.

® Select "EUTRA/LTE > DL Frame Configuration > Behavior in Unsch. RE (OCGN) >
Dummy Data"

® Select "EUTRA/LTE > DL Frame Configuration > Dummy Data Configuration >
Omit PRS Subframes"

® Observe the allocations displayed on the time plan.
EUTRA/LTE A: Time Plan X

OFDM Symbols
§ 7 9 M 13 165 17 19 21 23 26 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

=
NN

“
NN
SRR

NN

NN NN

02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Time (Ims)
No. of Subframes 4| First Subframe 0‘ View Mode |VRB - Cell Index E
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The time plan confirms that the PRS subframes are not filled in with DTX.
® Select "EUTRA/LTE > General DL Settings > PRS" and set "PRS Muting Info = 01"
® Observe the allocations displayed on the time plan.

EUTRA/LTE: DL Frame Configuration

View Mode

Cell 1st Subframe || Subframes J
PCell 0 4 VRB

OFDM Symbols

—i
wn

Sf3 Sf3 S(.;

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 M4 5

Detach Time Plan ... |

tRerYphs]

| ZeroTxPower cst |

Dummy

k-
8
= 10
g
E 6
4]
=2
u T T T
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28
Time (/ms)

3 32 34 36 38 4

The time plan confirms that the PRS is muted; there is no transmission of PRS in
the subframe#1 and subframe#2. The muted PRS subframes are not omitted; the
allocation-free resource blocks in these subframes are filled with DTX.

PRS State..ueiiiiiieii i
PRS Configuration INdeX........ccccuveeeiiieeeeiiiecciieeeeeee e
PRS Periodicity T PRS........cccoiiiiieieee e
PRS Subframe offset Delta PRS.............ccco i,
Number of PRS DL Subframes (N_PRS)......cccoocciiiiiiiis
PRS Bandwidth..........cccuueiiiiiiiiiie s
PRS POWET ...ttt e e e e e
PRS MUtiNg INTO...cciiiiiiiiiee e

PRS State
Enables the generation of the PRS.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:PRSS:STATe on page 722

PRS Configuration Index

Sets the PRS Configuration Index Iprg as defined in TS 36.211 (table 6.10.4.3-1).

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:PRSS:CI on page 721

PRS Periodicity T_PRS

Displays the periodicity of the PRS generation (Tprg) as defined in TS 36.211 (table

6.10.4.3-1).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:PRSS: TPRS? on page 723
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PRS Subframe offset Delta_PRS
Displays the subframe offset of the PRS generation (Deltapgs) as defined in TS 36.211

(table 6.10.4.3-1).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:PRSS:DPRS? on page 721

Number of PRS DL Subframes (N_PRS)
Defines the number of consecutive DL subframes in that PRS are transmitted. Several
consecutive DL subframes build one PRS occasion.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL: PRSS:NPRS on page 722

PRS Bandwidth
Defines the RBs in which the PRS is transmitted.

Note: The PRS Bandwidth must not be bigger than channel bandwidth.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL: PRSS: BW on page 721

PRS Power
Sets the power of a PRS resource element relative to the power of a common refer-
ence signal resource element.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL: PRSS: POW on page 722

PRS Muting Info

Specifies a bit pattern that defines the muted and not muted PRS. The bit pattern can
be 2, 4, 8 or 16 bit long, where each bit defines the PRS state of one PRS occasion.
The parameter Number of PRS DL Subframes (N_PRS) defines the length of the PRS
occasions.

See Example"How to visualize the effect of muting and omitting PRS transmission"
on page 113

"o" PRS is muted in the corresponding PRS occasion.
""" PRS is not muted, i.e. PRS is transmitted in the corresponding PRS
occasion.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:PRSS:MIPattern on page 723

CSI-RS settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Signals > CSI".
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Cell

pcell CSI-RS in DWPTS

ZeroTxPower CSI-RS Structure

R e b

CSI-RS State

Non ZeroTxPower CSI-RS Structure

Number of Antenna Ports
per CSI-RS Configuration

Number of CSI-RS Configurations

Scheduling Physical . Antenna Ports
Manual . MBSFN Cell Signals 1 TxAntenna
o S—

Subframe Config (I_CSI-RS)

8
Periodicity (T_CSI-RS) @[~ Subframe Offset (Delta_CSI-RS)
S
CSI-RS Power Scrambling Identity (n_ID)
0.000 dB
CDMType

CDM4

General DL settings / general TDD DL settings

This dialog comprises the settings for configuring the channel-state information refer-
ence signal (CSI-RS) structure. For detailed information, see "CSI reference signals"

on page 33.

The TS 36.211 specifies the occurrence of the CSI reference signal in the subframes

as function of the subframe configuration period T;g.rs and the subframe offset

Deltacsi.rs. The available value ranges are listed in Table 4-3 [TS 36.211]. The parame-
ter Icsi.rs Ccan be configured separately for the zero (ZeroTxPower CSI-RS Structure)
and non-zero transmission power ("NonZeroTxPower CSI-RS Structure" on page 120)

cases.
Table 4-3: CSl reference signal structure configuration
CSI-RS subframe configuration | CSI-RS periodicity Tcg.rs CSI-RS subframe offset
Icsirs (subframes) Deltacsi.rs
(subframes)
Oto4 5 lcsirs
5to 14 10 lesirs - 5
15 to 34 20 lesirs - 15
35 to 74 40 lesirs - 35
75 to 154 80 lesirs - 75

How to enable and visualize a CSI-RS transmission

1. Select "EUTRA/LTE > Set to Default".
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Select "EUTRA/LTE > Link Direction > Downlink (OFDMA)".
Select "EUTRA/LTE > State > On".
Select "EUTRA/LTE > General Downlink Settings".

o > oD

Select "General Downlink Settings > Signals > CSI-RS".
Configure the settings as required.
For example, enable the settings displayed in the figure above.

6. Enable "Cell-specific CSI-RS Structure > Subframe Config (I_CSI-RS) = 1".

7. Select "Cell-specific CSI-RS Structure > CSI-RS State > On".
Close the dialog.

8. Select "EUTRA/LTE > Frame Configuration".

9. LAA s disabled in this example. If LAA is configured and thus "Scheduling >
PDSCH Scheduling = Auto/DCI" is used, the "Subframe" setting are automatically
configured. To observe the allocation of the physical resources, open the time plan
(see step 10). Otherwise proceed as follows:

Configure the subframe selected for the CSI-RS transmission:

a) Select "Frame Configuration > Subframe > Subframe Selection = 1" to config-
ure the subframe selected for the CSI-RS transmission.

b) Set "No. of Used Allocations = 2".
The allocation table displays the activated PDSCH allocation with the corre-
sponding number of used "Phys. Bits".

c) In the allocation table, for this PDSCH allocation, select "Ench. Settings > Con-
fig".

d) In the "Enhanced Settings" dialog, select "CSI-RS > Awareness > On".

e) In the allocation table, select the PDSCH allocation. Compare the number of
used "Phys. Bits".

The displayed information confirms, that less physical bits are allocated for the
PDSCH, because some resources are reserved for the CSI-RS transmission.

Tip: Use the parameter CS| Awareness State to inform an UE that a CSI-RS trans-
mission is used.

10. Select "Frame Configuration > Time Plan".
Set "No of Subframes = 10".
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EUTRA/LTE A: Time Plan —_ X
OFDM Symbols
1 7(3‘7 1: 16 72! 275 3|17 267774“1 4§ 75|1 756 51 rslsi 71 77‘67 Ej 86 79: gE 1(‘]17 1967771“]1 15 3217126 1:171:"57
p
42
39
36
ﬁ33
%30 L]
@27
Al I
218
15
12
9
6
3 T Ll A A [ [ L4 L4 (G
04 08 12 15 20 24 28 32 36 40 44 T@.Fa (‘5.‘2) 56 60 64 68 72 76 80 84 88 92 96 100
s [useRa racH]wssen sio)
RS%SﬁZernTxPower CS
No. of Subframes 10| First Subframe 0‘ View Mode |VRB - Cell Index D‘
L7 SR 119
CSI-RS IN DWPTS. .ttt ettt e e e e e e e s st te e e s e nbae e e e ennteeeeeennnees 119
Zer0TXPower CSI-RS SHrUCIUIE.......coe et a e e 120
L ZeroPOWEICSI-RS (HEX)......evceeeeieeeeeeeeeeeeeeeeeeeses s eeenes e e sesese s s e 120
L Subframe Config (I_CSI-RS).....c.oiuiueiieieeeseeeeeseee et 120
L PeriodiCity (T_CSI-RS)...cviiivieeeeeceeeeeeeeeeeeeteteeeee st s et 120
L Subframe Offset (Delta_ CSI-RS).......cuieeeeeeeeeeeee ettt 120
NonZeroTxPower CSI-RS StruCtUre..........ooooiiiiiiiecccccece e, 120
L CSI-RS SHAE.....ceveeeececeeeeeceeee ettt see e esae s en e s s st en s nensnsenans 120
L Number of CSI-RS Configurations..............cccceveuererereeeseeeesseessssseseesesenenns 120
L Number of AP per CSI-RS Configuration............cccceeeeeeeeeeeeeeeeseeseeseenees 121
L Subframe Config (I_CSI-RS)......ouieeieeeeeeeeeeee et e s e e ee e s 121
L PeriodiCity (T_CSIFRS)....viiivceeeeeeeeeeeeeeeeeeeetetsesee et s et 121
L Subframe Offset (Delta_CSI-RS).......coiieiriieieeeeeeeeeseseseee s 121
L CSI-RS POWE.......ooeeeeecveeeceeteeeeeete st senee e enas e sen s en st s s s anasaesans 121
L Scrambling Identity (N_ID)........ceueueueueeeeeeeeeeeeeeeeeeeeeeeeeee e ee e e s s neneees 122
o]0 1LY 1 1Y/ Y=YV 122
L CSI-RS CONfIGUIAtIONS......coceeiveeeeeeeeeeeeee ettt ee s 122
L CSI-RS CONFIGUIALION H..v.eeeee ettt 122
L ReSOUrce CONfIQUIALION. ......covcveeeeeeeeeeeeeeeeeeee e eeee e ee e e e es 122
L Frequency DENSItY........c.ccoviieeeceeeeeeeeeeeeeee st 122
L TransmiSSION COMD.......uee e eeeeee e ee e ee e e 123

Cell
With enabled "General DL Settings > CA > Activate Carrier Aggregation > On" state,
indicates to which cell (i.e. component carrier) the settings apply.

Remote command:
n.a

CSI-RS in DWPTS

Enables transmission of the CSI-RS in the Downlink Pilot Time Slot (DwPTS) parts of
the TDD frame.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :DWPTs on page 769

ZeroTxPower CSI-RS Structure
Option: R&S SMW-K113

From LTE Rel. 12 on, eNBs support one (ZP CSI-RS #0) primary and one additional
(ZP CSI-RS #1) zero-power CSI reference signal for each cell.

ZeroPowerCSI-RS (HEX) < ZeroTxPower CSI-RS Structure

Sets the used CSI-RS configurations in the zero transmission power subframes.
Required is a 16-bit-long hexadecimal value (bitmap). The UE assumes a zero trans-
mission power for each bit set to one.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<chO>] [:ZPRS<st0>] :ZP
on page 767

Subframe Config (I_CSI-RS) — ZeroTxPower CSI-RS Structure
Sets the parameter Igg,.rs for CSI-RS with zero transmission power, see Table 4-3.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<chO0>] [:ZPRS<st0>]:ZPI
on page 768

Periodicity (T_CSI-RS) «— ZeroTxPower CSI-RS Structure

Sets the parameter subframe configuration period Tcg.rs for CSI-RS with zero trans-
mission power, see Table 4-3.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<chO0>] [:ZPRS<st0>] :ZPT?

on page 768

Subframe Offset (Delta_CSI-RS) < ZeroTxPower CSI-RS Structure

Sets the parameter subframe offset Deltacg,.rs for CSI-RS with zero transmission
power, see Table 4-3.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<chO0>] [:ZPRS<st0>] :ZPDelta?
on page 767

NonZeroTxPower CSI-RS Structure
Comprises the following cell-specific parameters:

CSI-RS State — NonZeroTxPower CSI-RS Structure
Enables the transmission of a CSI-RS, see also "How to enable and visualize a CSI-
RS transmission" on page 117.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :STATe on page 767

Number of CSI-RS Configurations < NonZeroTxPower CSI-RS Structure
Option: R&S SMW-K119
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Enables using multiple CSI-RS configurations and sets the value of the parameter
NresCSI-

To define the individual configurations, use the parameters Resource Configuration,
Frequency Density and Transmission Comb.

See also Chapter 2.2.8.4, "Full dimension MIMO (FD-MIMO)", on page 59.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :NCFG on page 769

Number of AP per CSI-RS Configuration — NonZeroTxPower CSI-RS Structure

Defines (or indicates) the number of antenna ports (one, two, four or eight) the CSI-RS

are transmitted on.

Option: R&S SMW-K119

® This field is configured automatically, if Number of CSI-RS Configurations= 2 is
selected.
The value indicates the number of antenna ports per CSI-RS configuration Npg©'
and is selected to comply with the aggregation rule, given in Table 2-8.

® The value displayed in the "DRS" > "CSI-RS" on page 126 dialog resembles the
value set in the "CSI-RS" dialog.

Use the Cell-Specific Antenna Port Mapping and configure the cell-specific antenna

port mapping.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :NAP on page 765

Subframe Config (I_CSI-RS) — NonZeroTxPower CSI-RS Structure
Sets the parameter Iqg.rs for cell-specific CSI-RS, see Table 4-3.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>]:SFI on page 766

Periodicity (T_CSI-RS) — NonZeroTxPower CSI-RS Structure
Indicates the parameter subframe configuration period T.g,.rs for cell-specific CSI-RS,
see Table 4-3.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>]:SFT? on page 766

Subframe Offset (Delta_CSI-RS) < NonZeroTxPower CSI-RS Structure
Indicates the parameter subframe offset Deltacg,.rs for cell-specific CSI-RS, see
Table 4-3.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>]:SFDelta? on page 766

CSI-RS Power — NonZeroTxPower CSI-RS Structure
Boosts the CSI-RS power compared to the cell-specific reference signals.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :POW on page 765
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Scrambling ldentity (n_ID) < NonZeroTxPower CSI-RS Structure
Option: R&S SMW-K112

Sets the additional scrambling identity n_ID used to generate the NonZeroTxPower
CSI-RS, as specified in LTE Rel. 11.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>]:SCID on page 769

CDMType — NonZeroTxPower CSI-RS Structure
Option: R&S SMW-K119

Sets the higher-level parameter CDMType that influence the antenna port mapping of
the CSI-RS.

CDMS8 type is available if the product of Number of CSI-RS Configurations * Number of
AP per CSI-RS Configuration = {24 or 32}

See also Chapter 2.2.8.4, "Full dimension MIMO (FD-MIMO)", on page 59.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :CDMType on page 770

CSI-RS Configurations «— NonZeroTxPower CSI-RS Structure
Table with several rows, where the number of rows depends on the Number of CSI-RS
Configurations.

CSI-RS Configuration # — CSI-RS Configurations < NonZeroTxPower CSI-RS
Structure
Option: R&S SMW-K119

Indicates the configuration number, where the number of configurations is set with
Number of CSI-RS Configurations.

Resource Configuration < CSI-RS Configurations < NonZeroTxPower CSI-RS
Structure

Defines the CSI-RS configuration used for the current cell and for which the UE
assumes non-zero transmission power. The zero transmission power subframes are
determined by the ZeroPowerCSI-RS (HEX).

Option: R&S SMW-K119

From LTE Rel. 13 on, cells can use multiple CSI-RS configurations. Select Number of
CSI-RS Configurations 2 2 to enable this feature and be able to select an individual
CSI-RS configuration value for each of the enabled configurations.

The Number of AP per CSI-RS Configuration and the CDMType are set automatically.
All other CSI-RS configuration settings are common for all CSI-RS configurations.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :CONFig[<st>]
on page 765

Frequency Density < CSI-RS Configurations — NonZeroTxPower CSI-RS Struc-
ture
Option: R&S SMW-K119
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Sets the parameter NZP-FrequencyDensity and thus defines the CSI-RS mapping
to resource elemets according to TS 36.211.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<chO>] :FRDensity[<st>]
on page 770

Transmission Comb «— CSI-RS Configurations < NonZeroTxPower CSI-RS
Structure
Option: R&S SMW-K119

Sets the parameter NZP-TransmissionComb and thus defines the CSI-RS mapping
to resource elemets according to TS 36.211.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<chO0>] :TRANscomb [<st>]
on page 770

4.2.7.5 Discovery reference signals (DRS) settings
Option: R&S SMW-K119

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".

2. Select "General DL Settings > Scheduling > PDSCH Scheduling" > "Auto/DCI or
Auto Sequence".

3. Select "General DL Settings > CA" > "SCell" > "Duplexing" > "LAA".
4. Select "General DL Settings > Signals > DRS".

EUTRA/LTE A: General DL Settings

Scheduling Phywcal Antenna Ports
Auto/DCI - . el Cell Slgnals 1 TxAntenna

5. To access the CSI-RS settings, select "CSI-RS > Config".
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EUTRAILTE A: CS..uration (5Cel 1) [N S
CSI-RS Part of DRS E

ZeroTxPower CSI-RS Structure

Number of CSI-RS Configurations

NonZeroTxPower CSI-RS Structure
NMumber of CSI-RS Antenna Ports o

Number of CSI-RS Configurations

6. During a discovery signal occasion, the eNB can configure up to 5 zero-power CSI
reference signals (CSI-RS) and up to 96 non-zero-power CSI reference signals
within the DRS period.

To configure the CSI-RS:

a) Set"CSI-RS Part of DRS = On"
b) Set "ZeroTxPower/NonZeroTxPower > Number of CSI-RS Configurations = 1"
c) Configure the CSI-RS structures as required.

This dialog comprises settings, necessary to configure the discovery reference sig-
nals occasions for the LAA cells.

For configuration of the LAA burst, see Chapter 4.3.8, "LAA settings", on page 167.
See also "Discovery reference signal (DRS)" on page 58.

How to set the ARB sequence length for signals composed of DRSs with differ-
ent periodicity

Per default, the R&S SMW uses an ARB sequence length of 1 frame. Thus the gener-
ated signal is 10 ms long and comprises the first LAA frame. This frame is then repea-
ted cyclically.

If DRS signals with different periodicity are configured, you have to adjust the length of
the generated signal so that it contains the whole DRS periodicity of all DRSs.

1. Select "LTE > Filter/Clipping/ARB/TDW/Power Settings > ARB" to observe the cur-
rent signal length.
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2. Calculate the required ARB sequence length as follows:
"ARB Sequence Length" = k*LCM("Periodicity"pcey, "Periodicity"sceps, --- "Perio-

dicity"scelus)/10

Where:

e Kkis a multiplier and k= 1

e LCM is the standard least common multiple mathematical function

e "Periodicity"pceiscensn is the DRS periodicity in milliseconds of each of the

active cell with enabled DRS signals.

3. Set"ARB > ARB Sequence Length" to the calculated value.

Settings:
L ST 125
S = L= SRR 125
(=T oTo [ o7 PP PP UPP PP PPPPPPPPRP 125
L3 7= S 126
D 11 7= [ T PRSP 126
11 (=T 4 o FO O PP P PUUPPRTTN 126
L] o T SR 126
L CSI-RS Part 0f DRS.......covivivieieeeeecceeeeseeeeteeseses s tsssee s s sessssssesesesss e 127
L ZeroTxPower/NonZeroTxPower CSI-RS Structure>Number of CSI-RS Config-
LU= 111 1SS 127
L ZErOPOWET CSI-RS.....ooieeeeeeeeeeeee oot eeee et 127
L Subframe Config (I_CSI-RS).....ccueueveveeeereeeeeieeeeeeeeeeeteeeeeeseseesesseenesennenees 127
L PeriodiCity (T _CSI-RS) ..o ieiieceeeeeeeeees ettt s e et s s en s es 127
L Subframe Offset (Delta_CSI-RS).......cuioeieeeeeeeee et et eee e e e 127
L Number of AP per CSI-RS Configuration............ccceeeeeeeoeoeeeeeeeeeereeeseneeen 128
L Scrambling Identity (N_ID)........ceueueueueeeeeeereeeeeeeeeeeeeeeeseae et te e ee e ee e e naeeees 128
L CSI-RS CONFIGUIALION. .......c.oeeeeecececececeeeeieeeteeee et 128
L Subframe Offset With SSS.........cceuiveiieriierieireeeee et 128
L QOMfSEL...vuvrveiecececerete sttt sttt 128
Cell

Indicates the cell (PCell or SCell) the displayed settings belong to.

Remote command:
n.a.

State
For LAA SCells, enables the selected discovery reference signal occasion configura-
tion.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:STATe on page 773

Periodicity
Defines how often the DRS measurement timing configuration (DMTC) occasion
appears.

A DMTC occasion lasts 6 ms and can appear each 40 ms, 80 ms or 160 ms.
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See also "Discovery reference signal (DRS)" on page 58.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:PERiodicity on page 773

Offset
Offsets the DRS within the periodical DRS occasion, see Figure 2-35.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:0FFSet on page 773

Duration
Sets or indicates the DRS duration.

® For LAA SCells, "Duration = 1 ms"
® |n FDD mode, "Duration =2 to 5 ms"

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:DURation on page 774

Pattern
A DRS is 1ms long (see Duration) and is transmitted zero times or at most once in
any subframe during the DMTC occasion.

For LAA SCells, this parameter defines the DRS subframes for 20 DMTC occasions.

The values are set as a sequence of up to 20 values within the range -1 to 5 and indi-

cate the following situations:

® -1:no DRS transmission

e 0,1,2,3,4,5: DRS transmitted in the first/second/third/fourth/sixth subframe of the
DMTC occasion

L DMTC period R
L 3 Ll . DRS
loffsetl LBT | |
> | [@ PDSCH
| | | | [J DRS occasion
| |
[T T T T T lslolizlsl4[s] TT 1 Subfranies
Figure 4-7: DRS allocation
DRS = Discovery reference signal
LBT = Listen-before-talk
DMTC = DRS measurement timing configuration
DRS occasion = Subframes during the DMTC period where DRS can occur
PDSCH = Physical DL shared channel

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:PATTern on page 774

CSI-RS

During a discovery signal occasion, the eNB can configure up to 5 zero-power CSI ref-
erence signals (CSI-RS) and up to 96 non-zero-power CSI reference signals within the
DRS period.

