LTE Downlink MIMO
Verification

with R&S®SMW200A and R&S®FSW
Application Note

Products:

| R&S®SMW200A | R&S®FSW
|  R&S®SMU200A | R&S®FSQ
| R&S®SMATE200A | R&S®FSV
| R&S®AMU200A | R&S®RTO

Multiple Input Multiple Output (MIMO) is
an integral part of LTE. Rohde & Schwarz
vector signal generators and signal &
spectrum analyzers support LTE tests with
up to 4 antenna paths.

This Application Note mainly covers 2x2
MIMO in the LTE downlink. Simplicity of
programming for remote controlled tests is
demonstrated by example scripts used
with R&S®, a free-of-charge scripting tool.
One of these tests demonstrates a 4x4
MIMO LTE downlink scenario by using the
R&S® RTO Oscilloscope.

Application Note

Bernhard Schulz / Rainer Wagner

September 2014-1MA143_2e




Introduction

Downlink Physical Structure

Table of Contents

1 INEFOAUCTION Lo 4
2 LTE DOWwNlink MIMO ........uuiiiiiiiiiiiiieeeee e 4
2.1 Downlink Physical StrUCTUIE........uuviiiiie i e e 4
2.2 Spatial Multiplexing with TWo ANtENNAS.......ccccceeeeeein e 5
2.3 TX Diversity With TWO ANTENNAS ......ovviiiiiieiee e 8
3 Base station Transmitter MIMO TeStS ..., 9
3.1 Instruments and teSt SELUP ..ovvvvvviviiiiiieeecee 9
3.2 Manual Settings for the LTE Analysis SW, OVerview .........cccccceeviieeeenne 10
3.3 Remote Control EXampPles. ... 21
3.31 TeSES With 0N FSX .vviiiiiiiiiiiiii e 21
3.3.2 TESES WIth TWO FSX eviiiiiiiiiiei i 22
3.3.3 Tests With RTO (4X4 MIMO) .....ooiiiiiiieee e 23
3.34 Time AlIgNMENt ErrOr......coooeiiiiiiee e 23
4 UE RECEIVETN TEST..oiiiiiiiiiiiiiiiiie ettt 25
4.1 TS SEIUP .ccciiiieiee e 25
4.2 Manual settings for LTE MIMO with 2 Antennas, Overview................... 25
4.3 Remote Control EXample......ccooviiiiiiiiii 37
F Y o] =T o o [ PP 38
4.4 DEMO-SEIUP ...ttt e e 38
4.5 Minimum SMW, SGS and RTO Configuration ........cccccccevevvviiiviniiininnnnnnn. 42
4.6 Remote Control Examples (Program R&S®Forum) ................................. 43
4.7 REFEIEINCES .ot 46
4.8 Additional INfOrmMation ..........cccviiiiiiiee e 47
4.9 Ordering INFOrmMation .........ooouiiiiiii e a7

1MA143 2e

Rohde & Schwarz LTE Downlink MIMO Verification 2



Introduction

Downlink Physical Structure

The following abbreviations are used in this Application Note for Rohde & Schwarz test
equipment;

The R&S®SMW200A vector signal generator is referred to as the SMW.
The R&S®SMATE200A vector signal generator is referred to as the SMATE.
The R&S®SMU200A vector signal generator is referred to as the SMU.
The R&S®AMU200A baseband signal generator and fading simulator is
referred to as the AMU.

The R&S®FSW signal analyzer is referred to as the FSW.

The R&S®FSQ signal analyzer is referred to as the FSQ.

The R&S®FSV spectrum analyzer is referred to as the FSV.

The R&S®RTO digital oscilloscope is referred to RTO.

SMW, SMATE and SMU are referred to as SMx.

FSW, FSQ and FSV are referred to as FSx.

1MA143 2e
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Introduction

Downlink Physical Structure

1 Introduction

Advanced radio communications standards, such as WLAN, WiMAX™  HSPA+, and
LTE, must be able to handle the demand for faster data transmission. One way to
achieve higher data rates is to use multiple antenna systems. Antenna configurations
with two or more antennas are called Multiple Input Multiple Output (MIMO). Most
important terms Spatial Multiplexing and TX Diversity are described in detail in [7].

LTE as of Release 8 supports MIMO with up to four antennas. The Rohde & Schwarz
solutions not only permit LTE signals to be generated with up to four antenna paths
(pre-coding and realtime MIMO fading), but also allow analysis and demodulation.

This Application Note describes the physical downlink structure of MIMO in LTE with
two antennas. A small, free-of-charge test sequencer software named "R&S®FORUM"
is included to show the necessary remote control commands and to run all LTE tests
for demonstration and evaluation. It also shows the most important LTE MIMO settings
for manual operation.