To configure the CSI-RS:
® Set"CSI-RS Part of DRS = On"
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Set "ZeroTxPower/NonZeroTxPower > Number of CSI-RS Configurations = 1"
Configure the CSI-RS structures as required.

In the "Signals > CSI-RS" dialog, define the parameter Number of AP per CSI-RS
Configuration for the LAA "Cell".

CSI-RS that is part of the DRS uses the same antenna ports (APs) as the CSI-RS, see
"Mapping table" on page 225.

Provided are the following ZeroTxPower and NonZeroTxPower parameters:

CSI-RS Part of DRS < CSI-RS
Enables defining the CSI-RS part of the DRS.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CDSTate on page 774

ZeroTxPower/NonZeroTxPower CSI-RS Structure>Number of CSI-RS Configura-
tions — CSI-RS

Enables up to 5 ZeroTxPower CSI-RS and up to 96 NonZeroTxPower CSI-RS within
the DRS period.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:ZPNum on page 774
[ : SOURce<hw>] :BB:EUTRa: DL : DRS: CELL<ch0>:NZPNum on page 775

ZeroPower CSI-RS — CSI-RS

Sets the used CSI-RS configurations in the zero transmission power subframes.
Required is a 16-bit-long hexadecimal value (bitmap). The UE assumes a zero trans-
mission power for each bit set to one.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:ZP on page 775

Subframe Config (I_CSI-RS) — CSI-RS
Sets the parameter Igg.rs for CSI-RS with zero transmission power.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:ZPI on page 775

Periodicity (T_CSI-RS) < CSI-RS
Indicates the parameter subframe configuration period Tcg,.rs for CSI-RS with zero
transmission power.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:ZPT? on page 776

Subframe Offset (Delta_CSI-RS) < CSI-RS

Indicates the parameter subframe offset Aqg.rs for CSI-RS with zero transmission
power.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:ZPDelta?
on page 776
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Number of AP per CSI-RS Configuration < CSI-RS
Defines (or indicates) the number of antenna ports (one, two, four or eight) the CSI-RS
are transmitted on.

Option: R&S SMW-K119

® This field is configured automatically, if Number of CSI-RS Configurations= 2 is
selected.
The value indicates the number of antenna ports per CSI-RS configuration Npq©'
and is selected to comply with the aggregation rule, given in Table 2-8.

® The value displayed in the "DRS" > "CSI-RS" on page 126 dialog resembles the
value set in the "CSI-RS" dialog.

Use the Cell-Specific Antenna Port Mapping and configure the cell-specific antenna

port mapping.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:CSIS[:CELL<ch0>] :NAP on page 765

Scrambling Identity (n_ID) < CSI-RS
From LTE Rel. 12 on, eNBs can generate the individual NonZeroTxPower CSI-RS with
separate scrambling identity njp (scramblingIdentity) [TS 36.331].

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:NZSCid
on page 777

CSI-RS Configuration < CSI-RS
Defines the CSI-RS configuration used for the current cell and for which the UE
assumes non-zero transmission power.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:NZConfig
on page 777

Subframe Offset with SSS — CSI-RS

Indicates the parameter subframe offset (subframeOffset) between the secondary
synchronization signal (SSS) and the CSI-RS resource in a discovery signal occasion
[TS 36.331].

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:NZSFoffset
on page 777

Q-Offset — CSI-RS
Sets the parameter Q-offset for cell-specific CSI-RS [TS 36.331].

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DRS:CELL<ch0>:CSIRs<st>:NZQoffset
on page 778

Narrowband positioning reference signals (NPRS) settings

Option: R&S SMW-K143
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Access:

1. Select "Mode > LTE/eMTC/NB-IoT"

2. Select "General > Link Direction > Downlink (OFDMA)".

3. Select "General DL Settings > Physical > Channel Bandwidth = 3 MHz"
4. Select "General DL Settings > Signals > NPRS".

EUTRA/LTE A: General DL Settings —_ X

Scheduling Physical . Antenna Ports u
. MESER oel Slgnals 1 TxAntenna . NE-loT | eMTC

Positioning Reference Signal Settings

——— /ﬁj NPRS Parameter i
Part A+ Part B
NPRS Power NPRS ID
0.00 dB 0
NPRS Sequence Information NPRS Bitmap
0 10
. NPRS Muting Information A
NPRS Bitmap Config ... 1.
NPRS Period NPRS Start Subframe
160ms | 0| NPRS
NPRS Number of Subframes NPRS Muting Information B
10ms | e B nwus

Comprises the settings for configuring the content of the PRS-Info-NB message, as
defined in TS 36.355. This message contains information related to the configuration of
the NB-loT narrowband positioning reference signals (NPRS) in a cell.

[N S S ] = (= TSR 129
NPRS Parameter........coo oottt a e e aaaaa e 129
NPRS POWET ... ..ttt e e e e e e ettt ettt te ettt aeseeeeeaaaaaaaaseeeeeeennns 130
N S T |0 PR 130
NPRS Sequence INformation...........oooicccciiiiiiiiei e ee e e 130
N S T =114 o= o J ST 130
NPRS Bitmap Config......ciiocciiiiiiiii ettt s e e e e e e e e e s s et eneeeaaeae s 130
NPRS Muting INformation A/B.......coccee oottt e e e e e 131
[N S TN T4 o T SRR 131
NPRS Start SUDramMe.....ooeeeeieeee e e e e e e e e e eeeens 131
NPRS Number of SUDframes.........ooo e 131
NPRS State

Enables using the narrowband positioning reference signals (NPRS).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:STATe on page 967

NPRS Parameter
Defines which type of NPRS is used.

"Part A" Indicates a NPRS that is configured based on a bitmap of subframes,
which are not NB-loT downlink subframes.
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"Part B" Enabled if "General DL Settings > NB-loT > Carrier Type = Anchor"
and "Carrier Mode = Standalone/Guard Band".
Indicates that a NPRS is configured based on a NPRS Period, sub-
frame offset (NPRS Start Subframe) and a number of consecutive
NPRS DL subframes per position occasion (NPRS Number of Sub-
frames).

"Part A+B" A subframe contains NPRS if both conditions for part A and Part B
are fulfilled.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:CONF on page 967

NPRS Power
Sets the power of the narrowband positioning reference signal (NPRS).

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS: POW on page 967

NPRS ID
Sets the NPRS-ID used for the generation of the NPRS instead of using the physical
cell ID (PCI).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS: 1D on page 968

NPRS Sequence Information
Sets the parameter nprsSequenceInfo that specifies the index of the physical
ressource block (PRB) containing the NPRS.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:SEIN on page 968

NPRS Bitmap
Sets if the NPRS subframe Part A configuration lasts 10 ms or 40 ms
(subframePatternl 0, subframePatternd O).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:BMP:CONF on page 968

NPRS Bitmap Config
Opens a configuration dialog and sets the NPRS bitmap.

EUTRA/LTE: NPRS Bitmap

The dialog indicates whether a subframe (SF) is used for NPRS transmission. If an SF
is disabled, it does not contain NPRS; such subframes are indicated with value '0" in
the bitmap.

The selected subframes influence the scheduling of the NPRS transmissions.

User Manual 1175.6703.02 — 34 130



EUTRA/LTE/loT

EUTRAI/LTE configuration and settings

4.2.7.7

General DL settings / general TDD DL settings

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:BMP:VALSubframes<ch>
on page 968

NPRS Muting Information A/B
Sets the nprs-MutingInfoA/nprs-MutingInfoB parameter, required if muting is
used for the NPRS part A (and Part B) configurations.

"NPRS Mutinginfo B" is displayed if NPRS Parameter = "Part B" or "Part A+B".

The nprs-MutingInfo field is a periodically repeating bit sequence with a length of
2, 4, 8 or 16 NPRS position occurrences, where:

"1" indicates that the NPRS is transmitted in the corresponding occasion; a "0" indi-
cates a muted NPRS.

For Type A configuration, a NPRS position occasion comprises one radio frame (10
subframes). The muting sequence is applied to all subframes that follow the
nprs-MutingInfoA message.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:MTIA on page 969
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:MTIR on page 969

NPRS Period
For NPRS Part B configuration, sets the parameter nprs-pPeriod, that defines the
NPRS occasion period Typrs-

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:PERiod on page 969

NPRS Start Subframe
For NPRS Part B configuration, sets the parameter nprs-startsF, that defines the
subframe offset aypgrs.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:STSFrame on page 970

NPRS Number of Subframes
For NPRS Part B configuration, sets the parameter nprs-NumsF, that defines the
number of consecutive DL subframes Nyprs Within one NPRS positioning occasion.

If Nnprs > Taers, the UE should that NPRS is not transmitted in the cell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:NPRS:SFNM on page 970

NB-loT wake-up signal (NWUS) settings

Access:

1. Select "General > Link Direction > Downlink".
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2. Select "General DL Settings > Signals > NWUS".

EUTRA/LTE A: General DL Settings —_ X

Physical " Antenna Ports u
10 MHz Slgnals $ ST _

Wake Up Reference Signal Setlings CRS/SYNC
NWUS State NWUS Power
0.00 dB
NWUS Max Duration | NWUS Start Subframe
1 1
NWUS Time Offset i NWUS Actual Duration
40MS 1
Paging Start Subframe G‘
1
Option: R&S SMW-K146
Settings:
NWWUS SEatB. ettt et e e e e e e e e e e e e e e e e e e e e e eeeeeaebe bbb aannns 132
NWUS MaX DUFAEION....eeeiiiiieeie ittt e e e e e e e e e e e e e s e e e e e e e e eaaeeeesannnnns 132
NWVVUS POWET ...cciiiieiei ettt e e e et e et e e e e e e e s e s et e e b e e e e e eeaaeeessasnnnbesareeeaaaaaaeanan 132
NWUS Start SUDTramME.....oeeiiieiccecee e e e e e e e e e e e e e e e eeeeeens 132
NWUS TimeE OFfSEL....cooeeiieieieeeee et e e e e e e e e e eeeaaan 133
NWUS AcCtual DUAtioN... ... e e e e e e e e e e e e e e e ee e eeeeeaeaaees 133
Paging Start SUbframe........cooo i 133
NWUS State

Enables the NB-loT wake up signal. If enabled, the wake-up signal (WUS) configura-
tion is provided in system information.

WUS events are displayed in logging data.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS:STATe on page 972

NWUS Max Duration
Sets the maximum WUS duration, expressed as a ratio of R,,,.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS:MAXDuration on page 971

NWUS Power
Sets the transmit power of NB-loT wake up signal

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS: POW on page 971

NWUS Start Subframe
Specifies the first subframe for paging associated with a WUS transmission.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS:SF on page 971
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NWUS Time Offset
Sets the offset from the end of the configured maximum WUS duration to the associ-
ated paging occasion.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS:TO on page 972

NWUS Actual Duration
Sets the duration of WUS in subframes.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS : ACD on page 970

Paging Start Subframe
Queries the first paging occasion in subframes associated with WUS.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:NIOT:WUS:PSF? on page 971

Antenna ports settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Antenna Ports".
In the "Antenna Ports" section, the MIMO configuration and the simulated antennas

are defined.

The provided settings depend on the selected "System Configuration > Fading and
Baseband Configuration > Mode" and the enabled LxMxN MIMO scenario, i.e. the
number of enabled "Entities", "Basebands" and "Streams".

For details, see R&S SMW User Manual.
See Table 4-4. Compare the displayed settings for the same 4x4 MIMO configuration.
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Table 4-4: Antenna ports settings depending on the enabled MxN MIMO configuration and System
Configuration > Fading/Baseband Configuration > BB Source Config mode

Mode "System Configuration > Fading/Baseband Configuration > 1x4x4"
"Separate"
Scheduling Physical Antenna Ports
I MBSFN 4TxAn!ennas I
Global MIMO Configuration Simulated Antenna
4 TxAntennas Antenna 2

Cell-specific Antenna Port Mapping
Mapping Coordinates

Cartesian |

0 1.000+j0.000 | 1.000+j0.000 | 1.000+j0.000

"Coupled"
Scheduling Physical Antenna Ports
I M Bs FN -m 4 TXAnlennas .

Global MIMO Configuration
4 TxAntennas
Cell-specific Antenna Port Mapping

Mapping Coordinates

Cartesian |

PCell o 1.0004j0.000 | 1.000+j0.000 | 1.000+j0.000

PCell 0 0.000+4j0.000 | 0.000+j0.000 | 0.000+j0.000

PCell 0 0.000+j0.000 | 0.000+j0.000  0.000+j0.000

PCell 0 0.000+j0.000 | 0.000+j0.000 | 0.000+j0.000
Global MIMO Configuration..............eeeeiieiiiiiiiccieee e e e e 134
Simulated ANTENNA. ... ...t a e 135
NB-10T MIMO Configuration..........oocuueeiii it 135
Cell-Specific Antenna Port Mapping......cccccveereeeieieree e e e e e ee e e e 136

Global MIMO Configuration
Determines the number of transmit antennas of the simulated EUTRA/LTE system.

The Downlink Reference Signal Structure is set accordingly (see also Figure 2-9).
Note: One baseband simulates one antenna.
"1 TxAntenna" Enables single antenna port transmission.

"2 TxAntennas/4 TxAntennas"
Enables a multiple antenna transmission. The transmission mode,
transmit diversity or spatial multiplexing, is determined per allocation
with the parameter Precoding Scheme.
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"SISO + BF" This mode combines the 1 transmit antenna Single Input Single Out-
put (SISO) transmission with beamforming (BF).
This is the default mode in "System Configuration = 1x8x2", i.e. if the
instrument is configured to generate a sharp beamformed signal with
8 Tx and 2 Rx antennas.
Beamforming is a method to increase the SNR of the signal received
by the UE. In this mode, beamforming is implemented as a single
layer PDSCH which is mapped to the different antennas with individ-
ual phase offsets. To simplify the configuration and to fulfill the
requirements as specified in TS 36.101, Annex A, the same precod-
ing vector as in a MIMO case can be used.

Note: While generating signal in this mode, the antennas simulated
by path A and Path B are not MIMO antennas. The signal at the out-
put of both paths is the same SISO signal with the same cell-specific
reference signals.

To enable the instrument to generate a transmission using antenna
port 5 signal (transmission corresponding to the UE-specific refer-
ence signal) as defined in the 3GPP specification, set the parameter
Precoding Scheme to "Beamforming (UE-spec.RS)".

In this case, the generated signal carries a combination of common
signal part (PBCH, PDCCH, cell-specific RS,...), which is identical on
all antennas, and UE-specific PDSCH, which is different on the anten-
nas due to the applied precoding.
Note that, although the generation of a beamformed signal requires
more than one antenna, for the UE it appears as a SISO signal.
Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MIMO:CONFiguration on page 712

Simulated Antenna
In "System Configuration > Fading/Baseband Configuration > Mode > Standard",
determines the antenna to be simulated in the current baseband.

The configuration of the Downlink Reference Signal structure is set accordingly (see
Figure 2-9).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MIMO:ANTenna on page 712

NB-loT MIMO Configuration
Option: R&S SMW-K115

For "Channel Bandwidth = 200 kHz or = 3 MHZz", sets the number of transmit antennas
used for the simulated NB-loT system.

The NRS structure is set automatically.

To use Tx diversity:
® Select "NB-loT MIMO Configuration = 2 Tx Antennas"
® |n the mapping table, define the antenna port: select AP2000 or AP20001

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:MIMO:NIOT:CONFig on page 973
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Cell-Specific Antenna Port Mapping
Option: R&S SMW-K84/K85

Comprises the settings for defining the mapping of the logical antenna ports to the
available physical Tx antennas (Basebands).

Refer to Chapter 4.5, "DL antenna port mapping settings", on page 222 for description
of the provided settings.

4.3 DL frame configuration settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Scheduling > Manual".
3. Select "General > Frame Configuration".

The "DL Frame Configuration" dialog allows you to configure the subframes and
the OFDMA resource allocations. The dialog consists of several tabs.

e General frame configuration Settings.........ccooiiiiiiiiii e, 136
e Dummy data configuration Settings.........cceeveiiiiiiiii i 138
e User configuration SEtHNGS. .. ..uuiiiiiieii i 139
e Auto sequence configuration.............coeeeiiiiiiiiicicc e ——————- 147
e EPDCCH configuration settings........ccoeiiiiiiiiiiieeeccreee e 156
e Scrambling configuration Settings........oov i 161
o SPS configuration SEtlNGS...ccoiieii i 162
L I I Y 1] o SRR 167
e Subframe configuration SEtiNgS........ccoviccciiiiiiiee - 172
o DL resource allocation table..........ooo i 173
@  PCFICH SEtNGS ..o it e e e e e e e e e e e e 180
@ PHICH SEHINGS...ututiciiieii e e e e e e e e e e e e e e 182
® (E)PDCCH SEtiNGS.ciiiieiieiiiiiiiieii et e e e e e e e e e e e e e e e e e e aannnes 185
o (E)PDCCH format variable...........ocuueiiiiiiiiiie e 189
o DCI format configuration...........ooocuiiiiiiiiiie e 198

4.3.1 General frame configuration settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".

2. Select "Frame Configuration > General".
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3. Select "General DL Settings > Scheduling > Manual".

EUTRA/LTE A: DL Frame Configuration

Subframe PCFICH PHICH E)PDCCH

No. of Config. DL Subframes oResetAll Subframes

P— User
Behaviour in Unsch. REs (OCNG) Configuration

Dummy Data
Dummy Data Configuration

Modulation
QPSK

Data Source
PN9

Power
Omit PRS Subframes
0.000 dB

This dialog comprises the general settings that can be configured in the OFDMA
mode.

Provided are the following settings:

No Of Configurable (DL) SUDframes...........coiiiiiiiiiiiie e 137
Reset All SUDTTAMES.....cooiiiiieie e e e e 137
Behavior In Unscheduled RES (OCNG)......coiiiiiiiiiiiiiiieee e 137

No Of Configurable (DL) Subframes
Sets the number of configurable subframes. Only the downlink and the special sub-
frames are enabled for configuration if TDD mode is selected.

All downlink/special subframes are filled periodically with the configured subframes
except for the P-SYNC/S-SYNC. The last are set globally in the "General DL Settings"
dialog. The PBCH can only be configured in subframe 0.

For more detailed information about the maximum number of configurable subframes
and for description of the dependencies between the parameters, see Chapter B.3,
"Four configurable frames in uplink and downlink direction", on page 1105.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL: CONSubframes on page 737

Reset All Subframes
Resets settings of all subframes including cyclic prefix and number of used allocations
to the default values.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:RSTFrame on page 737

Behavior In Unscheduled REs (OCNG)
Selects either to fill unscheduled resource elements and subframes with dummy data
or DTX.
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This function can be used as an OFDMA Channel Noise Generator (OCNG) according
to TS 36.101.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:BUR on page 736

4.3.2 Dummy data configuration settings

Access:

» Select "Frame Configuration > Behavior in Unsch. REs (OCNG) > Dummy Data".

Behaviour in Unsch. REs (OCNG) 4
Dummy Data

Dummy Data Configuration

Modulation -
QPSK
Data Source o
PN9
Power .
0.000 dB Omit PRS Subframes []

In this section, the dummy data for filling the unscheduled resource blocks and sub-
frames are configured.

1Y, [0 T0 [0 =1 1o o N 138
(DY vz IS o U (o< PPN 138
Power (DUMMY Data)........uuuiiiiiiiiieei ettt r e e e e e e e e ae e e e aaaa s 139
OMIit PRS SUDTTAMES....ccueiiee ettt e et e e e et e e e eaa s 139
Modulation

Selects the modulation of the dummy data.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:DUMD:MODulation on page 876

Data Source
Selects the data source for the dummy data configuration.

The following standard data sources are available:

e "AllO, All 1"

An internally generated sequence containing 0 data or 1 data.
® "PNxx"

An internally generated pseudo-random noise sequence.
® "Pattern"

An internally generated sequence according to a bit pattern.
Use the "Pattern" box to define the bit pattern.

® "Data List/Select DList"
A binary data from a data list, internally or externally generated.
Select "Select DList" to access the standard "Select List" dialog.
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— Select the "Select Data List > navigate to the list file *.dm_iqd > Select" to
select an existing data list.
— Use the "New" and "Edit" functions to create internally new data list or to edit
an existing one.
— Use the standard "File Manager" function to transfer external data lists to the
instrument.
See also:
® Section "Modulation Data" in the R&S SMW user manual.
® Section "File and Data Management" in the R&S SMW user manual.
® Section "Data List Editor" in the R&S SMW user manual

Remote command:

[ : SOURce<hw>] :BB:EUTRa : DL: DUMD: DATA on page 877

[ :SOURce<hw>] :BB:EUTRa:DL:DUMD: PATTern on page 878
[ :SOURce<hw>] :BB:EUTRa:DL:DUMD:DSELect on page 877

Power (Dummy Data)
Sets the power of the subcarriers allocated with dummy data.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DUMD: POWer on page 877

Omit PRS Subframes
(requires R&S SMW-K84)

If the OCNG (OFDM Channel Noise Generator) is used, you can disable (omit) the
OCNG transmission in the non-muted PRS subframes, as required for RSTD Perfor-
mance Tests (TS 36.133, section A.9.8.1).

Tip: Use the OFDMA time plan to visualize the allocated resources.

See also Example"How to visualize the effect of muting and omitting PRS transmis-
sion" on page 113.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:DUMD:OPSubframes on page 878

4.3.3 User configuration settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)"
2. Select "General DL Settings > Scheduling > Manual".
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3. Select "Frame Configuration > General > User"

EUTRA/LTE A: DL Frame Configuration

Time Subframe ( gy PCFICH [ gy PHICH E)PDCCH

Use the provided settings to configure up to four scheduled UEs. To distribute them
over the whole frame, set the data source of a certain allocation to "User x".

This approach ensures that a common data source is used for allocations of one
user equipment also in case that these allocations are non-adjacent.

In one subframe, all allocations belonging to the same "User" use identical settings.
Changing, for example, the modulation of one of the allocations of "User 1", changes
the modulation in all other allocations of this user in the current subframe.

The aforementioned applies for the following settings:

® Modulation
Different modulations can be selected for the two codewords of an allocation.

0.000 |PDSCH

® Complete Precoding settings
® Scrambling settings (Scrambling State, UE ID/n_RNTI) and Channel Coding

Statetemporarily.
See also the "Enhanced Settings" dialog of each allocation (Chapter 4.4,
"Enhanced PBCH, PDSCH and PMCH settings", on page 211).
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Settings:

LS T 141
=1 (YRR UPP PRSP 141
BGPP REIEASE. ....uiiiii ittt sanreee s 141
ACHIVALE CA. . ettt e e e e e e e e e et e et e e e e e e e e e e e e e aeees 141
TX MOAES. ...ttt ettt e e e e e e e e e e e e et ee e e e e e e e e e e e e e e nnnreeeees 142
UL Carriers Configuration...... ... et e e e e e e e e 142
Configure AULO SEQUENCE.........eiiiii ittt e 143
(] 0= 1 (<o [o] VPP PPPPPRPPRRIN 143
o o I 101 4 o 0o oo SRR 143
Antenna Mapping Configuration..............ueeecccciieie e 143
Scrambling ConfigUration..........uuieiiiiiccceee e 144
Channel CodiNg State......ooi e 144
0] | SR EUPPRSRI 144
Data Source, DLISt/Pattern..........coooiieeeeee e 144
D= = I To 0ot [ o PR 145
EIMTARNT L e et e e e et e e e s sttt e e e e e rabee e e e e snbeeeeeenneeas 145
P A e e e e e e e e e e e e b te e e e e e rae e e e e e rreeeeeearaeeeeeanres 145
SPS CoNfigUIration......ccooeee i ——————— 145
APEeriodic SRS State......ooiiiiiiii e 145
CSI AWArENESS State.... i e e e e e e e e e e e e e e 145
ST O =T o) - 145
TBS AL INAEX. ettt ettt e e s sttt e e e st e e s s ane e e e e s anbre e e e e snnneeeeean 146
I LS A A = o = T PP 146
7= T a1 @ o= T o I I Lo o J 146
Support tWo HARQ PrOCESSES. .....ci ittt a e e 147
User

Displays the consecutive number of the users.

Remote command:
n.a.

State
Enables/disables a user.

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:USER<ch>:STATe on page 861

3GPP Release
Option: R&S SMW-K115

Sets the 3GPP release version the UE supports.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:RELease on page 1004

Activate CA
Option: R&S SMW-K85

Enables/disables carrier aggregation for the selected user.
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If Activate Carrier Aggregation is enabled, carrier aggregation is activated automati-
cally for all users, but can be deactivated afterwards.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CA:STATe on page 862

Tx Modes
Sets the transmission mode of the user as defined in TS 36.213.

Consider the following prerequisites and interdependencies:

® "Tx Mode 8" and "Tx Mode 9" require R&S SMW-K84/K85.

® "Tx Mode 10" requires option R&S SMW-K112.

® The selected "Tx Mode" determines the range of allowed DCI formats, that is you
can only assign valid DCI formats to this user.
For any PDSCH allocation, the software configures its "Precoding” as a function of
the selected "Tx Mode" and the selected "DCI Format".

® In"Tx Mode > User", the range for valid DCI formats is not affected.

® |f a carrier aggregation is enabled (Activate Carrier Aggregation = On and Activate
CA = On), you access the "TxModes Configuration" dialog.

EUTRA/LTE: TxModes (User 1) - X

PCell
Mode 9
Scell 1(Cell Index 1) i
Mode 8
SCell 2(Cell Index 2) 9
Mode 2
SCell 3(Cell Index 3) .
Mode 2
SCell 4(Cell Index 4) 9
Mode 2

You can define the transmission mode a UE uses in the primary and the secondary
cells.
® Option: R&S SMW-K119
SCells configured as LAA cells cannot use transmission modes "Tx Mode 5/6/7"
® Option: R&S SMW-K115
Available are "Tx Mode = User" and "Tx Mode = Mode 1, 2, 6 and 9".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:TXM on page 862
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CELL<st0>:TXM on page 862

UL Carriers Configuration
Option: R&S SMW-K85
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If a carrier aggregation is enabled (Activate Carrier Aggregation = On), you can set the
state of the associated UL carriers.

EUTRA/LTE: UL Carrier Configuration (User 1) — )4

SCell 2

SCell 3

SCell 4

Option: R&S SMW-K119:

LAA SCells cannot be associated with UL carriers. For SCells using "CA > SCell x >
Duplexing > LAA", the corresponding "SCell x > State = Off".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:ULCA<st0>:STATe on page 863

Configure Auto Sequence
Option: R&S SMW-K112

If "General DL Settings > PDSCH Scheduling > Auto Sequence", access the "Auto
Sequence" settings.

See Chapter 4.3.4, "Auto sequence configuration", on page 147.

UE Category
Sets the UE category.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:UEC on page 862

EPDCCH Config
Option: R&S SMW-K112/K115

Opens the "EPDCCH Configuration" dialog, see Chapter 4.3.5, "EPDCCH configura-
tion settings", on page 156.

Antenna Mapping Configuration

Use the DL antenna port mapping settings dialog to define the mapping of the logical
antenna ports to the available physical Tx antennas, in one of the following cases:

® "Tx Mode = Tx Mode 7 to 10/User"

e "EPDCCH > Activate EPDCCH > On"

User Manual 1175.6703.02 — 34



EUTRAI/LTE/loT EUTRAI/LTE configuration and settings

DL frame configuration settings

Scrambling Configuration
Opens the "Scrambling Configuration" dialog, see Chapter 4.3.6, "Scrambling configu-
ration settings", on page 161.

Channel Coding State
Sets channel coding for all allocations belonging to the selected user.

That is, the parameter "Channel Coding State" determines the "Enhanced Settings >
Channel Coding State" of all allocations for which you select the Data Source =
"User x".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CCODing:STATe on page 866

UE ID
Sets the user equipment ID.

This UE ID is used for the generation of the scrambling sequence for the allocations,
for which you select the DL frame configuration settings > "Allocation Table" > Data
Source = "User x".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:UETID on page 866

Data Source, DList/Pattern
Selects the data source for the selected user.

The following standard data sources are available:

e "AllO, All 1"

An internally generated sequence containing 0 data or 1 data.
® "PNxx"

An internally generated pseudo-random noise sequence.
® "Pattern"

An internally generated sequence according to a bit pattern.
Use the "Pattern” box to define the bit pattern.
e "Data List/Select DList"
A binary data from a data list, internally or externally generated.
Select "Select DList" to access the standard "Select List" dialog.
— Select the "Select Data List > navigate to the list file *.dm_iqd > Select" to
select an existing data list.
— Use the "New" and "Edit" functions to create internally new data list or to edit
an existing one.
— Use the standard "File Manager" function to transfer external data lists to the
instrument.
See also:
® Section "Modulation Data" in the R&S SMW user manual.
® Section "File and Data Management" in the R&S SMW user manual.
® Section "Data List Editor" in the R&S SMW user manual

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:DATA on page 867

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:DSELect on page 867
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:PATTern on page 867
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Data Source Init
Selects the starting seed for data sources for the PDSCH allocation.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:INITpattern on page 867

elMTA-RNTI
Option: R&S SMW-K113

Sets the dedicated elMTA-RNTI used for CRC scrambling of the PDCCH.
See also "Enhanced interference mitigation & traffic adaption (eIMTA)" on page 54.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EIMTarnti on page 868

P_A

Sets PDSCH power factor according to TS 36.213, chapter 5.2.

This power value is applied to all allocations that belong to the corresponding user. The
power of an allocation is also determined by the parameter "PDSCH Scheduling
Mode". In a normal operation, the power values in the allocation table are configurable
parameters. In the "Auto/DCI" mode however, the power value is fixed and cannot be
adjusted.

For the DCI format 1D, an additional level offset has to be considered.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:PA on page 868

SPS Configuration
Accesses the SPS configuration settings dialog to configure a semi-persistence sched-
uling for the selected user.

Aperiodic SRS State
Configures if the UE supports aperiodic transmission of SRS.

The aperiodic SRS transmission is a single (one-shot) transmission. Activate this
parameter to be able to trigger SRS transmissions of the user by the DCls.

Use the parameter DCI Format 1A > "SRS Request" to select one of the three SRS
parameter sets.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:ASRS:STATe on page 868

CSI Awareness State
Enables/disables the CS| awareness for the selected user, i.e. informs the UE that a
CSI-RS are transmitted. See also "CS| reference signals" on page 33.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CAW: STATe on page 869

MSC Table
Option: R&S SMW-K113/-K119

Defines which of the MSC tables defined in TS 36.213 is used to specify the used
modulation and coding scheme:
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"1" Option: R&S SMW-K113
Table 7.1.7.1-1

"2" Option: R&S SMW-K113
Table 7.1.7.1-1A

"3" Option: R&S SMW-K119
Table 7.1.7.1-1B

"4" Option: R&S SMW-K119

Table 7.1.7.1-1C

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CELL<st0>:MCS on page 869

TBS Alt. Index
Option: R&S SMW-K113/-K119

If "General DL Settings > PDSCH Scheduling > Auto DCI", enables using the extended
TBS range for the PDSCH allocations scheduled by DCI format 1/1B/1D/
2/2AI2B/2C/2D.

Sets the which of the transport block size (TBS) tables defined in TS 36.213 is used:

"o" Option: R&S SMW-K113
Table 7.1.7.1-1, up to TBS Index l1gg = 26

" Option: R&S SMW-K113
Alternative TBS Index ltgg = 26A in table 7.1.7.1-1, TBS Index lygg =
33Ain tables 7.1.7.1-1A/B/C

"2" Option: R&S SMW-K119
Alternative TBS Index lygs = 33B in tables 7.1.7.1-1A/B/C
"3" Option: R&S SMW-K119

Alternative TBS Index lygg = 37A in tables 7.1.7.1-1B/C

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CELL<st0>:TBAL on page 869

DMRS Alt Table
Option: R&S SMW-K119

For Tx Modes = "TM9/TM10Q", sets the value of the higher-layer parameter
dmrs-tableAlt.

With "Scheduling > Auto DCI/Auto Sequence", it defines the antenna port mapping and
the value range of the parameter DCI Format 2/2A/2B/2C/2D > "Ant. Port(s), Layers,
SCID".

Remote command:

[ : SOURce<hw>] :BB:EUTRa :DL:USER<ch>:CELL<st0>:DMRS:STATe

on page 870

Semi Open Loop
Option: R&S SMW-K119

For Tx Modes = "TM9/TM10Q", sets the value of the higher-layer parameter
semiOpenLoop.
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With "Scheduling > Auto DCI/Auto Sequence", it defines the antenna port mapping and
the value range of the parameter DCI Format 2/2A/2B/2C/2D > "Ant. Port(s), Layers,
SCID".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:CELL<st0>:SEOL:STATe
on page 870

Support two HARQ Processes

Indicates if a NB-loT UE is capable of understanding the HARQ process bit.

® Option: R&S SMW-K115
The parameter is disabled and cannot be changed.

® Option: R&S SMW-K143
Enables the UE to support the HARQ process bit.
To set the HARQ process number bit (twoHARQ-Processes), use the DCI param-
eter "DL Frame Configuration > NB-loT > DCI table > DCI Format = 0 > User =
User x > Content > Config > HARQ Process Number", see"DCI Format NO"
on page 417.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:STHP:STATe on page 871

4.3.4 Auto sequence configuration

The "Auto Sequence" mode requires the additional software option R&S SMW-K112.
This mode supports you to generate EUTRA/LTE signals from a sequence perspective.

In "Auto Sequence" mode, you configure the sequence-related settings once per active
User; all related parameters are calculated automatically.

Impact of the "Auto Sequence"” mode on the configuration of DCls

The following applies for each active user (State > On) and for every active cell:

® There is one DL DCI and one UL DCI for the user and the cell in the PDCCH DCI
table. Comprehend these DCls as template DClIs. The DCIs which are used for the
generated subframes are derived from them, with modifications according to the
auto sequence DCI tables.
See Figure 4-8

e Suitable DCI formats are selected automatically, according to the Tx Modes.

® |f Activate Carrier Aggregation is enabled, the Cell Index for the DL-DCI and UL-
DCl is set to the selected sched. Cell Index

® Several parameters of the DCI formats are automatically varied throughout the
subframes (see DCI format configuration).

For example:

— The modulation and coding scheme (MCS) and HARQ-related parameters are
indicated as "Auto"

— If CIF Present is enabled, the CIF parameter in the DL-DCI and UL-DCI is set
to the selected Cell Index
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4.3.41 How to enable and use the auto sequence mode

In the following, we generate an LTE-A signal with DL carrier aggregation and 2x2
MIMO to explain the "Auto Sequence" mode.

This example focuses on the "Auto Sequence" settings and their impact. For step-by-
step instruction on how to enable the required configuration, see Chapter 4.2.2.2, "How
to enable carrier aggregation and cross-carrier scheduling”, on page 76.

1. Enable a 2x2x2 "System Configuration" with coupled basebands.

2. Select "Baseband > EUTRA/LTE > General DL Setting > CA".
Enable for example the following settings:

EUTRA/LTE A: General DL Settings
o (R
Activate Carrier Aggregation \j

F
i
g
i
g

1 = Cross-carrier scheduling is disabled (SCell#1 uses "schedCellindex = 7")
2 = "CIF Preset > On"

3. Select "General DL Setting > Scheduling > PDSCH Scheduling > Auto Sequence".

4. Select "EUTRA/LTE > DL Frame Configuration > General".
Enable "User > User 1/User 2 > State > On".

The subframe-related settings are not displayed. Compare these settings to the
settings described in Chapter 4.3, "DL frame configuration settings", on page 136.
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EUTRA/LTE A: DL Frame Configuration

/0~

Config...

Config...

User

Config...

Config...

Config...

5. Select "DL Frame Configuration > PDCCH > DCI Table".
Observe the settings.

Resolve Conflicts

Figure 4-8: DCI table in PDSCH Scheduling > Auto Sequence mode

1a, 1b = Two active users, "User1" and "User2"

2a, 2b = Two active cells with "schedCell Index = 0 and 7"

3a, 3b = Automatically selected "DCI format = 0 and 1A" per cell, see "Impact of the "Auto Sequence"
mode on the configuration of DCIs" on page 147
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6. In"DCI Table", select "User1 > DCI Format 1A > Content > Config" for the DCI with
"Cell Index = 7".

The "DCI Format Configuration" confirms the configuration: "CIF = 7", MCS and
HARQ-related settings are set to "Auto".
7. To configure the HARQ transmission:

a) Open the "DL Frame Configuration > General > User Configuration > User1 >
Auto Sequence > Config" dialog.

EUTRA/LTE A: Auto Sequence Configuration, User 1

ISR DL DC! S DCI Seq DL DCI Se DCI Seq

Autofill Sequences ..

ARB Sequence Length
@

Suggested: @' current: : |
Da 2b
2 8 D A Fers Adjust Length

Figure 4-9: Auto Sequence settings: Understanding the displayed information

1a, 1b = Automatically selected DL DCI and UL DCI per cell, see "Impact of the "Auto Sequence"
mode on the configuration of DCIs" on page 147
2a, 2b = Suggested and current ARB sequence length

b) Select "Auto Sequence > Autofill Sequences".
Configure the HARQ transmission. Select "Apply".
See Figure 4-10.

c) If the current ARB sequence length deviates form the suggested one, select
"Adjust Sequence Length".

The "Auto Sequence > DL/UL DCI Seq" display the resulting sequences.
=) =%

Autofill DL Sequence ¥
- MCS Mode
Number af HARQ Process IDs 0 Number of HARQ Transmissions 9 Target Code Rate
a 2 Target Code Rate Target Modulation i
Initial NDI 0 7] | Skip Process At Unused Subframes & 0333 apPsk

RV Coding Sequence a1 | U5 RLC Counter 0 O

] ¥ ] v ] /] ]

Autafill UL Sequence ¥

Humber of HARQ Trangmissaons . Initial HOI ¥

Figure 4-10: "Autofill Settings" and "Auto Sequence Configuration”: Understanding the dis-

played information
1 = "Number of HARQ Processes = 4"; the HARQ Processes IDs change cyclically form 0 to 3
2 = "Number of HARQ Transmissions = 2"; the four HARQ Processes are transmitted 2 times
3 = "Initial NDI = On"; the New Data Indicator (NDI) is enabled for "Number of HARQ Transmis-

sions = 2" times and starting with the first HARQ process
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4 = "Subframes to use = all DL subframes"

5 = "MCS Mode = Target Code Rate"; the modulation and coding scheme values (MCS) are set
automatically to fulfill the required "Target Code Rate" for the selected "Target Modulation"

6 = "RV Coding Sequence = 0,1", where each the redundancy version value is used for one
HARQ transmission

7 = "Use RLC Counter = On"

TB1, = NDI, RV and RLC values are provided per transport block (TB), where the number of TBs

TB2 depends on the MIMO configuration

4.3.4.2 Auto sequence settings

To access this dialog:

1. Select "EUTRA/LTE > General DL Setting > Scheduling > PDSCH Scheduling >
Auto Sequence".

2. Select "DL Frame Configuration > General > User Configuration > User1 > Auto
Sequence > Config."

The "Auto Sequence" dialog opens.
See Figure 4-9.

For instruction on how to use these settings, see Chapter 4.3.4.1, "How to enable
and use the auto sequence mode", on page 148.

F U (o) 1 IS T=Te [ =T g ot =R 151
L AULOFIll DL/UL S@QUENCE ...ttt e e eee et e ee s s s s s een s 152
L Number of HARQ ProCess IDS.........cooiuiueeeieeeeeeeeeeeeeeeeseee s e eeseenaeseee s 152
L Number of HARQ TranSmMISSIONS. .........cueeeeueeeeeeeeeeeseeeseeeeeeeeseeessesseeeesnenaens 152
L INIAI NDLL.evveeeceeeeeeeeeee et es s s s a et en e s s enansesas 152
L Skip Process at Unused SUDframes...........c.cceeeeeeeeeeeeeeeeeeeeeeeesesseeeenans 153
L SUDFrAMES 10 USE:. ...ttt eeeeeee e e e s ee s et nnas 153
LA DDy ettt ettt ettt e e e e ns 153
ARB Sequence Length > Suggested, Adjust Length............cccorrrrrcccc, 153
[ I L@ BT To [ =T o o TSP 153
L IMCS MOE.......ececeeececteeeeeete et senans 153
e Y L3 TR 154
L Target Code Rate, Target ModUlation................cccreueereueeeeeeeeeeeeesessereeeeenn, 154
L RV COAING SEQUENCE.......eeeeeeieeceeeeeeee ettt 154
L USE RLC COUNLE......cuevieieieiieiete sttt st 154
L DL DCI SEqUENCE TaADIE. ...t en e 154
[ L0 7= To [ =T o Lo TSSO 155
L Vary UL TX Power and RBA............cooveeueueeeeeeeteeeeeeeeeeeeeeseaeaeae e seeeneeenenas 155
L UL DCI SEQUENCE TaDIE. ...ttt 155
Append, Insert, Delete, RESEt..........ooo i 156

Autofill Sequences...
Access a dialog with settings to configure the DL and UL DCls.
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EUTRA/LTE: Autofill Sequences, User 1 — ) ¢

I DL Sequence
Autofill DL Sequence

Number of HARQ Process IDs Mumber of HARQ Transmissions

F-Y
[a+]

Initial NDI Skip Process At Unused Subframes

Subframes to Use

UL Sequence
Autofill UL Sequence

Number of HARQ Transmissions Initial NDI

@Applv |

To configure the Auto Sequence DCI tables of the user automatically, enable the "Auto-
fill DL/UL Sequence" parameters, adjust the settings, and confirm with "Apply".

See Figure 4-10 for illustration on how these settings are processed.

Autofill DL/UL Sequence «— Autofill Sequences...
Automatically fill the auto sequence DCI tables of the user in a meaningful and stan-
dard-compliant way.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:AFSeqg on page 826
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:UL:AFSeqg on page 826

Number of HARQ Process IDs «— Autofill Sequences...
Sets the number of HARQ process IDs.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:NHIDs on page 827

Number of HARQ Transmissions «— Autofill Sequences...
Sets the number of HARQ transmissions.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DIL:NHTRans on page 827
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:UL:NHTRans on page 827

Initial NDI — Autofill Sequences...
Defines whether the "New Data Indicator" flag is set at the beginning of the sequence
or cleared.
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Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:INDI on page 827
[ : SOURce<hw>] :BB:EUTRa :DL:USER<ch>:AS:UL:INDI on page 827

Skip Process at Unused Subframes «— Autofill Sequences...
Defines how the HARQ processes are distributed throughout the used subframes.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DIL:SKPRocess on page 827

Subframes to Use: < Autofill Sequences...
Sets the downlink subframes to be used for the HARQ transmission as a pattern of "0"
and "1", where 1 enables a subframe.

Do not set the uplink subframes; in FDD duplexing mode, used are all subframes and
in TDD mode, all downlink and special subframes that are allowed to schedule uplink
transmissions.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL[:CELL<ccidx>]:
USUBframe<dir0> on page 828

Apply < Autofill Sequences...
Applies the settings

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:USER<ch>:AS:APPLy on page 828

ARB Sequence Length > Suggested, Adjust Length
Displays the suggested and currently used ARB sequence length.

If the current ARB sequence length deviates form the suggested one, select "Adjust
Sequence Length". The ARB sequence length is set automatically.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:ARBLen? on page 826
[ :SOURce<hw>] :BB:EUTRa :DL:USER<ch>:AS:ASLength on page 826

DL DCI Sequence
The DL DCls are defined in table form that can be filled in manually, by adding rows
and configuring them, or automatically, with the Autofill Sequences... settings.

See Figure 4-10 for illustration on how these settings are processed.

MCS Mode «— DL DCI Sequence
Sets how the Modulation and Coding Scheme is configured.

"Manual" Enter the MCS value in the corresponding column
"Fixed" The MCS value is fixed and configured with the parameter MCS

"Target Code Rate"
The required MCS value is calculated based on the selected "Target
Code Rate" and "Target Modulation".
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:MCSMode
on page 828

MCS — DL DCI Sequence
In "MCS Mode > Fixed", sets the MCS value.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:FMCS
on page 828

Target Code Rate, Target Modulation < DL DCI Sequence
In "MCS Mode > Target Code Rate", sets the target code rate and modulation (QPSK,
16QAM, 64QAM).