2 LTE Downlink MIMO

This section gives a short overview of the LTE downlink structure.

2.1 Downlink Physical Structure

Figure 1 shows the basic block diagram for the downlink as defined by 3GPP
specification [1].

Code Layers Antenna
words ; Resource 7 ports
3 Modulation =l . 25 o | OFDMA signal
——»| Scrambling P > > > ?\Z‘;:;‘r‘ 1 generation [ ™
Layer Precoding
inu ) Resource
‘ Modulation = i - o | OFDMA signal
—»{ Scrambling o > ﬁ'\‘:;;‘: »1 generaton [ ™

Figure 1: Downlink physical structure

One or two code words (or streams) are scrambled and modulated (QPSK, 16QAM or
64QAM) and then mapped on up to four layers. The pre-coding maps the layers to the
antennas (up to four) and is known on the receiver side as well.

This section concentrates on the steps from the code words to the layers (layer
mapping) and from the layers to the antennas (pre-coding).

In the simple case of one antenna (SISO), there is only one code word and only one
layer. All symbols are forwarded to the antenna 1:1.
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LTE Downlink MIMO

Spatial Multiplexing with Two Antennas

The following scenarios apply to two transmit antennas, with a distinction being made
between spatial multiplexing and TX diversity.

2.2 Spatial Multiplexing with Two Antennas

Figure 2 shows the typically spatial multiplexing antenna setup for two antennas.

Figure 2: 2x2 MIMO

Layer mapping

The block modulation mapper assigns a modulation to every code word; in other
words, all of the symbols associated with a code word are modulated the same. For
two layers, all of the symbols from the first code word are mapped to layer 0 and all of
the symbols from the second code word are mapped to Layer 1.

Pre-coding

The layers (symbols) are multiplied by a predefined matrix based on the codebook
index provided in Table 1 and then distributed to the individual resource blocks
(OFDMA signals) and thus to the antennas.

Spatial multiplexing LTE

Codebook Number of layers
index
1 2
0 1H 1{1 o}
V2|1 V210 1
q 1)1 1/1 1
V2 -1 2]1 -1
1H 1[1 1}
2 - . =l . .
21 2] -]
o
J2[-]

Table 1: Codebook for spatial multiplexing with two antennas
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LTE Downlink MIMO
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Spatial Multiplexing with Two Antennas

Examples

Figure 3 shows a simple configuration with one code word, one layer, and two
antennas. The individual symbols of the code word are mapped directly to the
individual layer: The pre-coding distributes the symbols 1:1 to the antenna paths; i.e.,
both antennas transmit the same signal. One FSx is sufficient for demodulation, and
the two antennas can be measured sequentially.

Precoding
Layer 1 H Res.
mapping el map.
V2|1

1
-

f

Antenna 1

Antenna 2

Figure 3: Pre-coding one CW, one layer, index 0

Figure 4 shows two (differently) modulated code words, (1) QPSK and (2) 16QAM. The
code words are mapped directly to the two layers. The pre-coding based on codebook

index O distributes the layers directly to the antennas; i.e., antenna 1 transmits the user
data with QPSK modulation in the PDSCH, while antenna 2 is modulated with 16QAM.

One FSx is also sufficient for demodulation in this case because the two layers are not
mixed.

Precoding
—_ L1 0 Ree
—— V210 1 :
QPSK i QPSK : A

QPSK

| :> | :> -
16QAM | 16QAM ; "

b (1)

. f
b (0) > L2 b (1) b (0) b(1) b (0) b (1) Antenna 2

b (0) | 16QAM

Lt

Figure 4: Pre-coding two CWs, two layers, index 0
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LTE Downlink MIMO

Spatial Multiplexing with Two Antennas

Figure 5 shows two (differently) modulated code words, (1) QPSK and (2) 16QAM. The
code words are mapped directly to the two layers. The pre-coding based on codebook
index 1 distributes the mixed layers to the antennas, and the antennas transmit a
mixed modulation. Two FSx units are required to demodulate the signal because the
two layers are mixed by the pre-coding.

Layer
mapping

QPSK

T

v AR
TV

t «— t

16QAM ;
- 3 R
b (1) b(0) L2
| .2 t
-—

Precoding

11 1
2|11 -1

QPSK
< | t
—N
K
16QAM —/
b (1) | b (0)
 —— t

Figure 5: Pre-coding two CWs, two layers, index 1

Cyclic delay diversity (CDD)
Cyclic Delay Diversity (CDD) mode is also provided for spatial multiplexing. In this
case, multiplication with matrices D(i) and U is carried out in addition to pre-coding
matrix W as per Table 2.