Remote command:

[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:TCR on page 829
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:TMOD

on page 829

RV coding Sequence — DL DCI Sequence
Sets the redundancy version sequence to be used.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:RVCSequence
on page 829

Use RLC Counter — DL DCI Sequence
Enables/disables the use of radio link control (RLC) counter.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:URLCounter
on page 832

DL DCI Sequence Table — DL DCI Sequence
The DCls are configured in table form. If the Autofill Sequences... function is used, sev-
eral parameters are preconfigured.

In TDD mode, the DCI table lists only the DL and special subframes.

A conflict indicates an erroneous situation, like for example if the selected "Target Code
Rate" cannot be achieved.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:UL:CELL<st0>:SLENgth?
on page 830

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:
SEQelem<dir0>:SUBFrame on page 831

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:
SEQelem<dir0>:TB1:MCS on page 831

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:
SEQelem<dir0>:HARQ on page 830

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:
SEQelem<dir0>:TB1:NDI on page 831
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[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<st0>:
SEQelem<dir0>:TB1:RV on page 832

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<stO0>:
SEQelem<dir0>:TB1:RLCCounter on page 832

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<stO0>:
SEQelem<dir0>:PDRE on page 830

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:DL:CELL<stO0>:
SEQelem<dir0>:CONFlict? on page 832

UL DCI Sequence
The UL DCls are defined in table form, that can be filled in manually, by adding rows
and configuring them, or automatically, with the Autofill Sequences... settings.

— X

EUTRA/LTE: Auto Sequence Configuration, User 1

DL DCI Seq|UL DCI Seq | DL DCI Seq [T
PCell, TDD PCell, TDD SCell 1, TDD SCell 1, TDD

Vary UL Tx Power and RBA

0 0 0 0
5 - 0 0
Append Insert Delete Reset

Figure 4-11: UL DCI Sequence settings in TDD mode ("UL/DL Configuration = 0")

Vary UL TX Power and RBA — UL DCI Sequence
Enables the "PUSCH TPC" column in the table.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:UL:CELL<st(0>:VULTxpow
on page 834

UL DCI Sequence Table — UL DCI Sequence
The DCls are configured in table form. If the Autofill Sequences... function is used, sev-
eral parameters are preconfigured.

In TDD mode, the DCI table lists only the DL and special subframes. The "UL Index"
parameter is displayed if a TDD UL/DL Configuration = 0 is used.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:UL:CELL<st0>:SLENgth?
on page 830

[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:AS:UL:CELL<st0>:
SEQelem<dir0>:SUBFrame on page 831
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[ : SOURce<hw>]

[ : SOURce<hw>]

[ : SOURce<hw>]

[ : SOURce<hw>]

[ : SOURce<hw>]

Append, Insert, Delete, Reset

:BB:EUTRa:DL:USER<ch>:
SEQelem<dir0O>:

AS

RBA on page 833

:BB:EUTRa:DL:USER<ch>:
SEQelem<dir0>:

AS

NDT on page 831

:BB:EUTRa:DL:USER<ch>:
SEQelem<dir0O>:

AS

PTPC on page 833

:BB:EUTRa:DL:USER<ch>:
SEQelem<dir0>:

AS

ULINdex on page 833

:BB:EUTRa:DL:USER<ch>:
SEQelem<dir0>:

AS

CONFlict? on page 832

Standard functions for handling of table elements.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:

on page 834
[ : SOURce<hw>]
on page 834
[ : SOURce<hw>]
on page 834
[ : SOURce<hw>]
on page 835
[ : SOURce<hw>]
on page 835
[ : SOURce<hw>]
on page 834
[ : SOURce<hw>]
on page 834
[ : SOURce<hw>]
on page 834
[ : SOURce<hw>]
on page 835
[ : SOURce<hw>]
on page 835

:BB:

:BB:

:BB:

:BB:

:BB:

:BB:

:BB:

:BB:

:BB:

EUTRa:

EUTRa:

EUTRa:

EUTRa:

EUTRa:

EUTRa:

EUTRa:

EUTRa:

EUTRa:

DL

DL

DL:

DL:

DL:

DL:

DL:

DL:

DL:

DL:

:USER<ch>:AS
:USER<ch>:AS
USER<ch>:AS
USER<ch>:AS
USER<ch>:AS
USER<ch>:AS
USER<ch>:AS
USER<ch>:AS
USER<ch>:AS

USER<ch>:AS

EPDCCH configuration settings

Option: R&S SMW-K112/K115

Access:

:UL:

:UL:

:UL:

:UL:

:UL:

:DL:

:DL:

:DL:

:DL:

:DL:

:UL:

:UL:

:UL:

:UL:

:UL:

DL frame configuration settings

1. Select "General > Link Direction > Downlink (OFDMA)"

2. Select "General DL Settings > Scheduling" > "Auto/DCI"

EPDCCH cannot be activated in manual mode ("Scheduling > Manual")

3. Select "Frame Configuration > General > User"

4. Select "User# > EPDCCH > Config"
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5. Set "Activate EPDCCH > On".

EUTRA/LTE: EPDCCH Configuration (User 1) —_

[l rcel

Activate EPDCCH

State

Transmission Type
Localized

Number of PRB Pairs
4

Resource Block Assignment

n*EPDCCH_ID

Rel. EPDCCH Power

You can enable and configure the EPDCCH parameters for the selected user and,
if DL carrier aggregation is used, also per component carrier.

6. Select "Frame Configuration > E(DPCCH)".
7. Inthe "DCI Table", select "User 1 > (E)EPDCCH > EPDCCH Set 1".

8. Select "Frame Configuration > Subframe > Subrame#0 > Allocation Table" to
observe the EPDCCH allocation.

EUTRA/LTE: DL Frame Configuration

an [ 1 PCFicH | ¢ PicH | (BPoCCH
Cell Subframe
ey O] Qe | Qo | opm“‘n
Cyclic Prefix No. of Used Allocations
Normal

The parameters of the EPDCCH#1 allocation and the most of the available param-
eters are set automatically.

9. Select "EPDCCH > Enhanced Settings > Config" to observe the percoding informa-
tion, i.e. the used antenna ports.
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EUTRA/LTE: Enhanced Settings (FO/SFO/AL2) —_ X

Precoding
BF

Antenna Ports
107

10. Select "Frame Configuration > Timeplan" to observe the EPDCCH configuration.

EUTRA/LTE: DL Frame Configuration

Subframe PCFICH PHICH E)PDGGH

Cell 1st Subframe || Subframes || View Mode .
j 0 1 VvRB™ Detach Time Plan .. |
OFDM Symbols
1 2 3 4 5 6 7 8 9 10 11 12 13 14
50

w

wn

Resource Block
- W
@

T T T T T T T T T T T T T T T T
0 005 01 015 0.2 025 03 035 04 045 05 055 06 065 07 075 0.8 085 09 095 1

Time (/ms)
]|

l‘h\;':" | zeraTxPower csi | Dummy

The display confirms that the EPDCCH is transmitted in the data region of the
frame and it does not span the full system bandwidth. The EPDCCH is transmitted
over a set of four narrow non-contiguous physical resource blocks (PRB).

The number of displayed EPDCCH pairs per UE depends on the following:

e Number of PRB pairs per EPDCCH set.

e Number of active EPDCCH sets.
The two EPDCCH sets of one UE are indicated with the same color.

e |f and which EPDCCH set is allocated ("Frame Configuration > E(DPCCH) >
User x > (E)EPDCCH > EPDCCH Set x")
At least one DCI must be assigned to an EPDCCH.

e EPDCCH transmission type

e Resource block allocation per EPDCCH set.
EPDCCH may partly overlap.

e Amount of DCI information (assigned ECCEs) carried in an EPDCCH with two
PRB pairs and localized transmission.
If the DCI information is not sufficient to fill all available EPDCCH PRBs, the
unallocated PRBs can be used for PDSCH transmission.

Settings:

Activate EPDCCH. ...t a e 159
RS T= At I S - (SRS 159
TraNSMISSION TY P ittt e e e e e e e e e s e s nn e e e e e e eeeeas 159
NUMDEr Of PRB PairS........vveiiiiiiiiiie ittt 159
Resource BIOCK ASSIGNMENT.......ciiie i e e e e e e e e e e e e e e e e e eeeeeeeanenees 160
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NNy I T @ |5 SRR 160
Relative EPDCCH POWET ...ttt e e e e 160
[0 0] 0 1 T S 160
1= 1] o T N TSP PRPPPPPRR 160
Max. Repetitions MPDCCH (RMAX).....utiiiiiieiiiieiiciiiiieieeeee e e e e e s esccivnreseeeeeeeeeeeseesennenns 160
Search Space Start SUbframe.......cccooo i 161

Activate EPDCCH
If "General DL Settings > Scheduling" > "Auto/DCI", enables the EPDCCH transmis-
sion for the select user and component carrier.

EPDCCH cannot be activated in manual mode ("Scheduling > Manual").
Option: R&S SMW-K115

The EPDCCH and EPDCCH set 1 are always active.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:STATe
on page 874

Set 1/2 State
Enables the EPDCCH set.

To allocate an EPDCCH set, select "Frame Configuration > E(DPCCH) > User x >
(E)EPDCCH > EPDCCH Set 1/2".

Option: R&S SMW-K115
The EPDCCH and EPDCCH set 1 are always active.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
STATe on page 874

Transmission Type
Select whether localized or distributed EPDCCH transmission is used.

"Localized" Subsequent EREGs are allocated within the same PRB as long as
there are physical resources available.
Localization transmission is useful if the channel conditions are
known, so that the scheduling and MIMO precoding can be opti-
mized.

"Distributed" EREGs are allocated in the separate (subsequent) PRBs.
This transmission type applies frequency diversity and distributed the
REGs among the available channel bandwidth. Distributed transmis-
sion is used if the channel conditions are unknown.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:

TTYP on page 874

Number of PRB Pairs
Sets the number of physical resource block (PRB) pairs.

Per PRB pair, there are 16 enhanced resource element groups (EREG), that are num-
bered from 0 to 15.
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Observe the OFDMA time plan

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
PRBS on page 875

Resource Block Assignment
Shifts the EPDCCH allocations in the frequency domain and defines the resource
blocks used for the EPDCCH transmission.

The EPDCCH PRBs are distributed among the available resource blocks according to
TS 36.213.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:RBA
on page 875

NAEPDCCH_ID
Unlike the PDCCH that is a cell-specific control channel, the EPDCCH is a user-spe-
cific control channel.

This parameter sets the user-specific identifier nNEPPCCH; used to initialize the DMRS
scrambling sequences of the EPDCCH sets.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:NID
on page 875

Relative EPDCCH Power
Sets the power of the EPDCCH allocations.

The value is applied relative to the value of the parameter Reference Signal Power.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
POWer on page 876

Hopping
Option: R&S SMW-K115

Enables MPDCCH hopping.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
HOPPing on page 1033

Starting NB
Option: R&S SMW-K115

Sets the first narrowbands in which MPDCCH is allocated.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
STNB on page 1034

Max. Repetitions MPDCCH (Rmax)
Option: R&S SMW-K115
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Sets the maximum number the MPDCCH is repeated.

The actual number of repetitions is calculated as function ofhte repetition level, as
described in "MPDCCH repetition number" on page 373.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
REPMpdcch on page 1033

Search Space Start Subframe
Option: R&S SMW-K115

Sets the first subframe of the search space.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:EPDCch:CELL<st0>:SET<dir>:
STSF on page 1034

Scrambling configuration settings
(requires R&S SMW-K112)

Access:

1. Select "General > Link Direction > Downlink (OFDMA)"
2. Select "Frame Configuration > General > User"

3. Select "User# > Tx Modes > Mode 10"

4. Select "User# > Scrambling > Config"

EUTRA/LTE: Scrambli... figuration (User 1) [ ) 4
Scrambling j

@
Use DMRS Scrambling Identities E

DMRS Scrambling Identity 1 9

DMRS Scrambling Identity 2 9

With option R&S SMW-K112, you can enable and configure the scrambling param-
eters for the selected user.

If DL carrier aggregation is used, the scrambling parameters are configured per
component carrier. The scrambling state, however, applies to all component carri-
ers.
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Settings:

SCrambling State........veiiiii e 162
Use DMRS Scrambling IdentitieS......ccuueeeiieicccciiiiieieeee et 162
DMRS Scrambling Identity 1/2..........uuiiiiiiiiieeee et e e e e e sneees 162

Scrambling State
Enables/disables scrambling for all allocations belonging to the selected user.

The parameter "Scrambling State" determines the "Enhanced Settings > Scrambling
State" of all allocations for which you select the Data Source = "User x".

Remote command:
[ : SOURce<hw>] :BB:EUTRa :DL:USER<ch>:SCRambling:STATe on page 871

Use DMRS Scrambling Identities
Sets if one or two scrambling identities are used for the demodulation reference signals
(DMRS).

See "Coordinated multi-point operation for LTE (CoMP)" on page 52.
To set the ncgp, use the parameters DCI Format 2/2A/2B/2C/2D and Scrambling Iden-

tity n_SCID.

"Off" The DRMS sequence is generated with the variable njp = N,p%",
where Ny is the physical cell identity (PCI).

"On" nip = NpPMRSI i.e. two DRMS scrambling identities are used.

Set the values with the parameters DMRS Scrambling Identity 1/2.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SCRambling:CELL<st>:DMRS:USE
on page 871

DMRS Scrambling Identity 1/2
Sets the DMRS scrambling identities n,pPMRS,

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SCRambling:CELL<st>:DMRS:ID1
on page 872

[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SCRambling:CELL<st>:DMRS:ID2
on page 872

4.3.7 SPS configuration settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)"

2. Select "Frame Configuration > General > User"
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3. Select "User# > SPS > Config"

EUTRA/LTE: SPS Configuration (User 1)

Activate SPS
SPS C-RNTI
1
SPS Interval -
SF10
Activation Subframe No. , Config PDCCH .
Release Subframe No.
14

With the provided settings, you can enable and configure a semi-persistent sched-
uling (SPS) for the selected user.

Semi-persistent scheduling is a scheduling method used to reduce the control signal-
ing overhead for regularly occurring services and transmissions of relative small pay-
loads, see "Uplink scheduling" on page 41.

Related parameters
In this firmware, the configuration, the activation and the deactivation of an SPS trans-
mission is implemented as following:
® Configuration of the SPS pattern is defined by:
— SPS Interval
— SPS C-RNTI
— Activate SPS
® Activation of the SPS is defined by:
— Activation Subframe No

— Config PDCCH > "PDCCH Activation Subframe# > DCI Table > User > User x
SPS > DCI Format" and
"Content Act. > DCI Format Configuration > Special fields"

® Transmission
Observe the scheduling in the OFDMA time plan

® Release of the SPS is defined by:
— Release Subframe No
"Config PDCCH > PDCCH Release Subframe# > DCI Table > User > User x

SPS > Content Rel > DCI Format Configuration > Special fields"
How to configure an SPS for User 1 and visualize the scheduling

The following is a simple example that demonstrates the necessary configuration steps
and lists only the related settings. Setting beyond the scope of this example are not
discussed.
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To enable a semi-persistent scheduling
1. Select "EUTRA/LTE > Filter/Clipping/ARB > ARB Sequence Length = 3 Frames".
2. Select "EUTRA/LTE > General DL Settings > PDSCH Scheduling > Auto/DCI".

3. Select "EUTRA/LTE > Frame Configuration" and enable "Number of Configurable
Subframes = 30".

4. Select "Frame Configuration > User".
Enable "User 1 > SPS > Config".

5. Inthe "SPS Configuration" dialog, enable "SPS Interval = SF 10", "Activation Sub-
frame No = 2" and "Release Subframe No = 14".

EUTRA/LTE: SPS Configuration (User 1) —

Activate SPS E ‘
SPS C-RNTI
1
SPS Interval -
SF10
Activation Subframe No. , Config. PDCCH .
Release Subframe MNo.
14

The User 1 is scheduled to start transmission in the subframe#2 and release it in
subframe#14. The SPS interval is 10 subframes. If the DCls are configured cor-
rectly, the User 1 transmits in subframe#2 and subframe#12.

6. Inthe "SPS Configuration" dialog, select "Config. PDCCH".

The "Frame Configuration" dialog opens and the "DCI Table" displays the PDCCH
settings of subframe#2.

EUTRA/LTE A: DL Frame Configuration

Time Subframe PCFICH PHICH (E)PDCCH
General |User Plan - S nsfz _
Subf 4
uoirame °Prev °Next empy | GPasie

Append Delete Resolve Conflicts

ﬁfﬁfﬁfﬁfﬁﬁfh

= EpeeE Al

The second PDCCH item in the DCI table confirms that the User 1 is semi-persis-
tent scheduled ("User > User 1 SPS") and subframe#2 is the activation subframe
of this SPS ("User 1 SPS > Content > Act.").
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In the "DCI Table", select "User 1 SPS > Content > Act."

The "DCI Configuration" dialog for DCI Format 1A opens. As defined in TS 36.213,
some fields are predefined.

EUTRA/LTE A: DCI Format Configuration (FO/SF2/1) —_— X

Bit Data
100 0100 1011 0001 1110 0000 0000

DCI Format 1A

Mode
PDSCH

Localized/Distributed VRB Assignment []
Resource Block Assignment Modulation and Coding Scheme
300 15
HARQ Process Number DT New Data Indicator Dj
Redundancy Version T TPC Command for PUCCH
0 0

Adjust the DCI fields, for example set "Resource Block Assignment = 300" and
"Modulation and Coding Scheme = 15".

Note: In any SPS activation subframe, the maximum value allowed for the Modula-
tion and Coding Scheme is 15; this corresponds to 0111 in binary form and is
according to the requirements defined in TS 36.213.

See also Table 4-5.

In the "Frame Configuration > PDCCH" dialog, select "Subframe = 14". Observe

the "DCI Table".
Time Subframe | , PCFICH| , PHICH (E)PDCCH

Subframe e 2
°Prev °Next @Copy [ | Paste

Append Delete Resolve Conflicts

o o e gy S o O e e e
| (e o [ o] [E]

User1

The second PDCCH item in the DCI table confirms that the User 1 is semi-persis-
tent scheduled ("User > User 1 SPS") and subframe#14 is the release subframe of
this SPS ("User 1 SPS > Content > Rel.").

In the "DCI Table", select "User 1 SPS > Content > Rel."

The "DCI Configuration" dialog for DCI Format 1A opens. The DCI fields are set as
defined in TS 36.213; compare with the values in Table 4-5.
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EUTRA/LTE A: DCI Format Configuration (F1/5F4/1) X

Bit Data 4
101 1111 1111 1111 1110 0000 0000

DCI Format 1A

Mode 9
PDSCH
&
Localized/Distributed VRB Assignment []
Resource Block Assignment 2| Modulation and Coding Scheme 9
1274 31
[~ [=]
HARQ Process Number New Data Indicator u
Redundancy Version @ TPC Command for PUCCH 9
0 0
11. Open "Frame Configuration > OFDMA Timeplan" and enable:
a) "No of Subframes = 20"
b) "First Subframe = 0"
EUTRA/LTE A: Time Plan — X
Cell @ 1st Subframe || Subframes | View Mode
PCell 0 20 VRB
OFDM Symbols
T 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
i !
H E z
40 i
35 § 5 :
A H H H
830 i 1 : i
@ ; [ :
§25_.EE } : gﬁ: ] |
| [l
godil b s
(-3 | [l
15 !
[l
10 i
5 E
) | _
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 18 19 20
Time (/ms)
|user1|[usEr?] [PBCH [MBSFN|
E!EFFRSICSIﬁemePower GSI-S-S“IG DTX | Dummy
The time plan confirms User 1 transmission in subframe#2 and subframe#12.
12. Select "First Subframe = 10" to display the time plan of subframe#10 to sub-
frame#20.
There are no more subframes allocated to User 1; The SPS is released in sub-
frame#14.
ACHIVALE SPS...... et e e e e e e a e 167

SPS CRINT ettt ettt et e e e st et e e e s snbee e e e s abeeeeeeaans 167

] RS T (01 (=T V7= | 167
Activation/Release SUubframe NO........oooi i 167
COoNfIg PDCCH. ...ttt e e et e e e e ate e e e e e aneeas 167
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Activate SPS
Enables you to configure an SPS (semi-persistence scheduling) for the selected UE
and triggers the instrument to generate the required DCls.

Define the SPS pattern (SPS Interval) and select the exact subframe the SPS trans-
mission starts and stops (Activation/Release Subframe No).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SPS:STATe on page 878

SPS C-RNTI
Sets the SPS C-RNTI parameter.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SPS:CRNTi on page 879

SPS Interval
Defines the SPS interval as number of subframes (SF).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SPS:SINTerval on page 879

Activation/Release Subframe No
Defines the start and end subframes of the semi-persistent scheduling (SPS).

The UE validates an activation/deactivation request for an SPS only if the DCI fields
are set as required, see "Config PDCCH" on page 167.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SPS:SACTivation on page 879
[ : SOURce<hw>] :BB:EUTRa:DL:USER<ch>:SPS:SRELease on page 879

Config PDCCH
Accesses the (E)PDCCH format variable dialog for configuring the required DCI set-
tings in the activation subframe.

The UE validates an activation/deactivation request for an SPS only if the DCI fields
are set according to Tables 9.2 in TS 36.213. The Table 4-5 is an example of the DCI
format 1A fields (see also "DCI Format 1A" on page 201).

Table 4-5: PDCCH DCI format 1A fields for SPS activation and release/deactivation validation

Bit field SPS activation value SPS release value
"HARQ Process Number" 0 0

"Modulation and Coding Scheme" 0..15 31

"Redundancy Version" 0 0

"Resource Block Assignment” - Settoall "1"

4.3.8 LAA settings

Option: R&S SMW-K119
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Access:
1. Select "General > Link Direction > Downlink (OFDMA)".

2. Select "General DL Settings > Scheduling PDSCH Scheduling" > "Auto/DCI or
Auto Sequence”.

3. Enable at least on LAA SCell, for example select "General DL Settings > CA >
SCell#1 > Duplexing" > "LAA".

4. To configure the discovery reference signals:

a) Select "General DL Settings > Signals > DRS"
b) For example set, "SCell#1 > State = On", "Periodicity = 40", "Duration = 1",
"Offset = 1" and "Pattern = 0".