Res.
map.
£
Antenna 1
Mix
—h
—t’ =it
A
f
Antenna 2
Mix

L t

Number of U D(i)
layers v
1 ] ]
11 1 1 0
2 E 1 e-i2nf2 0 ei2d2

Table 2: CDD pre-coding with two antennas

The additional multiplication mixes the two layers, and the second layer is additionally
phase-rotated. With this shifting additional multi-path is added on the channel.
Because the two layers are mixed, two FSx units are required for demodulation.
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LTE Downlink MIMO

TX Diversity with Two Antennas

2.3 TX Diversity with Two Antennas

Figure 6 shows the typically antenna setup for two TX Diversity antennas.

Y :T
1 1

MISO

Figure 6: TX Diversity

Layer mapping and Pre-coding

In the case of TX diversity with two antennas, one code word is mapped to two layers.
The pre-coding multiplies the two layers. As a result, antenna 1 transmits the ‘original’
code word and antenna 2 transmits the same data, but with complex conjugate
symbols (Figure 7).

Example

Layer Pre- Res.
mapping coding map. f

Antenna 1

Antenna 2

Figure 7: TX diversity with one CW, two layers

One FSx is also sufficient for demodulation in this case because the two layers are not
mixed.
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Base station Transmitter MIMO Tests

Instruments and test setup

3 Base station Transmitter MIMO Tests

In this section the usage of the Rohde & Schwarz analyzers for MIMO tests on the
base station transmitter (Tx) is shown. The most important settings in manual control
are shown and remote control examples are provided.

LTE Base stations can use four antennas in the downlink (release 8), four FSx can be
used to measure simultaneously. In this Application Note up to two antennas are
covered (two FSXx).

The number of FSx needed for the demodulation of the signals depends on the
number of layers and the codebook index which is used. Table 3 shows again the pre-
coding matrices for 2 antennas. All matrices used with only one layer need only on FSx
(marked in green). The yellow marked indices need two FSx (indices 1 and 2 for two
layers). The blue index (index O for two layers) needs one FSx when CDD is disabled,
two FSx when CDD is enabled.

Spatial multiplexing LTE

Codebook Number of layers v
index

Table 3: LTE codebook index. One FSx, two FSx units required.

3.1 Instruments and test setup

Testing requires a signal/spectrum analyzer (FSW, FSQ or FSV) with the following
software options:

e FS-K100 (LTE Downlink FDD)
e FS-K102 (LTE MIMO)
e FS-K104 (LTE Downlink TDD)

Please note that for tests with two units FSx, the PC version of the LTE software has to
be used:

FS-K100PC (LTE Downlink FDD)
FS-K102PC (LTE MIMO)
FS-K104PC (LTE Downlink TDD)

1MA143 2e
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Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

X1

BTS

(DUT) BE

TX2

—“eeaa +0 111 © ¢ &

Figure 8: General test setup for base station tests. For two transmit antennas up to two Analysers are
required.

For demonstration purpose the remote control examples provided with this application
note also allow to replace the BTS DUT by a signal generator. The demo setup is
shown in Figure 50 in the appendix.

3.2 Manual Settings for the LTE Analysis SW, Overview

This part shows the most important parameters of the LTE Analysis SW for MIMO in
manual control. Basic knowledge about LTE and the general usage of the analyzers
are required.

In the main window of the Analysis Software you can find two buttons for configuration:
e general settings (Figure 9 button “1”)
e demodulation settings (Figure 9 button “2”).

STATIS
BEAN g

Figure 9: LTE Analysis Software - Main window

1MA143_2e Rohde & Schwarz LTE Downlink MIMO Verification 10



Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

General settings

Click on the button General settings to configure basic parameters. Make sure that

the folder General is active.

In the section Signal Characteristics (Figure 10) you can select between FDD and
TDD mode via the field Duplexing. To measure the MIMO TX part of a base station,

select Downlink via the Link Direction.

General Settings & @
[General || Analyzer Config/MIMO Setup | Tnmer| Spectrum | Advanced |
Signal Characteristics Result Settings
Standard EVM Unt ]'/. v]
Duplesing FDD v Bt Stream Foemat Symbols v
Link Direction Downiirk 'l Camier Axes Herz -
Py M Tom )
Input y
Source RF -
Level Settings nput Charoel 1 ¥|  Time Alignment Measurement Settings
Auto Level
Ed. At
Data C S Number of Frames L 50
Capture Time 20.10ms o o -
Overall Frame Court 7 Comer Ao s
Auto Acc. to Standard 2 1910t
Max. Num. of Subframes
per Frame to Analyze ~ALL~ -

Figure 10: General Settings - Signal characteristics

Trigger Settings

To measure two or more antennas in parallel, all used analyzers must sample at the

same time. Therefore set the Trigger Mode to External (Figure 11).