The DMTC occasion has a periodicity of 40 s. The DRS is 1 ms long and allocated
in the subframe#1 of the DMTC occasion, because "Pattern = 0" but "Offset = 1".
For more information, see "Discovery reference signal (DRS)" on page 58.

See also Chapter 4.2.7.5, "Discovery reference signals (DRS) settings",

on page 123.

5. Select "General > DL Frame Configuration" > "LAA".

6. Select "LAA Cell = SCell 1 (Index 1)", i.e. one of the SCell configured as LAA cells
in the DL carrier aggregation "CA" dialog.

7. Enable at least one LAA burst, e.g. set "Number of LAA Burst = 1".

8. Configure the LAA burst in terms of start and end subframe, burst duration and DCI
mode.

EUTRA/LTE: DL Frame Cunflgurutlun

Subframe PCFICH PHICH {E)PDCCH

LAA Cell Number of LAA Bursts
SCell 1 (Index 1

9. Observe the LAA SCell allocation on the "Time Plan".
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EUTRA/LTE: DL Frame Configuration

Subframe PCFICH PHICH (E)PDCCH

Cell o st Subfrarneo Subframes || View Mode . Detach Time Plan |
scell 1 (Index 1) 0 10 VRB
OFDM Symbols

5 10 15 20 25 30 35 40 45 50 55 60 65 ?0 T5 80 85 90 95 100105110115120125130135140

FTRRTRRENT ATauT i IHE ETEUT RTRTT TR RTAUE UTT STaet Huu T ATTTTAaTeY

Resource Block

Figure 4-12: LAA burst: understanding the displayed information

"DRS Offset = 1"

"DRS Duration = 1 ms"

LAA burst "Starting Subrame = 5", i.e. LAA burst start at subframe#5 of each frame

"Starting Symbol = s7", i.e. the LAA partial subframe starts at the boundary of the second

symbol within the LAA starting subframe

5 = "Burst Duration = 3 ms", where the starting LAA subframe is a partial subframe and the
last (ending) subframe contains 11 ending OFDM symbols

6 = "Number of Ending Symbols = 11" (not all symbols are used)

7 = "Ending Subframe = Starting Subframe + Burst Duration = 8"

Subframes = 10

A WON -
mnm nonn

10. To configure the DCI format 1C:

a) Select "General > DL Frame Configuration > LAA > LAA DCI 1C Mode = e.g.
(n-1)&n"

b) Select "(E)PDCCH > User = CC-RNTI"

c) For "DCI Format > 1C", select "Content > Config".

d) Set the field "Subframe Configuration for LAA".

11. Adjust the "ARB Sequence Length" according to "How to set the ARB sequence
length for signals composed of DRSs with different periodicity" on page 124.

For background details, see Chapter 2.2.8, "LTE Release 13/14 introduction”,
on page 55

The remote commands required to define these settings are described in Chap-
ter 11.14, "LAA and DRS", on page 771.

Settings:

LAA €Il ittt e e b e e e e s re e e sreeesaraeeeane 170
NUMDBDET Of LAA BUISES ... ettt ene s 170
BUISE INAEX. .ttt e e s e e e e eeeeas 170
Starting SUDTraME......eeii e e 170
Starting SYMDOL...... e 170
BUISt DUFALION (MS)...ueiiiiieiiiiiee ettt e et e e s e e s enneee e s 170
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Number of ENding SYMDOIS.........cooiiiiiiiiiiiee e 170
ENdiNg SUDramMe.......oeeeiieiee e 171
[ O By K @1V o T [ SR 171
(=3 ] D001 o N o] 4o 0 =1 PRSP 171
LAA Cell

Selects the LAA SCell for that the LAA is configured.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CEINdex on page 778

Number of LAA Bursts
You can configure up to 10 LAA bursts per LAA SCell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<ch0>:NUMBursts on page 779

Burst Index
Consecutive number indicating the LAA bursts.

Starting Subframe
Sets the first subframe of the LAA bust.

See:

® Figure 4-12

® Chapter 2.2.8.1, "Frame structure type 3 (LAA) and partial subframes", on page 56.
Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<ch0>:BURSt<st0>:STSFrame

on page 779

Starting Symbol

Defines the time point the LAA burst started:

® "s0": LAA burst starts at the LTE subframe boundary (subframeStartPositon),
i.e. at the first slot of a subframe

e "s7": LAA burst starts at the boundary of the second slot of a subframe
(secondSlotStartingPositon

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<ch0>:BURSt<st0>:STSLot
on page 779

Burst Duration (ms)
Sets the duration of the LAA burst.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<chO0>:BURSt<stO>:DURation
on page 779

Number of Ending Symbols
Sets the number of OFDM symbols in the last subframe of the LAA burst.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<ch0>:BURSt<st0>:LSFSymbols
on page 780

Ending Subframe
Indicates the number of the last subframe of the LAA burst. The value is calculated as
follows:

Indicates the number of the last subframe of the LAA burst. The value is calculated as
follows:
® For "Starting Symbol = s0"
"Ending Subframe" = "Starting Subframe" + "Burst Duration" - 1
® For "Starting Symbol = s7"
"Ending Subframe" = "Starting Subframe" + "Burst Duration"
Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<chO0>:BURSt<st0>:ENSFrame?
on page 780

LAA DCI 1C Mode
Defines how the DCI format 1C is sent.

Assuming n is the last subframe, DCI format 1C can be sent in the following ways:
* "(n-1)"
DCl is present in the next-to-last subframe (n-1).
[ ] "n"
DCl is present in the last subframe n.
If "Subframe Configuration for LAA < 14", no other physical channels are sent in
subframe n
® "(n-1)&n"
DCI present in both n and n-1 subframes
Both subframe have to use identical subframe configuration.
® "Manual"

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<ch0>:BURSt<st0>:ClMode
on page 780

(E)PDCCH Format
For "LAA DCI 1C Mode" different than "Manual", sets the (E)PDCCH format and
defines how many (E)CCEs are used for the transmission of the (E)PDCCH.

See also "(E)PDCCH Format (Variable)" on page 197.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:LAA:CELL<ch0>:BURSt<st0>:EPDCch
on page 781
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Subframe configuration settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General DL Settings > Scheduling > Manual".
3. Select "General > Frame Configuration".
4

To access the common subframe configuration settings, select one of the following:

"Frame Configuration > Subframe"
"Frame Configuration > PCFICH"
"Frame Configuration > PHICH"
"Frame Configuration > PDCCH"

EUTRA/LTE A: DL Frame Configuration

SuhframE PCFICH PHICH E)PDCCH
O

cell @ Subf
& ubirame Prevel °Nex1 QCOpy | Pasie
PCell 0

Cyclic Prefix 2| No. of Used Allocations @
Normal 2

Provided are the following common settings:

(=Y | T 172
SUDTTAmME SEIECHON........coeeeeeeeeeee e e e e e e e 172
L0 ol ol (=Y [ USSR 172
NO. Of USEA AllOCALIONS. .....uuviiiiiiiiiieeieieieeeeee ettt se s e e e eeeeaeaaeeeseeeeeees 173
L0707 0) V74 == (= TSRS 173
NV o (= V2R 173
Cell

With enabled "General DL Settings > CA > Activate Carrier Aggregation > On" state,
indicates to which cell (i.e. component carrier) the settings apply.

Remote command:
n.a

Subframe Selection
Sets the subframe to be configured in the frame configuration table.

Remote command:
n.a

Cyclic Prefix
Configuration of the cyclic prefix per subframe is only enabled, if the parameter Cyclic
Prefix is set to User Defined.

The number of the OFDM symbols per subframe is set automatically.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :CYCPrefix on page 737
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No. Of Used Allocations
Sets the number of scheduled allocations in the selected subframe.

The number of available allocations depends on the allocation's content type for a sub-
frame and the general channel bandwidth setting.

The default value depends on the existence of a PBCH channel in a subframe. In this
case, the default value is set to 2, otherwise to 1. The second or the first allocation is
reserved for the PDCCH, regardless whether this allocation is enabled or not.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ALCount on page 738

Copy/Paste
Copies/pastes the settings of the selected subframe. P-SYNC/S-SYNC/PBCH settings
are not considered.

For more detailed information, see Chapter B.1, "Copy/paste subframe", on page 1104.

Remote command:
n.a.

Next/Prev
Navigates through the subframes.

Remote command:
n.a.

DL resource allocation table

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "General Settings > Scheduling > Manual".

3. Inthe "General" tab, select "Frame Configuration > Subframe".

2560AM
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The resource allocation table comprises the settings necessary to configure the
individual allocation parameters for a subframe.

y [T Tor= o) o TN 410 a1 oY RSP 174
(070 Lo [=111Y oo PSP 174
1Y oTo LU E= 11 To] o PPN 174
0] g F= T Lot Yo IS 111 T 1 SR 174
LY = T - T o S 175
NO. RB (RESOUICE BIOCKS)......ueieiiiiiiiiiie ittt et 176
NN o TS 1Y/ o 4 T URPURURR 176
L0351 B o PR 177
L0 15T A0S 1Y/ o PR 177
U (o TSP 178
o 012 = £ S 178
D= = 0 T U o =SSO 178
Lo T N PR 179
(070 01 (=Y o A 1Y/ o1 TSRS 179
] €= (= REPR 179
L0707 31 To1 o5 180

Allocation number
Displays the consecutive number of the allocation.

Remote command:
n.a.

Codeword
Determines whether one or two codewords use the same physical resource, and
whether codeword 1/2 or 1/2 is configured with this allocation table entry

In case the data source for an allocation is set to User, changing this parameter sets
also the parameter "Codeword" of all allocations, belonging to the same User in the
subframe.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO0>:CODWords
on page 738

Modulation
Selects the modulation scheme for the allocation.

In case the data source for an allocation is set to User, changing this parameter sets
also the parameter "Modulation" of all allocations, belonging to the same User in the
subframe.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ALLoc<chO>[:CW<user>]:
MODulation on page 738

Enhanced Settings

Opens the "Enhanced Settings" dialog for configuration of precoding and channel cod-
ing (see Chapter 4.4, "Enhanced PBCH, PDSCH and PMCH settings", on page 211).
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Remote command:
n.a.

VRB Gap

Enables the utilization of virtual resource blocks (VRB) of distributed type and deter-
mines whether the first or the second gap is applied. That is, it determines the distribu-
tion and the mapping of the VRB pairs to the physical resource blocks (PRB) pairs.

The VRB-to-PRB mapping and the calculation of the VRB gap values are performed
according to TS 36.211. The specification defines two types of VRBSs, a localized distri-
bution with a direct mapping and distributed VRBs for better frequency diversity. The
distribution of the VRBs is performed in such a way, that consecutive VRBs are not
mapped to frequency-consecutive PRBs. The VRBs are spread over the frequencies
instead. Each single VRB pair is split into two parts and a frequency gap between
these two VRB parts is introduced. That is, a frequency hopping on a slot basis is
applied. For wider channel bandwidths (more than 50 RBs), a second VRB gap with
smaller size may be applied.

Tip: Use the "DL Time Plan" to visualize the PDSCH mapping.

The information whether localized or distributed VBRs are applied is carried by the
PDCCH. The DCI Formats 1A/1B/1D provide the special 1-bit flag "Localized/Distrib-
uted VBR Assignment" for this purpose. The selection whether the first or the second
gap is applied, is determined by the additional bit "Gap Value".

Note: In case a "General DL Settings > Scheduling > PDSCH Scheduling > Auto/DCI"
mode is used, the "VRB Gap" value is read-only and is set according to the configura-
tion of the corresponding DCI format.

Example:
"DL Channel Bandwidth = 10 MHZz" (50 RBs)

Three subframes are configured:

® Subframe#0
— PDSCH allocation#2 (User2): "VRB Gap = 0"
— PDSCH allocation#3 (User4): "VRB Gap = 0"

TFTTTT?TWF?FTT

® Subframe#1

— PDSCH allocation#2 (User2): "VRB Gap = 1"
— PDSCH allocation#3 (User4): "VRB Gap = 1"
— Both allocations use distributed VRBs; the first VRB gap is applied.

According to TS 36.211, the first VRB gap for 10 MHz channel bandwidth is 27
RBs

® Subframe#2
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— PDSCH allocation#2 (User2): "VRB Gap = 1"

— PDSCH allocation#3 (User4): "VRB Gap = 2"

— Both allocations use distributed VRBs. The first VRB gap is applied for PDSCH
allocation#2 (User2) and the second VRB gap for the allocation#3 (User4) .

According to TS 36.211, the second VRB gap for 10 MHz channel bandwidth is 9
RBs

Use the "DL Time Plan" to visualize the PDSCH mapping.

"o" A localized distribution is applied, i.e. the PDSCH mapping is per-
formed on a direct VRB-to-PRB mapping.

""" Enables a distributed resource block allocation. The first VRB gap is
used.

"2" Enabled for "Channel Bandwidths" greater than 50 RBs.

The mapping is based on the second (smaller) VRB gap.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>] :GAP
on page 739

No. RB (Resource Blocks)
Defines the bandwidth of selected allocation in terms of resource blocks per slot.

In case two codewords are configured, the defined bandwidth of the allocation with the
second codeword is determinate by the selected bandwidth of the first one.

"Auto" indicates automatically calculated value depending on other settings, like the
"Content type".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBRF<st0>] :ALLoc<chO>[:CW<user>]:
RBCount on page 739

No. Sym.
Sets the size of the selected allocation in OFDM symbols.

For FDD mode and content type PDSCH, this value is set automatically in a way that

the allocation always fills the complete subframe with consideration of the symbol off-
set.

Example:

For Cyclic Prefix with normal length (14 OFDMA Symbols) and Symbol Offset = 2 the
resulting "No. Of Symbols" is 12.

In case two codewords are configured, the size of the allocation with the second code-
word is determinate by the size of the first one.

While configuring a special subframe for TDD mode, the maximum size of the PDSCH
allocation is determined by the selected TDD frame structure settings and depends on
the selected Cyclic Prefix.

The following table shows the cross-reference between the special subframe configu-
ration and the maximum number of OFDM symbols available for PUSCH (DwPTS) in a
special subframe for normal and extended CP.
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Configuration of Special Sub- DwPTS DwPTS
frame (Normal CP) (Extended CP)
0 3 3

1 9 8

2 10 9

3 1 10

4 12 3

5 3 8

6 9 9

7 10 5

8 1 -

9 6 -

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
SYMCount on page 740

Offset RB
Sets the start resource block of the selected allocation.

The value is:

® Read only: if "Auto Offset Calculation > On"

® |n case two codewords are configured, the start resource block of the allocation
with the second codeword is determinate by the selected start resource block of
the first one.

e "Auto": if automatically calculated depending on other settings, like the "Content
type".

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:

RBOFfset on page 740

Offset Sym.
Sets the start OFDM symbol of the selected allocation.

Note: If the "Auto Offset Calculation"” mode is activated, this value is read only.
For extended cyclic prefix, the maximum symbol offset is 13.

Note: According to TS 36.211, up to first three OFDM symbols of a subframe are
reserved for control information (PDCCH). Therefore, for PDSCH allocations the maxi-
mum value is 3, regardless of the cyclic prefix length.

In case two codewords are configured, the start OFDM symbol of the allocation with
the second codeword is determinate by the selected start OFDM symbol of the first
one.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
SYMof fset on page 740

Auto
Sets whether automatic offset calculation is used or not.

Note: If the "Auto Offset Calculation" mode is activated, the resource block offset and
the start symbol offset are set automatically and cannot be changed.

By setting new allocations or changing the number of RBs of an existing allocation, the
Auto mode tries to distribute the allocations with activated Auto mode in an optimal
manner to the available resource blocks by adjusting the parameters "Offset RB". The
resulting "No. of Bits" of a certain allocation can vary, due to overlapping control chan-
nels.

If it is not possible to distribute the changed configuration to the available resources
blocks, a conflict is displayed.

Note: "Auto Offset Calculation" mode is only available for PDSCH. For PDCCH, this
parameter is always off.

In case two codewords are configured, the state of the "Auto Offset Calculation" mode
of the second codeword is set to the state of the first one.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ALLoc<chO>[:CW<user>] : AOC
on page 741

Phys. Bits
Displays the size of the selected allocation in bits and considering the subcarriers that
are used for other signals or channels with higher priority.

See Chapter A, "Conflict handling", on page 1099.

"Auto" indicates automatically calculated value depending on other settings, like the
"Content type".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PHYSbits? on page 741

Data Source
Selects the data source for the selected allocation.

For PBCH allocation with enabled parameter MIB (including SFN), the "Data Source =
MIB" is used.

If MBSFN is used, the data source of the allocations in the MBSFN subframes is set to
MCCH or MTCH depending on the MBSFN configuration.

Use the User configuration settings dialog to configure the data sources for "User x".
The following standard data sources are available:

e "AllO, All 1"

An internally generated sequence containing 0 data or 1 data.
® "PNxx"

An internally generated pseudo-random noise sequence.
® "Pattern"
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An internally generated sequence according to a bit pattern.
Use the "Pattern" box to define the bit pattern.
e "Data List/Select DList"
A binary data from a data list, internally or externally generated.
Select "Select DList" to access the standard "Select List" dialog.
— Select the "Select Data List > navigate to the list file *.dm_iqd > Select" to
select an existing data list.
— Use the "New" and "Edit" functions to create internally new data list or to edit
an existing one.
— Use the standard "File Manager" function to transfer external data lists to the
instrument.
See also:
® Section "Modulation Data" in the R&S SMW user manual.
® Section "File and Data Management" in the R&S SMW user manual.
® Section "Data List Editor" in the R&S SMW user manual

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>] :DATA
on page 741

[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ALLoc<chO>[:CW<user>]:
DSELect on page 742

[ : SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PATTern on page 742

Rho A
Sets the power Pppgcp (p A) respectively Ppgcy for the selected allocation.

The power of the PDCCH allocation Pppccy is read-only. The value is set in the
"Enhanced Channel Configuration" dialog of the corresponding subframe.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
POWer on page 743

Content Type
Indicates the type of the selected allocation.
Note: There can be only one PBCH in subframe 0.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
CONType? on page 743

State
Sets the allocation to active or inactive state.

In case two codewords are configured, the state of the allocation with the second code-
word is determinate by the state of the first one.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
STATe on page 744
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Conflict
Indicates a conflict between allocations.

For more information, see Chapter A, "Conflict handling”, on page 1099.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:

CONFlict on page 744

4.3.11 PCFICH settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "Frame Configuration > PCFICH".

EUTRA/LTE A: DL Frame Configuration

. Subframe PCFICH PHICH (E)PDCCH
General | Time Plan Sfﬂ oSfﬂ I St _
Subframe y y
IPrev °Nex1 ec:opy Pasie

General PCFICH / PHICH / PDCCH Configuration

State @ Scrambling

Precoding Scheme Number Of Layers
Tx Diversity 4

PCFICH Configuration

Power Control Region for PDCCH
0.000 dB 2 OFDMA Sym.

This dialog comprises the settings required for configuring PCFICH.

Settings:

General PCFICH/PHICH/PDCCH Configuration............ccccouiiiiiiiiiieieeeeeee e 180
e (=TT 181
L Precoding SChEME..........ccvreeececeeeeeeeeeeeeeeeeeeseaseeae et es e s st e tesenes 181
L Number of Layers (Enhanced Channels)...........ccoeueveerereereverceeeeesesseesenennns 181
L SCrambling State........cueeieeeeeeeeeeeeeee ettt 181

PCFICH CoNfigUration.......cceiiiieii ittt e e e e e e et ree e e e e e e e e e e e e eennnns 181
L PCFICH POWET.......ouceceieirireeseiseseisisetseesese et sss e ssssessssesnes 181
L Control Region for PDCCH (PCell)......c.cveveeeeeeeeeeeceeeeeeeeeeeeeeeeeeeeseeeeaeaeaeans 181

General PCFICH/PHICH/PDCCH Configuration
Comprises the settings common to all DL enhanced channels.
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State — General PCFICH/PHICH/PDCCH Configuration
Enables/disables the PDCCH, PCFICH and PHICH allocation.

Remote command:
[:SOURce<hw>}:BB:EUTRa:DL[:SUBF<stO>]:ENCC:STATeonpage792

Precoding Scheme — General PCFICH/PHICH/PDCCH Configuration
Selects the precoding scheme for PDCCH, PCFICH and PHICH.

"None" Disables precoding.

"Tx Diversity" Precoding for transmit diversity is performed according to TS 36.211
and the selected parameters.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PRECoding:SCHeme
on page 793

Number of Layers (Enhanced Channels) < General PCFICH/PHICH/PDCCH Con-
figuration
(Enabled for Precoding Scheme set to Tx Diversity)

Displays the number of layers for PDCCH, PCFICH and PHICH. This value is fixed to 1
for PDCCH, PCFICH and PHICH.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:PRECoding:NOLayers?
on page 793

Scrambling State < General PCFICH/PHICH/PDCCH Configuration
Enables/disables the scrambling of all DL enhanced channels.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:SCRambling:STATe
on page 793

PCFICH Configuration
Comprises the PCFICH settings:

PCFICH Power — PCFICH Configuration
Sets the power of the PCFICH (Ppcrich)-

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PCFich:POWer
on page 794

Control Region for PDCCH (PCell) — PCFICH Configuration

Sets the size of the control region, i.e. the number of OFDM Symbols that the region
spans (see Table 4-6).
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Table 4-6: Number of OFDM symbols in the control region for PDCCH

Channel Bandwidth | PHICH Duration | Duplex. Mode | OFDM Symbols in | The control region
Normal Subframe | Special Subframe
No RB > 10 Normal FDD 1,23 -
Normal TDD 1,2,3 1,2
Extended FDD 3 -
Extended TDD 3 2
No RB <=10 Normal FDD 2,3,4 -
Normal TDD 2,3,4 2
Extended FDD 3,4 -
Extended TDD 3,4 2

The size of the control region can vary per subframe.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ENCC:PCFich:CREGion
on page 794

4.3.12 PHICH settings

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "Frame Configuration > PHICH".

EUTRA/LTE A: DL Frame Configuration

. Subframe PCFICH PHICH (E)PDCCH
Cell Subframe E E
- °Prev °Nex1 OCopy OPaste
PCell 3

Number of PHICH Groups

3
Power Mode Power
Constant -3.010 dB

This dialog comprises the settings required for configuring PHICH.

User Manual 1175.6703.02 — 34 182



EUTRAI/LTE/loT EUTRAI/LTE configuration and settings

DL frame configuration settings

Provided are the following settings:

(7= | SRRSO 183
Number Of PHICH GrOUPS. .....cooieeiieee ettt e e e e 183
01117 VT Yo [ PR 183
e o 1 T 01T S 184
o o 110 T =T o[RS 184

L ACK/NACK Pattern GrOUD X.....cveueieeeeeieeeeeeseeeeeeseseseseeeseseesseseessssssessssneenas 184

L POWET INFO. ..ttt ettt ee e et s s s e seanas 184

L Power Settings CONfIg........cooiviueeereeeeeeeeeeeeeee et eee e ee e ee s en e aes 184
Cell

With enabled "General DL Settings > CA > Activate Carrier Aggregation > On" state,
indicates to which cell (i.e. component carrier) the settings apply.

Remote command:
n.a

Number of PHICH Groups
Displays the number of available PHICH groups, depending on the value of the param-
eter PHICH N_g.

If "PHICH N_g > Custom", this parameter is enabled for configuration.

® For normal CP, one PHICH group consists of 8 ACK/NACK messages from several
users.

® For extended CP, one PHICH group carries 4 ACK/NACK messages from several
users.

Each PHICH group uses 3 resource element groups (REGs); hence the total number
of REGs used for PHICH is 3 times the number of PHICH groups.

The number of the available OFDM symbols for the allocation of this total number of
REGs depends on the selection made for the parameter PHICH Duration (normal or
extended).

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PHICh[:CELL<ccidx>]:
NOGRoups on page 795

Power Mode
Determines whether all PHICHSs in a PHICH group are sent with the same power or
enables the adjustment of each Ppy ey individually.

The parameter Power Info displays the power values of the configured PHICHs.

"Constant” The power of a PHICH (Ppycy) in @ PHICH group is set with the
parameter Power.

"Individual” The power of the individual PHICHs is set in the PHICH Power Config
dialog.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] : ENCC:PHICh: PMODe on page 794
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PHICH Power
Sets the power of one PHICH (Ppy cn) in @ PHICH group, i.e. the total power of one
PHICH group is the sum of the power of the transmitted PHICHs within this group.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :ENCC:PHICh:POWer on page 795

PHICHs Table
Comprises the settings of the PHICHSs.

ACK/NACK Pattern Group x < PHICHs Table
Sets the ACK/NACK pattern for the corresponding PHICH group, where:

® "1"indicates an ACK

e "0"indicates a NACK

e ""jindicates DTX
DTX means that the corresponding PHICH is not transmitted, i.e. the orthogonal
sequence is not used.

The number of ACK/NACK messages carried by a PHICH group depends on the
Cyclic Prefix. Hence, a pattern group consists of 8 or 4 values for normal and extended
CP respectively.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ENCC:PHICh:CELL<chO>:
ANPattern<gr0> on page 795

Power Info < PHICHSs Table
Displays the power values of the configured PHICHSs.

Remote command:
n.a.

Power Settings Config. — PHICHs Table

Opens the "PHICH Power Config". dialog to configure the power of the PHICHs individ-
ual.
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EUTRA/LTE A: PHICH Group Power Conf.

PHICH 0

PHICH 2

PHICH 4

PHICH 6

-3.010 dB

-3.010dB

-3.010dB

-3.010 dB

PHICH 1

PHICH 3

PHICH 5

PHICH 7

DL frame configuration settings

-3.010 dB

-3.010dB

-3.010 dB

-3.010 dB

PCell / Subframe 0

ACK/NACK Pattern Group 0

"ACK/NACK Pattern Group"
Displays the ACK/NACK pattern group the values are adjusted for.

Sets the power of the individual PHICHSs.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PHICh[:CELL<ccidx>]:
GROup<gr0>:ITEM<user(>:POW on page 796

"PHICH x"

4.3.13 (E)PDCCH settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".

2. Select "Frame Configuration > (E)PDCCH".
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3. Select "PDCCH Format = 1".

EUTRA/LTE: DL Frame Configuration — X

Subframe PCFICH PHICH (E}PDCCH
Subf
ubirame 0 °Preve| °Next | eCupy | OPasteel

MNumber of PDCCH Bits / REGs / CCEs
1920/ 240/ 26

Power
0.000dB

PDCCH Format

Data Source

Number of PDCCHs Mumber of REGs allocated to PDCCH

Number of Dummy REGs

This dialog comprises the settings required for configuring PDCCH.

Settings:

[ 1007 o I o] s 4= | R 186
[0 1YY 187
Number of PDCCH Bits / REGS / CCES........coovviiiiieeeieiiiitcceieie e e e e e e eee e e eeeeeeeeeanens 187
NUMDET Of PDCCHS.....cciiiiiiieeeeeeeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e e e e eeeeaere bbb aanans 188
Number of REGs allocated to PDCCH............cooviiiviieiiiicceie e eeeeeeeanans 188
Number of DUMMY REGS........oooiiiiiiiiccieie et e e e e 189
[ E=) 7= IS Lo U] (o7 YRS 189

PDCCH Format
Sets the PDCCH format.

The PDCCH format determines how many CCEs (control channel elements) are used
for the transmission of the PDCCH, i.e. determines how many PDCCHs (#PDCCH)
can be transmitted.

The following figure shows the distribution of the PDCCH over the CCEs for the differ-
ent formats.

EBEMFEEH CCERE ME#EGCEHFLE#HFGEHFGE#? Format#3

Formati#2

Format#1

Format#0
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"Variable" Select this mode to enable full flexibility by the configuration of the
downlink control information (DCI) format and content (see Chap-
ter 4.3.14, "(E)PDCCH format variable", on page 189).

1" Proprietary format for legacy support.

This format corresponds to the transmission of one PDCCH on all
available REGs, i.e.

® Number of available REGs = #REGs allocated PDCCH,

e #PDCCH-=1,

® #DummyREGs = 0.

"0" One PDCCH is transmitted on one CCE, i.e. #REG=1.
""" One PDCCH is transmitted on two CCEs, i.e. #REG=18.
"2" One PDCCH is transmitted on four CCEs, i.e. #REG=36.
"3" One PDCCH is transmitted on eight CCEs, i.e. #REG=72.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:FORMat
on page 798

Power
Sets the power of the PDCCH (Pppcch)-

The value set with this parameter is also displayed in the allocation table for the corre-
sponding allocation.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] : ENCC:PDCCh:POWer on page 796

Number of PDCCH Bits / REGs / CCEs
Displays the number of bits / REGs / CCEs allocated for PDCCH.

"Number of PDCCH Bits"
Indicates the number of bits available for PDCCH.

The number of bits available for PDCCH allocation depends on the
selected:
® (Channel Bandwidth
® Global MIMO Configuration
Number of PHICH Groups
PHICH Duration
Control Region for PDCCH (PCell)

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:
BITS on page 797
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"Number of PDCCH REGs"
Indicates the number of the REGs that are available for the PDCCH
allocation.
The number of REGs available for PDCCH allocation depends on the
"Number of PDCCH Bits" (#Bitsppccn) and is calculated as follows:

#REGs availableppccy = #Bitsppecn / 8

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:
BITS on page 797

"Number of PDCCH CCEs"
Indicates the number of the control channel elements (CCEs) that are
available for the PDCCH allocation.
The PDCCH is mapped to the REGs not used for PHICH and
PCFICH and transmitted on one or several CCEs, where a CCE cor-
responds to 9 REGs, i.e. the number of the available CCEs is calcula-
ted as follows:
#CCEs availableppccy = "Number of PDCCH REGs"/ 9

Note: If Activate Carrier Aggregation > "On", the parameter "Number
of available CCEs" displays information about the PCell.

Information related to the SCells is displayed by the corresponding
parameter No. Dummy (E)CCEs.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] : ENCC:PDCCh:
AVCCes on page 797

Number of PDCCHs
(for "PDCCH Format" different than "Variable")

Sets the number of PDCCHs to be transmitted.

The maximum number PDCCH that can be transmitted on the available REGs for
PDCCH depends on the number of REGs (#REG) reserved for the transmission of one
PDCCH, i.e. depends on the selected PDCCH Format and is calculated as follows:

#PDCCH = Number of PDCCH REGs / #REG.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:NOPDcchs
on page 798

Number of REGs allocated to PDCCH
(for "PDCCH Format" different than "Variable")

Defines the number of REGs that are allocated for PDCCH transmission (#REGs allo-
catedppccn) and is calculated as follows:

#REGs allocatedppccy = #PDCCH * #REG

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:ALRegs

on page 799
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Number of Dummy REGs
(for "PDCCH Format" different than "Variable")

Displays the number of REGs that are available for the PDCCH allocation but are not
allocated and is calculated as follows:

#DummyREGs = Number of PDCCH REGs - #REGs allocated PDCCH.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st(0>] : ENCC:PDCCh:DREGs on page 799

Data Source
(for "PDCCH Format" different than "Variable")

Selects the data source for PDCCH.
The following standard data sources are available:

e "AllO, Al 1"

An internally generated sequence containing 0 data or 1 data.
® "PNxx"

An internally generated pseudo-random noise sequence.
e "Pattern"

An internally generated sequence according to a bit pattern.
Use the "Pattern” box to define the bit pattern.
® "Data List/Select DList"

A binary data from a data list, internally or externally generated.

Select "Select DList" to access the standard "Select List" dialog.

— Select the "Select Data List > navigate to the list file *.dm_iqd > Select" to
select an existing data list.

— Use the "New" and "Edit" functions to create internally new data list or to edit
an existing one.

— Use the standard "File Manager" function to transfer external data lists to the
instrument.

See also:

® Section "Modulation Data" in the R&S SMW user manual.

® Section "File and Data Management" in the R&S SMW user manual.
® Section "Data List Editor" in the R&S SMW user manual

Remote command:

[ : SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] : ENCC:PDCCh:DATA on page 799
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] : ENCC:PDCCh:PATTern

on page 800

[ : SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:PDCCh:PATTern

on page 800

(E)PDCCH format variable

Access:
1. Select "General > Link Direction > Downlink (OFDMA)".
2. Select "Frame Configuration > (E)PDCCH".
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3. Select PDCCH Format > "Variable".

EUTRA/LTE A: DL Frame Configuration

Subframe PCFICH PHICH (E)PDCCH
Subframe
o °Prev‘a| °Next @Copy GPasteal

Power

Number of PDCCH Bits / REGs / CCEs
0.000 dB 3168 /396 /44

PDCCH Format DC\ Tab\e

Variable I

Data PN9
Use these parameters and the DCI table to configure the multiple scheduling mes-

sages (DClIs) with the corresponding (E)PDCCHs.

DUMMY CCE REGS.... ittt et e e nnnee s 190
Dummy CCE Data SOUICE........ueeiiiiiiiieie ettt 191
Standard configuration fUNCLONS..........cuiiiiiii i 191
=TT SRR 192
RESOIVE CONTIICES....utiiiiee ittt e e st ee e e s s rntee e e e s sneeeeeeens 192
D104 I =1 o =TSP 192
L Number of Used (E)PDCCH HEMS........c.ccoveveeeeeeeeeceeteeeteeeeeeees e e e e 193
L USBr ettt 193
L UE_ID/N_RNT ettt es e en s nananeen 194
L eIl INAEX . vuvrrereeirreeices ettt sttt ennes 194
L Carrier INAicator FIEld (CIF).......oeeeeeeeeeeeeeeeeeeseeeeeeseseeeeeesesee s seses e 194
L (=5 ]2 Lot TR 195
L DCI FOMMAL ...ttt 195
L SEAICN SPACE.......e ettt ettt 196
L Content Config/ Content ACt./REL..........c.cveveeeeeeeeeeeeeeeeeeeeeeee e, 197
L (E)PDCCH Format (Variable)..........c.ceieeeeeeeeeeeeeeeeeee e eeeeee e 197
L NUMDET (E)CCES. ...vveieeeeeeeeeeeeeeeee et ees e es e e et s s e e nnan 198
L (E)CCE INAEX .ttt ettt et en et s e seen e 198
L NO. DUMMY (E)CCES......oiieieeeeeeeceeeeeeeeeeeeeees e st esen st enenas e senees 198
L CONTlICE (DC).vvrereteteieeeeeeeeeeeeeeeeete ettt ee e en s eae ettt ses s s en s s ananaeae 198

Dummy CCE REGs
Sets the behavior of the dummy REGs, i.e. determines whether dummy data or DTX is
transmitted.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:DCRegs:TRSource
on page 800
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Dummy CCE Data Source
Selects the data source for the dummy CCE.

The following standard data sources are available:

e "AllO, All 1"

An internally generated sequence containing 0 data or 1 data.
® "PNxx"

An internally generated pseudo-random noise sequence.
® "Pattern"

An internally generated sequence according to a bit pattern.
Use the "Pattern" box to define the bit pattern.
® "Data List/Select DList"
A binary data from a data list, internally or externally generated.
Select "Select DList" to access the standard "Select List" dialog.
— Select the "Select Data List > navigate to the list file *.dm_iqd > Select" to
select an existing data list.
— Use the "New" and "Edit" functions to create internally new data list or to edit
an existing one.
— Use the standard "File Manager" function to transfer external data lists to the
instrument.
See also:
® Section "Modulation Data" in the R&S SMW user manual.
® Section "File and Data Management" in the R&S SMW user manual.
® Section "Data List Editor" in the R&S SMW user manual

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:PDCCh:DCRegs :DATA

on page 801
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:PDCCh:DCRegs:PATTern
on page 801
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:DCRegs:DSELect
on page 801

Standard configuration functions
Standard configuration functions:

"Append" Adds a row at the end of the table.
Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] : ENCC:PDCCh:
EXTC:APPend on page 802

"Insert" Insert a new row before the current one.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:
EXTC:SITem on page 802

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:
EXTC:INSert on page 802
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"Delete" Deletes the selected row.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:
EXTC:DELete on page 802

"Down/Up" Moves the selected row down or up.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:
EXTC: DOWN on page 803

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:
EXTC:UP on page 803

Reset
Resets the table.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:RESet
on page 804

Resolve Conflicts

The "Resolve Conf." is a built-in algorithm that reassigns automatically the CCE values
depending on the configured "Search Space"; previously configured CCE values are
not maintained. If the conflict cannot be resolved automatically, the values are left
unchanged.

For more information on how to solve DCI conflicts, see Chapter A.3, "DCI conflict han-
dling", on page 1101.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:EXTC:SOLVe?

on page 804

To query the number of current conflicts:

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:CONFlicts?
on page 803

DCI Table

Access:

® Select "General > Link Direction > Downlink (OFDMA)".
® Select "Frame Configuration > (E)PDCCH".

® Select PDCCH Format > "Variable".

® Select "DCI Table".
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EUTRA/LTE A: DL Frame Configuration —_— X

Subframe PCFICH PHICH (E)PDCCH
General Tlme plan - osfﬂ _
Subf j
ubirame 0 °Prev‘a| °Nex1 @Copy | GPaste

Append Reset Resolve Conflicts ‘
el oo i, SR e Y 5 T T e
B O ElE

The "DCI Table" comprises the settings concerning the (E)PDCCH content.

Number of Used (E)PDCCH Items < DCI Table
Displays the number of the (E)PDCCH items, i.e. the number of rows in the DCI table.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:PDCCh:EXTC:UITems

on page 804

User — DCI Table
Selects the user the DCl is dedicated to. The available DCI Format depend on the
value of this parameter.

Note: If Activate Carrier Aggregation > "On", the Cell Index determines the component
carrier the corresponding user is mapped to.

To enable one particular user in more than one component carrier, append several
table rows and enable the same "User" in the different component carriers.

"User x" Selects one of the four users configured in the User configuration set-
tings dialog.
The DCls of an inactive user ("Configure User" > State > "Off") are
not configurable and not considered by the calculation of "No.
Dummy CCEs".

"P-RNTI/S-RNTI/RA-RNTI"
A group of users is selected.

"User x eIMTA"
Option: R&S SMW-K113
Indicates that the user supports eIMTA. Use the DCI format 1C set-
tings to define the UL/DL configuration numbers.
See "DCI Format 1C for eIMTA" on page 205.
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"CC-RNTI" Option: R&S SMW-K119
Sets that the DCI format 1C uses CRC scrambled with the CC-RNTI.
Use the DCI format 1C settings to define the LAA subframe configu-
ration.
See "DCI Format 1C for LAA" on page 206.

"User x SPS" Indicates an activated semi-persistent scheduling (SPS) for the corre-
sponding user.
"None" Allows free definition of all settings

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
USER on page 808

UE_ID/n_RNTI < DCI Table
Displays the UE_ID or the n_RNTI for the selected PDCCH.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
UEID on page 805

Cell Index < DCI Table
Sets the component carrier on that the corresponding DCI is transmitted.

This parameter refers to the "DL Carrier Aggregation Configuration" > Cell Index. The
"Cell Index" of the PCell (primary cell) is always set to 0.

Example:

If the following settings are enabled in the "DL Carrier Aggregation Configuration" dia-
log, the value range of the parameter "Cell Index" is 0, 1, 3, 5and 7.

Component carrier Cell index
PCell 0
SCell#1 1
SCell#2 3
SCell#3 7
SCell#4 5

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:PDCCh:EXTC: ITEM<chO>:
CELL on page 806

Carrier Indicator Field (CIF) — DCI Table
(Requires R&S SMW-K85)

This field is enabled if:
® Activate Carrier Aggregation > "On" and
® For each User with "Configure User" > Activate CA.
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The CIF is present in each DCI Format and identifies the component carrier that car-
ries the PDSCH or PUSCH for the particular PDCCH in the cross-carrier approach
(see Figure 2-27).

According to the LTE specification, cross-carrier scheduling is enabled by higher-level
signaling. To simulate a cross-carrier scheduling in this implementation, enable the "DL
carrier aggregation configuration>CIF Present" per each component carrier/cell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
DCIConf:CIField on page 810

(E)PDCCH — DCI Table
Indicates if the DCl is carried by a PDCCH or by an EPDCCH set.

You can assign an EPDCCH set in the following cases:

e |fthe EPDCCH transmission and the particular set are activated for the selected
user.
See Chapter 4.3.5, "EPDCCH configuration settings", on page 156.

® EPDCCH is not allocated in a TDD special subframe in one of the situations listed
in Table 4-7.

Table 4-7: Combinations of cyclic prefix and TDD special subframe configurations

"Cyclic Prefix" TDD Special Subframe Config
Normal / Extended 0

Normal 5

Extended 4,7,8,9

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
PDCChtype on page 807

DCI Format < DCI Table
Sets the DCI format for the selected PDCCH.

The downlink control information (DCI) is a message used to control the physical layer
resource allocation in both the UL and DL direction. It carries scheduling information as
well as uplink power control commands.

The DCI is mapped on the PDCCH and depending on the DCI message size and
usage are categorized into four different formats that are further subdivided (see
Table 4-8).

Table 4-8: Overview DCI formats

DCI format Purpose
DCI Format 0 PUSCH allocation information
DCI Format 1 PDSCH information with one codeword

DCI Format 1A
DCI Format 1B
DCI Format 1C
DCI Format 1D
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DCI format Purpose

DCI Format 2/2A/2B/2C/2D PDSCH information for MIMO configuration (two
codewords)

DCI Format 3/3A Uplink power control information

The fields of each DCI format are configurable parameters that can be adjusted in the
corresponding dialog box. Select Content Config/ Content Act./Rel. to access this dia-
log box for the selected "DCI Format".

Not all DCI formats are always enabled for selection.

The following table gives an overview of the cross-reference between the available DCI
formats and the value of the parameter User.

User DCI format
P-RNTI/SI-RNTI/RA-RNTI 1A, 1C

User x 1,1A, 1B, 1D, 2, 2A, 2B, 2C, 2D
None All formats

See also TS 36.212, chapter 5.3.3.1.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
DCTIFmt on page 805

Search Space < DCI Table
Defines the search space for the selected DCI, i.e. determines the valid CCE indexes.

The search space determines the set of CCEs a UE monitors. The UE can decode
only the control information on a PDCCH that is transmitted over CCEs within the
search space this UE monitors.

Note: The 3GPP specification defines two kinds of search spaces, the common and
the UE-specific search space.

Avoid the use of the "Auto" and "Off" values; these values are provided for backwards
compatibility reasons only.

"Off" No search space is determined.
All CCEs are monitored.

"Auto" Provided for backward compatibility only.

An internal mapping to the common and UE-specific search space is
applied depending on the value of the parameter "User":

® For "User x", "Auto" corresponds to "UE-spec"

® |n all other cases, "Auto" corresponds to "Common"

"Common" The DCI is mapped to the common search space.
A common search space is used when all or a group of UEs is
addressed. The combination "User 1" and common search space is
enabled in PCell only.

User Manual 1175.6703.02 — 34 196



EUTRAI/LTE/loT EUTRAI/LTE configuration and settings

DL frame configuration settings

"UE-spec" Non-common DCls are mapped to the UE-specific search space.
Each UE has multiple UE-specific search space, determined as a
function of the UE_ID and the subframe. A UE-specific search space
applies for the User set to "User x".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
SESPace on page 808

Content Config/ Content Act./Rel. — DCI Table
Opens the DCI format configuration dialog to configure the DCI fields of the selected
DCI Format.

In the activation and release subframes of users that are semi-persistent scheduled
(User > "User x SPS"), the function "Act./Rel." accesses the DCI format configuration
dialog to configure the special fields for the SPS validation.

Remote command:
n.a.

(E)PDCCH Format (Variable) < DCI Table
Sets the (E)PDCCH format.

The (E)PDCCH format determines how many (E)CCEs are used for the transmission
of the (E)PDCCH.

Table 4-9: Supported PDCCH formats [TS 36.211]

PDCCH format Number of CCEs Number of REGs Number of PDCCH bits
0 1 9 72

1 2 18 144

2 4 36 288

3 8 72 576

Table 4-10: EPDCCH formats and number of ECCEs for one EPDCCH NEFPCCH_ ... [TS 36.211]

EPDCCH format Case A Case B
0 2 1

1 4 2

2 8 4

3 16 8

4 -/32* -/16*

*) EPDCCH format 4 is supported if distributed transmission is used (see Transmission
Type).

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:PDCCh:EXTC: ITEM<chO>:
PFMT on page 806
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Number (E)CCEs — DCI Table
Defines the number of control channel elements used for the transmission of the
(E)PDCCH.

The value depends on the selected (E)PDCCH format.
Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] : ENCC:PDCCh:EXTC: ITEM<chO>:
NCCes? on page 806

(E)CCE Index < DCI Table
Sets the (E)CCE start index.

The available ECCEs depend on the selected (E)PDCCH format.
Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:PDCCh:EXTC: ITEM<chO>:
CINDex on page 807

No. Dummy (E)CCEs « DCI Table
Defines the number of dummy (E)CCEs that are appended to the corresponding
PDCCH.

Note: If Activate Carrier Aggregation > "On", the "Number of Dummy CCEs" is calcula-
ted per component carrier and depends on the selected Bandwidth.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO0>:
NDCCes? on page 807

Conflict (DCI) < DCI Table

Indicates a conflict between two DCI formats.

For more information on how to solve DCI conflicts, see Chapter A.3, "DCI conflict han-
dling", on page 1101.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
CONFlict? on page 809

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:PDCCh:EXTC:CONFlicts?
on page 803

4.3.15 DCI format configuration

For information on the provided settings, see also TS 36.212, chapter 5.3.3.1.
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Carrier Indicator Field (CIF)
(Requires R&S SMW-K85)

This field is enabled if:

® Activate Carrier Aggregation > "On" and

® For each User with "Configure User" > Activate CA.

The CIF is present in each DCI Format and identifies the component carrier that car-
ries the PDSCH or PUSCH for the particular PDCCH in the cross-carrier approach
(see Figure 2-27).

According to the LTE specification, cross-carrier scheduling is enabled by higher-level
signaling. To simulate a cross-carrier scheduling in this implementation, enable the "DL
carrier aggregation configuration>CIF Present" per each component carrier/cell.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
DCIConf:CIField on page 810

Bit Data
Displays the resulting bit data as selected with the DCI format parameters.

Mapping of the information bits is according to TS 36.212.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:

DCIConf:BITData? on page 810

DCI Format 0
The DCI format 0 is used for scheduling uplink transmission on PUSCH and transmits
the information listed in the following table.

EUTRA/LTE: DCI Format Configuration (FO/SF0/0) — ) ¢
Bit Data 9
000 0000 0000 0000 0000 0000 0000
DCI Format 0
PUSCH Frequency Hopping 0 Res.Block Assignment and Hop.Res.Allocation .
Modulation and Cod. Scheme and Red.Version . New Data Indicator 0]
TPC Command for PUSCH Cyclic Shift for DMRS
0 0
CsSl/CQl Request
0
Resource Allocation Type
0

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.
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If the DCI format is used for validation of the semi-persistent scheduling (SPS) activa-
tion or release, some special DCI fields are predefined according to Tables 9.2in TS
36.213. See also Chapter 4.3.7, "SPS configuration settings", on page 162.

Control Informa-
tion Field

SCPI command

Dependencies

"Carrier Indicator
Field (CIF)"

[ : SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:CIField on page 810

See "Carrier Indica-
tor Field (CIF)"
on page 194

"PUSCH Fre-
quency Hopping"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:PFHopping
on page 816

"Resource Block
Assignment and
Hopping Resource
Allocation"

[ : SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf :RAHR on page 817

"Modulation and
Coding Scheme
and Redundancy
Version"

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:MCSR on page 814

"New Data Indica-
tor"

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:NDI on page 815

"TPC Command for
PUSCH"

[ : SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TPCC on page 821

"Cyclic Shift for
DMRS"

[ :SOURce<hw>] :BB:EUTRa:DL [ :SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:CSDMrs on page 812

"UL Index"

[ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:ULINdex on page 822

TDD mode and
TDD frame struc-
ture settings 0

"Downlink Assign-
ment Index"

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf:DLAindex
on page 812

TDD mode and
"UL/DL Configura-
tion=1to 6"

"CSI/CQl Request"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:CSIRequest
on page 812

"Search Space"

other than "Com-
mon" and "User >
Tx Mode = TM10"

"SRS Request"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:SRSRequest
on page 818

"User Configura-
tion" > Aperiodic
SRS State >"On"

"Resource Alloca-
tion Type"

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:RAType on page 818

DCI Format 1

The DCI format 1 carries information for scheduling transmission of one codeword on
PDSCH. The different fields of this format are summarized in the following table.
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EUTRA/LTE: DCl Format Configuration (FO/SFO0/0) — X

Bit Data

100 0000 0000 0000 0070 0000 0000 00001

DCI Format 1

Resource Allocation Header
Resource Block Assignment Modulation and Coding Scheme

1 0
HARQ Process Number 0 New Data Indicator ]
Redundancy Version TPC Command for PUCCH

0 0

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

If the DCI format is used for validation of the semi-persistent scheduling (SPS) activa-
tion or release, some special DCI fields are predefined according to Tables 9.2 in TS
36.213. See also Chapter 4.3.7, "SPS configuration settings", on page 162.

Control Informa- SCPI command Dependencies
tion Field
"Carrier Indicator [ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC: See "Carrier Indica-
Field (CIF)" PDCCh:EXTC: ITEM<chO>:DCIConf:CIField on page 810 | tor Field (CIF)"
on page 194
"Resource Alloca- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: "Channel Band-
tion Header" PDCCh:EXTC: ITEM<chO>:DCIConf:RAH on page 817 width > 10RBs"
"Resource Block [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:
Assignment" PDCCh:EXTC:ITEM<ch0>:DCIConf :RBA on page 818
"Modulation and [ : SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:
Coding Scheme" PDCCh:EXTC:ITEM<ch0>:DCIConf:MCSR on page 814
"HARQ Process [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] : ENCC:
Number" PDCCh:EXTC: ITEM<ch0>:DCIConf : HPN on page 813
"New Data Indica- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:
tor" PDCCh:EXTC: ITEM<ch0>:DCIConf:NDI on page 815
"Redundancy Ver- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:
sion" PDCCh:EXTC:ITEM<ch0>:DCIConf:RV on page 818
"TPC Command for | [ : SOURce<hw>] :BB:EUTRa:DL [ :SUBF<st0>] :ENCC:
PUCCH" PDCCh:EXTC: ITEM<ch0>:DCIConf:TPCC on page 821
"Downlink Assign- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] : ENCC: TDD mode
ment Index" PDCCh:EXTC:ITEM<ch0>:DCIConf:DLAindex
on page 812

DCI Format 1A
DCI format 1A is used for the compact scheduling of one PDSCH codeword and ran-
dom access procedure initiated by a PDCCH order.
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EUTRA/LTE: DCl Format Configuration (FO/SFO0/0) — X
Bit Data 9
100 0000 0000 0000 0000 0000 0000
DCI Format 1A
Mode i
PDSCH
Localized/Distributed VRB Assignment ]
Resource Block Assignment
0
Modulation and Coding Scheme
0
HARQ Process Number
0
New Data Indicator ]
Redundancy Version
0
TPC Command for PUCCH
0

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

The contents of DCI Format 1A are listed in the following table; the available fields
depend whether a PDSCH or PRACH is transmitted.

If the DCI format is used for validation of the semi-persistent scheduling (SPS) activa-
tion or release, some special DCI fields are predefined according to Tables 9.2 in TS
36.213. See also Chapter 4.3.7, "SPS configuration settings”, on page 162.

Control Informa- SCPI command Dependencies
tion Field
"Carrier Indicator [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC: See "Carrier Indica-
Field (CIF)" PDCCh:EXTC:ITEM<ch0>:DCIConf:CIField on page 810 | tor Field (CIF)"

on page 194
"Mode" [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:

PDCCh:EXTC:ITEM<chO0>:DCIConf:F1AMode on page 810

"Localized/Distrib- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:

uted VRB Assign- PDCCh:EXTC:ITEM<ch0>:DCIConf :VRBA on page 823

ment"

"GAP Value" [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC: "Channel Band-

PDCCh:EXTC: ITEM<ch0>:DCIConf :GAP on page 813 width >= 50RBs",

"Distributed VBR
Assignment" and
"User = User x"

"Resource Block [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:

Assignment" PDCCh:EXTC:ITEM<ch0>:DCIConf :RBA on page 818

"Modulation and [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: PDSCH Mode

Coding Scheme" PDCCh:EXTC:ITEM<ch0>:DCIConf:MCSR on page 814
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Control Informa-

SCPI command

Dependencies

tion Field

"HARQ Process [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: PDSCH Mode
Number" PDCCh:EXTC: ITEM<ch0>:DCIConf : HPN on page 813

"New Data Indica- [ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :ENCC: PDSCH Mode
tor" PDCCh:EXTC: ITEM<ch0>:DCIConf:NDI on page 815

"Redundancy Ver- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: PDSCH Mode
sion" PDCCh:EXTC: ITEM<ch0>:DCIConf:RV on page 818

"TPC Command for | [:SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC: PDSCH Mode
PUCCH" PDCCh:EXTC: ITEM<ch0>:DCIConf:TPCC on page 821

"Downlink Assign- | [:SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC: PDSCH Mode
ment Index PDCCh:EXTC:ITEM<ch0>:DCIConf:DLAindex TDD mode

on page 812

"SRS Request"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:

PDCCh:EXTC:ITEM<chO>:DCIConf:SRSRequest

"User Configuration
> User x > Aperi-

on page 818 odic SRS > On"
"Preamble Index" [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC: PRACH Mode

PDCCh:EXTC:ITEM<ch0>:DCIConf:PRACh:PRINdex

on page 811
"PRACH Mask [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC: PRACH Mode
Index" PDCCh:EXTC:ITEM<ch0>:DCIConf:PRACh:MINDex

on page 811

DCI Format 1B

DCI format 1B is used for the compact scheduling of one PDSCH codeword with pre-
coding information, i.e. when MIMO operation is involved.

The precoding information consists of 2 or 4 bits for 2 and 4 antennas respectively.

EUTRA/LTE: DCI Format Configuration (FO/SF0/0)

— | X

[~

0000 0000 0000 0000 0000 0000 0000
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DCI Format 1B

Localized/Distributed VRB Assignment []
Resource Block Assignment

0
Modulation and Coding Scheme

0
HARQ Process Number

0
New Data Indicator ]
Redundancy Version

0
TPC Command for PUCCH

0
TPMI Information for Precoding

0
PMI Confirmation for Precoding []
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The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

The DCI Format 1B transmits the information listed in the following table.

Control Informa-
tion Field

SCPI command

Dependencies

"Carrier Indicator
Field (CIF)"

[ :SOURce<hw>] :BB:EUTRa:DL [ :SUBF<st0>] :ENCC:

PDCCh:EXTC:ITEM<ch0>:DCIConf:CIField on page 810

See "Carrier Indica-
tor Field (CIF)"
on page 194

"Localized/Distrib-
uted VRB Assign-
ment"

[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf :VRBA on page 823

"GAP Value"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf :GAP on page 813

"Channel Band-
width >= 50RBs",
"Distributed VBR
Assignment” and
"User = User x"

"Resource Block
Assignment"

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf :RBA on page 818

"Modulation and
Coding Scheme"

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:MCSR on page 814

"HARQ Process
Number"

[ : SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf :HPN on page 813

"New Data Indica-
tor"

[ :SOURce<hw>] :BB:EUTRa:DL [ :SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:NDI on page 815

"Redundancy Ver-
sion"

[ :SOURce<hw>] :BB:EUTRa:DL [ :SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:RV on page 818

"TPC Command for
PUCCH"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TPCC on page 821

"Downlink Assign-
ment Index"

[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:DLAindex
on page 812

TDD mode

"TPMI Information
for Precoding”

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TPMI on page 821

"PMI Confirmation
for Precoding"

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:PMI on page 816

DCI Format 1C
DCI format 1C is used for compact scheduling of one PDSCH codeword.
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EUTRA/LTE: DCI Format Configuration (FO/SF0/0) _ X

Bit Data
00000 0000 0000
DCI Format 1C

Gap Value ]
Resource Block Assignment

0
Modulation and Coding Scheme

0

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

The DCI Format 1C transmits the information listed in the following table.

Control Informa- SCPI command Dependencies

tion Field

GAP Value [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: [Channel
PDCCh:EXTC:ITEM<chO0>:DCIConf :GAP on page 813 Bandwidth >= 50

RBs]

Resource Block [ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:

Assignment PDCCh:EXTC: ITEM<ch0>:DCIConf:RBA on page 818

Modulation and [ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st(0>] :ENCC:

Coding Scheme PDCCh:EXTC:ITEM<ch0>:DCIConf:MCSR on page 814

DCI Format 1C for eIMTA
Option: R&S SMW-K113

To enable this parameter, select "DCI Table" > User > "User x elMTA".

EUTRA/LTE: DCI Format Configuration (FO/SF0/0) _ X

Bit Data
00000 0000 0000

DCI Format 1C

UL/DL Configuration
0000 0000...

If eIMTA is used, the DCI format 1C carries information about the UL/DL configuration
numbers. Each UL/DL configuration number consists of 3 bits and indicates one of the
configurations listed in Figure 2-5.

The UL/DL configuration is defined as a bit pattern. The bit pattern length is selected
so that the payload size of the DCI is equal to the payload size of the DCI format 1C,
when it used for compact scheduling. If the configured pattern is shorter than the
required, the remaining bits are filled with zeros.

DCI format 1C for eIMTA is supported in the common search space (Search Space)
and in the PCell.

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] : ENCC:PDCCh:EXTC:ITEM<chO>:
DCIConf:ULDLconf on page 822

DCI Format 1C for LAA
Option: R&S SMW-K119

To enable this parameter, select "DCI Table" > User > "CC-RNTI".

EUTRA/LTE: DCI Format Configuration (FO/SFO/0)

Bit Data 9
0 0000 0000 0000

DCI Format 1C

Subframe Configuration (LAA)

0

If LAA is used, the DCI format 1C carries information about the LAA subframe configu-

ration.

Table 4-11: Subframe configuration for LAA in current and next subframe [36.211]
Value of "Subframe configuration for LAA" field | Configuration of occupied OFDM symbols (cur-
in current subframe rent subframe, next subframe)
0000 (-,14)

0001 (-,12)
0010 -11)
0011 (-,10)
0100 (-9
0101 (-,6)
0110 (-3)
0111 (14.%)
1000 (12,7)
1001 (11,-)
1010 (10,-)
1011 9-)
1100 (6.-)
1101 (3.-)
1110 reserved
111 reserved

Where:

® (-, Y) means UE may assume the first Y symbols are occupied in next subframe
and other symbols in the next subframe are not occupied.
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® (X,-) means UE may assume the first X symbols are occupied in current subframe
and other symbols in the current subframe are not occupied.

® (X,*) means UE may assume the first X symbols are occupied in current subframe,
and at least the first OFDM symbol of the next subframe is not occupied.

DCI format 1C for LAA is supported in the common search space (Search Space) and
in the SCell.

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:PDCCh:EXTC:ITEM<chO>:
DCIConf:LAASubframe on page 781

DCI Format 1D
DCI format 1D is used for the compact scheduling of one PDSCH codeword with pre-
coding and power offset information.

EUTRA/LTE: DCI Format Configuration (FO/SF0/0) — X
Bit Data 9
0000 0000 0000 0000 0000 0000 0000
DCI Format 1D
Localized/Distributed VRB Assignment []
Resource Block Assignment
0
Modulation and Coding Scheme
0
HARQ Process Number
0
New Data Indicator []
Redundancy Version
0
TPC Command for PUCCH
0
TPMI Information for Precoding
0
Downlink Power Offset
isNot0 D

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

The DCI Format 1D transmits the information listed in the following table.

Control Informa- SCPI command Dependencies
tion Field
"Carrier Indicator [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: See "Carrier Indica-
Field (CIF)" PDCCh:EXTC: ITEM<chO>:DCIConf:CIField on page 810 | tor Field (CIF)"

on page 194
Localized/Distrib- [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC:
uted PDCCh:EXTC: ITEM<ch0>:DCIConf:VRBA on page 823
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Control Informa-

SCPI command

Dependencies

PDCCh:EXTC:ITEM<ch0>:DCIConf :GAP on page 813

tion Field

Resource Block [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:

Assignment PDCCh:EXTC: ITEM<ch0>:DCIConf:RBA on page 818

GAP Value [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC: "Channel Band-

width >= 50RBs",
"Distributed VBR
Assignment” and
"User = User x"

Modulation and
Coding Scheme

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:MCSR on page 814

HARQ Process
Number

[ : SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf :HPN on page 813

New Data Indicator

[ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:NDI on page 815

Redundancy Ver-
sion

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:RV on page 818

TPC Command for
PUCCH

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TPCC on page 821

Downlink Assign-
ment Index

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:DLAindex
on page 812

TDD mode

TPMI Information
for Precoding

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TPMI on page 821

Downlink Power
Offset

[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:DPOFfset
on page 813

DCI Format 2/2A/2B/2C/2D

The DCI formats are used in the following cases:

® DCI format 2: for PDSCH scheduling in a spatial multiplexing configuration

® DCI format 2A: for PDSCH scheduling in a spatial multiplexing configuration, but
without PMI feedback.

e DCI format 2B: in 2-, 4-Tx antenna configurations.

e DCI format 2C: in a multi-layer transmissions (Tx Mode 9).

® DCI format 2D: in a multi-layer transmissions (Tx Mode 10), using CoMP.

Since MIMO operation requires two codewords, the modulation and coding scheme,
new data indicator and the redundancy version are signaled separately for each of the
codewords. The spatial multiplexing also requires a transmission of precoding informa-

tion.

The transport block to codeword mapping is performed according to the 3GPP specifi-
cation: transport block 1 (TB1) is mapped to codeword 1/2 (CW1) and TB2 to code-

word 2/2 (CW2). The "Transport Block to Codeword Swap Flag" determines the map-
ping in case both transport blocks are enabled. If this swap flag is enabled, the TB1 is
mapped to CW2 and vice versa.
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EUTRA/LTE: DCI Format Configuration (FO/SF0/0) —_ X

Bit Data 9
000 0000 0000 0000 0010 0000 0000 0000 0000 0000 0000

DCI Format 2

Resource Allocation Header []

Resource Block Assignment

TPC Command for PUCCH

0
HARQ Process Number

0
Transport Block to Codeword Swap Flag D

Transport Block 1

Modulation and Coding Scheme

0
New Data Indicator []
Redundancy Version

0

Transport Block 2

Modulation and Coding Scheme

0

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

If the DCI format is used for validation of the semi-persistent scheduling (SPS) activa-
tion or release, some special DCI fields are predefined according to Tables 9.2 in TS
36.213. See also Chapter 4.3.7, "SPS configuration settings", on page 162.

The DCI format 2D is required for downlink transmission using TM10 as the DCI format
2C is used for the TM9. The DCI format 2D is also similar to the format 2C but it carries
additionally QCL (quasi-co-location) and rate matching information. The "PDSCH RE
Mapping and QCL Indicator” is a two bit field that indicates one of four sets of parame-
ters sets, as specified in the TS 36.211.

The DCI Format 2/2A/2B/2C/2D transmits the information listed in the following table.

Control Informa- SCPI command Dependencies
tion Field
Carrier Indicator [ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] : ENCC: See "Carrier Indica-
Field (CIF) PDCCh:EXTC:ITEM<chO0>:DCIConf:CIField on page 810 | tor Field (CIF)"
on page 194

Resource Alloca- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] : ENCC: "Channel Band-
tion Header PDCCh:EXTC: ITEM<ch0>:DCIConf :RAH on page 817 width > 10 RBs"
Resource Block [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC:
Assignment PDCCh:EXTC:ITEM<ch0>:DCIConf:RBA on page 818
TPC Command for | [:SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:
PUCCH PDCCh:EXTC:ITEM<ch0>:DCIConf:TPCC on page 821
Downlink Assign- [ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ENCC: TDD mode
ment Index PDCCh:EXTC:ITEM<ch0>:DCIConf:DLAindex

on page 812

User Manual 1175.6703.02 — 34 209



EUTRA/LTE/loT

EUTRAJ/LTE configuration and settings

DL frame configuration settings

Control Informa-
tion Field

SCPI command

Dependencies

HARQ Process
Number

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf : HPN on page 813

Ant. Port(s), Lay-
ers, SCID

[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:APLayer on page 809

DCI Format 2C/2D

Transport Block to
Codeword Swap
Flag

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:SWAPflag
on page 819

DCI Format 2/2A

Scrambling Identity

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:SID on page 820

DCI Format 2B

Precoding Informa-
tion

[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] : ENCC:
PDCCh:EXTC:ITEM<chO>:DCIConf:PRECinfo
on page 816

DCI Format 2/2A

SRS Request

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf : SRSRequest
on page 818

DCI Format 2B and
TDD mode

"Transport Block 1"

Modulation and
Coding Scheme

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TB1:MCS on page 819

New Data Indicator

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TB2:NDI on page 819

Redundancy Ver-
sion

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf:TB1:RV on page 820

"Transport Block 2"

Modulation and
Coding Scheme

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TB2:MCS on page 819

New Data Indicator

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st(0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:TB2:NDI on page 819

Redundancy Ver-
sion

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf:TB2:RV on page 820

PDSCH RE Map-
ping and QCL
(quasi-co-location)
Indicator

[ :SOURce<hw>] :BB:EUTRa:DL[: SUBF<st0>] :ENCC:
PDCCh:EXTC:ITEM<ch0>:DCIConf:PDRE on page 815

DCI Format 2D

HARQ-ACK
Resource Offset

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] : ENCC:
PDCCh:EXTC: ITEM<ch0>:DCIConf :HACK on page 814

If EPDCCH is used

DCI Format 3/3A

The DCI Format 3/3A is used for the transmission of TPC Commands for PUCCH and
PUSCH with 2-bit and a single bit power adjustment respectively.
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EUTRA/LTE: DCl Format Configuration (FO/SFO0/0) — X

Bit Data 9
000 0000 0000 0000 0000 0000 0000

DCI Format 3

TPC Command

0000000...

The "TPC Command" is set as a bit pattern.

The fields defined in the DCI format are mapped to the information bits according to
the 3GPP specification and the resulting Bit Data is displayed.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ENCC:PDCCh:EXTC:ITEM<chO>:
DCIConf:TPCinstr on page 821

4.4 Enhanced PBCH, PDSCH and PMCH settings

Access:

1. Select "General > Link Direction > Downlink (OFDMA)".

2. Select "Frame Configuration > Subframe > No of Used Allocations = 3".
3. Select "Allocation Table > Allocation#3 > Content Type".
4. Select one of the following "Content Type":

a) "PBCH"

b) "PDSCH"

c) "PMCH"

5. Select "Enhanced Settings > Config..."

In the "Enhanced Settings" dialog, you can define the precoding and the channel
coding settings for the DL channels PBCH and PDSCH. The settings are configu-
rable on a subframe basis.

Consider the following interdependencies:

® The "Precoding" settings are available for the first codeword and applied for both
codewords.

® The available "Precoding" settings depend on:
— The global MIMO configuration
— The content of the allocation
— The selected codeword
® For all allocations, where the "Data Source > User x":

— The following parameters are read-only: "Scrambling State", "UE ID" and
"Channel Coding State".

User Manual 1175.6703.02 — 34 211



EUTRAI/LTE/loT EUTRAI/LTE configuration and settings

Enhanced PBCH, PDSCH and PMCH settings

To configure these parameters, open the User configuration settings dialog for
the corresponding user.

— You can access the "Enhanced Settings" of one particular "User 1..4" form any
allocations belonging to this user.

4.41 Precoding settings

Access:
1. Select "General DL Configuration > Antenna Ports"
Select "Global MIMO Configuration > 2 TxAntennas"
Select "General > Frame Configuration > Subframe > No of Used Allocations = 3".

2
3
4. Select "Allocation Table > Allocation#3 > Content Type".
5. Select "Content Type > PDSCH"

6

Select "Enhanced Settings > Config..."

EUTRA/LTE: Enhanced Settings (FO/SFO/AL2.1)

il @ ¢4 1 scrambing| @ chamne C°d'"g

Precoding Scheme
Beamforming (UE-spec.RS)v
Transmission Scheme
Dual Layer (TxMode 8)v
o

Codewords
2
Number Of Layers 4
2
Antenna Ports 4
7-8
Scrambling Identity n_SCID
0
Antenna Port Mapping 9
Fixed Weights
Mapping Coordinates
Cartesian |

AP7 AP 8
Real |[Imag. Real Imag.

BB A ‘ -0.707-0.707 | -0.707;j0.707

Consider the following interdependencies:
e The "Precoding" settings are available for the first codeword and applied for
both codewords.
e The available "Precoding" settings depend on:
— The global MIMO configuration
— The content of the allocation
— The selected codeword
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Precoding SChEME.......o.uiiii e 213
TransSmMISSION SCHEME......co e e e e e e e e e eeeeas 213
L0700 151,10 o SRS 214
NUMDET Of LAYEIS. ... eiiiiie ettt ettt et e e e s sttt e e s st ee e e e s snteeeeessabaeeeeeaas 214
Scrambling Identity N_SCID.......uuuiiiiiiiei e 215
ANTENNA POIES.....eeeeeeee ettt e e e e e e e e e eee e 215
ANteNNa POrt Mapping. .. ... oo s e e e e e e e e e e e e e e e e eeeeeeeeaaeaaees 215
Use Alternative CodebOOKS. ... .cooiiiiiiiiie e 215
Codebook Index/Codebook INAEX 2...........uiiiiiiiiiieiee e 216
CyCliC Delay DIVEISItY.......eeeeie ittt ettt s e s e e e e e 216
1V E=T o] o] 1aTe I @ oo T4 [1aT=1 Y= SRR 216
1V =Y o o1 e TR =1 o 1= Y5 217

Precoding Scheme
Selects the precoding scheme.

Note: The available precoding schemes depend on Content Type and the MIMO Con-
figuration.

"None" Disables precoding.

"Spatial Multiplexing/Tx Diversity"
Precoding for spatial multiplexing or transmit diversity is performed
according to TS 36.211 and the selected parameters.

"Beamforming (UE-spec.RS)"
Sets the PDSCH to transmission mode selected with the parameter
Transmission Scheme.

"Antenna Port 4"
Option: R&S SMW-K84
Default precoding scheme for the PMCH transmitted in MBFSN sub-
frames.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:SCHeme on page 788

Transmission Scheme
Option: R&S SMW-K84/K85/K112

Determines the transmission scheme (see also Table 2-6).
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"Transmission Available for Global MIMO | Description

Scheme" Configuration

"Single Layer SISO+BF Option: R&S SMW-K84

(TxMode 7)" 2Tx/4Tx-Antennas Sets the PDSCH to transmission mode 7, as descri-

bed in TS 36.213, i.e. UE-specific RS (DM-RS) are
added to the PDSCH.

This special mode is defined for transmission using
antenna port 5.

Tip: To enable the instrument to generate a trans-
mission using antenna port 5 signal, select
"Global MIMO Configuration > SISO + BF"

Antenna port 5 transmission is also known as trans-
mission corresponding to the UE-specific reference
signal. It is defined in the TS 36.101, chapter 8.3.

"Dual layer SISO+BF Option: R&S SMW-K84

(TxMode 8) 2Tx/4Tx-Antennas Sets the PDSCH to transmission mode 8, as descri-
bed in TS 36.213, i.e. UE-specific RS are added to
the PDSCH.

In this mode, antenna ports 7 and 8 are used.

By default, the antenna ports 7 and 8 are mapped
on the first two basebands but this configuration can
be changed.

Tip: To enable the instrument to generate a trans-
mission using antenna port 7 and 8, set the param-
eter "Global MIMO Configuration" to "SISO + BF",
"2 Tx-antennas" or "4 Tx-antennas".

"Multi-layer SISO+BF Option: R&S SMW-K85
(TxMode 9)" i
2Tx/4Tx-Antennas Sets the PDSCH to transmission mode 9.
Depending on the used layers, antenna ports 7 to
14 are used.
"Multi-layer, CoMP SISO+BF Option: R&S SMW-K112
(TxMode 10)" 2Tx/4Tx-Antennas Sets the PDSCH to transmission mode 10, used for

multi-layer transmissions combined with CoMP
(coordinated multi-point operation).

Depending on the used layers, antenna ports 7 to
14 are used.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:TRSCheme on page 789

Codeword
Displays the number of the codeword and the total number of codewords used for the
selected allocation.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO0>:CODWords
on page 738

Number of Layers
Sets/displays the number of layers for the selected allocation.
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The number of available layers depends on selected Content Type and Precoding
Scheme

The combination of number of codewords and number of layers determines the layer
mapping for the selected precoding scheme, see also "Codewords and spatial layers"
on page 43.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:NOLayers on page 787

Scrambling ldentity n_SCID
Sets the scrambling identity according to TS 36.211.

This value is used for initialization of the sequence used for generation of the UE-spe-
cific reference signals.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:SCID on page 788

Antenna Ports
Option: R&S SMW-K84

Displays and configures the antenna ports for the selected Transmission Scheme.
See also "Mapping table" on page 225.

If one of the multi-layer modes is configured to use one codeword (i.e. one layer), the
mapping of the layer to the antenna ports (7 to 9) is configurable.

Tip: Use this setting to configure a dual-layer multi-user MIMO (MU-MIMO) scenario.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:AP on page 785

Antenna Port Mapping
Option: R&S SMW-K84/K85

Sets the way that the logical antenna ports are mapped to the physical TX antennas,
see Chapter 4.5, "DL antenna port mapping settings", on page 222.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:APM on page 785

Use Alternative Codebooks
Option: R&S SMW-K113)

This parameter applies the enhanced 4 Tx codebook and is enabled if the following

applies:

® Transmission Scheme > "Tx Mode 8/Tx Mode 9/Tx Mode 10" (dual- or multi-layer
transmission) and

® (Global MIMO Configuration = "4 TxAntennas"
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The enhanced 4 Tx codebook is part of the further downlink MIMO enhancements fea-
ture proposed in LTE-A Rel. 12; see "Further DL MIMO enhancements (enhanced 4Tx
codebook)" on page 55.

"Off" Applied is the normal codebook, as specified in TS 36.211.

"On" Applied is the enhanced 4Tx codebook, as specified in TS 36.213.
Tip: Toggle the parameter "Use Alternative Codebooks" and observe
the effect on the values in the Mapping table.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:CELL<ccidx>] [:SUBF<st(0>] :ALLoc<chO0>:
PUSCh:PRECoding:CBUA on page 786

Codebook Index/Codebook Index 2

Enabled if:

® Precoding Scheme > "TX Diversity or Spatial Multiplexing"

e "Codeword = 1/2"

® "Antenna Port Mapping > Codebook"

® "User Specific Antenna Port Mapping" > Constant Codebook Index > "Off"
If "Constant Codebook Index > On", the "Codebook Index/Codebook Index 2" is set
automatically to the values set in the "User Specific Antenna Port Mapping" dialog.

Sets the codebook index for the selected allocation and selects the predefined pre-
coder matrix.

The number of available codebook indices depends on the number of antenna ports
with mapped user-specific reference symbols, the number of layers and number of Tx
antennas per component carrier.

Figure 2-23 shows the range of the codebook index for downlink spatial multiplexing
for LTE Rel. 8/9. The LTE Rel. 10 (R&S SMW-K85) defines up to eight layers and uses
the same principles.

The combination of codebook index and the selected Number of Layers determines the
pre-coding matrix used for precoding.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:CBINdex [<dir>] on page 786

Cyclic Delay Diversity
(Enabled for Precoding Scheme set to TX Diversity or Spatial Multiplexing and code-
word 1/2 only)

Sets the CDD for the selected allocation.

The combination of cyclic delay diversity and the selected Number of Layers deter-
mines the precoding parameters for spatial multiplexing.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:CDD on page 787

Mapping Coordinates
Switches between the "Cartesian" and "Cylindrical" coordinates representation.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PRECoding:DAFormat on page 787

Mapping Table
Option: R&S SMW-K84

Defines the mapping of the antenna ports (AP) to the physical antennas, see "Mapping
table" on page 228.

CSI-RS settings

Access:

» Select "Enhanced Settings > CSI-RS".

EUTRA/LTE A: Enhanced Settings (FO/SFO/ALD)

Awareness

In this dialog, the CSI awareness can be enabled/disabled.

CSI| Awareness
Determines the way the PDSCH is processed.

"On" During the channel coding, the resource elements configured for the
CSI-RS transmission are explicitly avoided and the PDSCH is map-
ped only on the available physical bits.

"Off" The channel coding is performed as if the CSI-RS is not transmitted.
The PDSCH mapping is not modified to avoid the resource elements
on that the CSI-RS can be transmitted.

The modulation symbols necessary for the transmission of the CSI-
RS are subsequently substituted by the CSI-RS information; the CSI-
RS are transmitted instead of the PDSCH symbols.

This process leads to increased bit error rate, but an UE receiving
this PDSCH can still decode the information correctly.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL [ :SUBF<st0>] :ALLoc<ch0>:CAW on page 783

Scrambling settings

Access:

» Select "Enhanced Settings > Scrambling”.

EUTRA/LTE: Enhanced Settings (FO/SF0/AL2)
P di

State

UE ID/n_RNTI

This dialog comprises the settings needed for configuring the scrambling:

State SCrambling (DL)......oicuueeei ettt e s e e e ee e 218
UE ID/N_RNTI (PDSCH).ccci ittt st 218

State Scrambling (DL)
Enables/disables the bit-level scrambling.

If a "User x" is selected as Data Source in the allocation table for the corresponding
allocation, the "State Scrambling" is read only. Its value is displayed as set in the User
configuration settings dialog for the corresponding user.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:
SCRambling:STATe on page 789

UE ID/n_RNTI (PDSCH)
Sets the user equipment identifier (n_RNTI) of the user to which the PDSCH transmis-
sion is intended. The UE ID is used to calculate the scrambling sequence.

If a "User x" is selected as Data Source in the allocation table for the corresponding
allocation, the "UE ID" is read only. Its value is displayed as set in the User configura-
tion settings dialog for the corresponding user.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
SCRambling:UEID on page 789

User Manual 1175.6703.02 — 34




EUTRAI/LTE/loT EUTRAI/LTE configuration and settings

Enhanced PBCH, PDSCH and PMCH settings

4.4.4 Channel coding settings

Access:

> Select "Enhanced Settings > Channel Coding".

PBCH channel coding settings PDSCH channel coding settings
EUTRA/LTE A: Enhanced Settings (FO/SFO/ALO) — X EUTRA/LTE: Enhanced Settings (FO/SFO0/ALZ) — X
= S
) o
\ State
Type 9 Number Of Physical Bits 9 = S 2
CONV 1/3 1920/4 Frames, 480/1 Frame Type et B e 1
Transport Block Size/Payload Tc13 21660
24 Transport Block Size/Payload
1500
SFN Offset
MIB (including SFN) 0 Redundancy Version Index
SFN Restart Period MIB Spare Bits 0
Sequence Length 00 0000 0000 IR Soft Buffer Size
3667 200

This dialog comprises the settings needed for configuring the channel coding. The
settings vary according to the selected "Content Type"

State Channel CodiNg (DL)....cccciii i i r e e e e e e e e e e e e e e e e e e e e e 219
Type Channel CodiNg (DL).....cooviiiiieeieiiieiccces s e e e e e e e e e e e e e ees 220
Number of PhySical BitS (DL).......icuueiiiiiiiiieie ittt 220
1] S (T a T[T T T TS AN TSR 220
T N 5 SRR 220
ST N =T = o B =Y T Yo S 221
L] RS o X T = =1 £ SRR 221
Transport Block Size/Payload (DL).........cooeiiiiiiiieeeeeeeeccress e e e e e e e e e e e e ee e eeeeeeeens 221
Redundancy Version INdex (PDSCH)........cooo i eeeeeeeeeanenens 221
IR Soft Buffer Size (PDSCH).........uiiiiiiiiiee et e e stee e e sseee e e e s sraaee e s snnneeeeesennes 221

State Channel Coding (DL)
Enables/disables channel coding for the selected allocation and codeword.

For any allocation with Data Source > "User x", the "Channel Coding State" is read
only. The value is set in the User configuration settings dialog for the corresponding
user.

A PBCH can be generated in one of the following modes:
® Without channel coding, i.e. this parameter is disabled.
Dummy data or user-defined data lists are used.
® Channel coding with arbitrary transport block content
Channel coding is activated and parameter MIB (including SFN) is disabled.
® Channel coding with real data (MIB) including SFN
Channel coding and MIB are activated.

For the PBCH allocation with activated channel coding, one block of data (transport
block size TBS of 24) is coded jointly and then spread over four frames. Set the ARB
sequence length to a value that is a multiple of four.
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
CCODing:STATe on page 784

Type Channel Coding (DL)
Displays the used channel coding scheme and channel coding rate.

PBCH uses always tail biting convolution coding with code rate 1/3; PDSCH uses
always turbo code with code rate 1/3.

Remote command:
n.a.

Number of Physical Bits (DL)

Displays the size of the selected allocation in bits and considering the subcarriers that
are used for other signals or channels with higher priority (see Chapter A, "Conflict
handling", on page 1099).

For Data Source > "User x", the value of the parameter "Number of Physical Bits" is

the sum of the "Physical Bits" of all allocations of the same user in the selected sub-
frame.

The size of the PBCH allocation is fixed to 1920/4 Frames, 480/1 Frame.

Remote command:

[ :SOURce<hw>] :BB:EUTRa:DL [ : SUBF<st0>] :ALLoc<chO>[:CW<user>]:
PHYSbits? on page 741

[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :USER<ch>:PHYSbits?

on page 744

MIB (including SFN)
(for PBCH only)

Enables transmission of real MIB (master information block) data, calculated according
to the values of the following "General DL Settings" parameters:

® Channel Bandwidth

® PHICH Duration

e PHICHN g

The SFN (system frame number) is included as well.

If this parameter is enabled, the "Transport Block Size" is fixed to 24 and the Data
Source for the PBCH allocation is set to "MIB".

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:PBCH:MIB on page 782

SFN Offset
(for PBCH only)

By default, the counting of the SFN (system frame number) starts with 0. Use this
parameter to set a different start SFN value.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL: PBCH: SOFFset on page 782
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SFN Restart Period
Option: R&S SMW-K84

Determines the time span after which the SFN (system frame number) restarts.

"Sequence Length"
The SFN restart period is equal to the ARB sequence length.

"3GPP (1024 Frames)"
The PBCH including SFN is calculated independently from the other
channels. The SFN restarts after 1024 frames and the generation
process is fully 3GPP compliant, but the calculation can take long
time.
Tip: Use the "3GPP (1024 Frames)" mode only if 3GPP compliant
SFN period is required.
This mode is disabled if a baseband generates more than one carrier.
Depending on the configured "System Configuration > Mode >
Advanced", this parameter is not available in all baseband blocks.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL:PBCH: SRPeriod on page 782

MIB Spare Bits
Sets the 10 spare bits in the PBCH transmission.

Remote command:
[ : SOURce<hw>] :BB:EUTRa:DL: PBCH:MSPare on page 783

Transport Block Size/Payload (DL)
Defines the size of the transport block/payload in bits.

® One transport block is generated and spread over all allocations. If "Data Source =
User x", the parameters "Transport Block Size", "Redundancy Version Index" and
"IR Soft Buffer Size" are related to all allocations of the same user in the subframe.

® |n case a spatial multiplexing with two codewords is configured, individual transport
blocks for the two code blocks are generated.

® For PBCH allocations with enabled parameter MIB (including SFN), the transport
block size is fixed to 24.
Set the transport block size to 24 if a generation compliant to the 3GPP specifica-
tions is required.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[ :SUBF<st0>] :ALLoc<chO>[:CW<user>]:
CCODing:TBSize on page 784

Redundancy Version Index (PDSCH)
Sets the redundancy version index.

Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
CCODing:RVINdex on page 784

IR Soft Buffer Size (PDSCH)

Sets the size of the IR soft buffer for the selected transport block (N_IR from TS
36.212).
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Remote command:
[ :SOURce<hw>] :BB:EUTRa:DL[:SUBF<st0>] :ALLoc<chO>[:CW<user>]:
CCODing:ISBSize on page 783

4.5 DL antenna port mapping settings

The 3GPP standard defines the different antenna ports for transmission in different
transmission modes (TM, also "TxMode") and for the transmission of different refer-
ence signals. See Table 2-6 and Chapter 2.2.1.5, "Downlink reference signal structure
and cell search”, on page 27.

The settings necessary to configure the reference signals and to enable the transmis-
sion modes are distributed among different dialogs, depending on their type (cell-spe-
cific, user-specific, etc.). The related antenna port mapping settings are distributed in

these dialogs, too.

To set the cell-specific antenna port mapping settings

1. Select "General > Link Direction > Downlink (OFDMA)".

2. Select "General DL Settings > Antenna Ports".

The provided settings depend on the selected "System Configuration > Fading and

Baseband Configuration > Mode" and the enabled LxMxN MIMO scenario, i.e. the
number of enabled "Entities", "Basebands" and "Streams".

For details, see R&S SMW User Manual.
See Table 4-4. Compare the displayed settings for the same 4x4 MIMO configuration.
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Table 4-12: Antenna ports settings depending on the enabled MxN MIMO configuration and System
Configuration > Fading/Baseband Configuration > BB Source Config mode

Mode "System Configuration > Fading/Baseband Configuration > 1x4x4"
"Separate”
Schedullng Physical Antenna Ports
I MBSFN 4TxAnlennas I
Global MIMO Configuration Simulated Antenna
4 TxAntennas Antenna 2

Cell-specific Antenna Port Mapping
Mapping Coordinates

Cartesian |

0 1.000+j0.000 | 1.000+j0.000 | 1.000+j0.000

"Coupled"
Schedullng Physical Antenna Ports
- I M Bs FN - 4 TXAnlennas .

Global MIMO Configuration
4 TxAntennas
Cell-specific Antenna Port Mapping

Mapping Coordinates

Cartesian
PCell o 1.000+j0.000 | 1.000+j0.000 | 1.000+j0.000
PCell 0 0.000+j0.000 | 0.000+j0.000 | 0.000+j0.000
Pcell 0 0.000+j0.000 | 0.000+j0.000 | 0.000+j0.000
pcell 0 0.000+j0.000 | 0.000+j0.000 | 0.000+j0.000

To set the user-specific antenna port settings

» Select "Frame Configuration > General > User > Antenna Mapping > Config".

EUTRA/LTE: Antenna Port Mapping (User 1) —_ X

Antenna Port Mapping
Codebook

Codebook Index

Constant Index 0

User Specific Antenna Port Mapping

Mapping Coordinates
Cylindrical

S

1 Layer

The available antenna ports and layers depend on the number of antennas and the
transmission mode the UE is working in ("Frame Configuration > General > User >
Tx Mode")
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To configure the PDSCH belonging to a particular user
1. Select "Frame Configuration > General > User > User 1 > Tx Mode > e.g. Mode 9".

2. Select "Frame Configuration > Subframe > Subframe Selection#0 > No. of Used
Allocation = 3".

3. Select "Frame Configuration > Subframe > Allocation Table > All#2 > Data Source
> UE1".

4. Select "Frame Configuration > Subframe > Allocation Table > All#2 > Enh. PDSCH
Settings > Precoding".

[~}

Precoding Scheme
Beamforming (UE-spec.RS)
Transmission Scheme @

Multi Layer (TxMode 9)
Codewords

Number Of Layers

Antenna Ports

7-10
Antenna Port Mapping @
Fixed Weights
Mapping Coordinates
Cartesian |

AP7 AP 8 AP9 AP 10
Real Imag. Real |Imag. |Real Imag. Real |Imag.

BBA‘ 1.000+j0.000 = 0.000+j0.000  0.000+j0.000  0.000+j0.000

Refer to Chapter 4.4.1, "Precoding settings", on page 212 for description of the
provided settings.

The dialogs shown in "To set the cell-specific antenna port mapping settings"

on page 222, "To set the user-specific antenna port settings" on page 223 and "To con-
figure the PDSCH belonging to a particular user" on page 224 comprise the settings
necessary to configure the mapping of the logical antenna ports to the physical TX
antennas (Basebands). The number of physical antennas is set with the parameter
"General DL Settings" > Global MIMO Configuration.

The dialogs consist of two parts, a mapping table and a selection about the way the
antenna mapping is performed. The yell