General Settings

=

General | Analyzer Config/MIMO Setup  Trigger | Spectrum | Advanced |
Trigger Settings Im
Trigger Mode Im
Trigger Uffset | Os
Trigger Slope Im
Ext Trigger Level IW
Trigger Port Im

Figure 11: Trigger Settings: An external trigger is necessary to sample on more analyzers at the

same time

1MA143 2e

Rohde & Schwarz LTE Downlink MIMO Verification 11



Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

Demodulation Settings
Click on the button Demodulation settings to configure basic parameters. Make sure
that the folder Downlink Signal Characteristics is active.

In the section MIMO Configuration (Figure 12) set the number of used antennas (in
this Application Note 2 two antennas are covered).

Demodulation Settings H @

Downlink Demodulation Settings  Downlink Signal Characteristics | Downlink Advanced Signal Charactenistics | MBSFN Settings ]
Physical Settings

Channel Bandwidth 10 MHz (50 RB) | Sampling Rate 15.36 MHz Occupied BW 5.015 MHz
Cyclic Prefic Auto | FFT Size 1024 Occupied Camiers 601
Physical Layer Cell ldentity

Puto v 0 0 0

MIMO Cenfiguration
DUT MIMO Corfiguration 2 Tx Artennas v

T Antenna Selection

PDSCH Subframe Configuration
i Al
Configurable Subframes | 1 ID/ | Code VRE | Number | Offset | Rho A
Modulati
Selected Subframe 0 - N_RNTI | Word Gap | of RE RB |[Power)/dB

0 13 0 0

Used Allocations 1 o _ L QFsK

Figure 12: Downlink Signal Characteristics

Under Antenna Selection you can select how to measure the antennas. Antenna 1/2
selects a single antenna. Select “Antenna 1 “ or “Antenna 2” for a setup with one FSx.
Select All to test two antennas simultaneously using two FSx units. If All is used both
antennas are measured at the same time. You can switch between the results of the
antennas by changing the Antenna Selection in the section Result Settings in the
window General Settings (

Figure 13).
General Settings &l &

General |Analyzer Config/MIMO Setup | Trigger | Spectrum | Advanced |

Signal Characteristics Result Settings
Standard EVM Unit % &
Duplexing FDD v Bt Stream Format Symbols v
Link Direction ,m Carmier Axes Hertz v
Frequency [—16Hz Subframe Selection ~ALL- v

Input | 1P 0.5 7kd

Figure 13: Antenna Selection

PDSCH

In the section PDSCH Subframe Configuration (Figure 14) you can set the number of
Configurable subframes (1 in the example) and for each subframe the individual
allocations. Click at the button in column Enhanced Settings (see Figure 14) to open
the Enhanced Settings of a allocation.

1MA143 2e
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Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

Demodulation Settings E @
Downlink Demodulation Settings  Downlink Signal Characteristics | Downlink Advanced Signal Characteristics ] MEBESFN Settings ]
Physical Settings
Channel Bandwidth 10 MHz (50 RB) | Sampling Rate 15.36 MHz Occupied BW 5015 MHz
Cyclic Prefix Auto w | FFT Size 1024 OQOccupied Camiers 601
Physical Layer Cell Identity
o [ o % 3
MIMO Configuration
DUT MIMO Corfiguration 2 Tw Artennas = | TX Antenna Selection  |Al -
PDSCH Subframe Configuration
Configurable Subframes 1 ID/ | Code ) Enhanced VRB | Mumber | Offset Fhao A
N_RNTI| Word | Modulation Settings Gap | ofRE | RB |[Power/dB
Selected Subframe 0 - J
- 0
Used Allocations 1 ' 0 1 L _ 6 0 0

Figure 14: PDSCH Subframe Configuration window and Enhanced Settings frame

In the Enhanced Settings window (Figure 15) select the pre-coding (example: Spatial
Multiplexing), the codeword to layer mapping (example 2/2) and the used codebook

index (example 1).

Enhanced Settings

=

Precoding |Spa’[ia| Multiplesdng ﬂ
Codeword-to-1 ayer Mapping
Layers/Codewords

171 € 21 O )
272 v - - |§ i

S

Beamforming Settings
Scrambling ldentity n_SCID C D

Single Layer Antenna Port R

Spatial Multiplexing Settings

Codebook Index
o ¢ 2 i { { {
{ { { { { {

Cyclic Delay Diversity (COD) [

Camier Aggregation

(

{ {
" "
" "

PDSCH Start Offset | Common |

Figure 15: Setup for allocation 1
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Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

With the above settings two layers will be used in the allocation part (Figure 16). Set
the remaining parameters like Modulation, Number of RB and Offset RB according to
the signal to be measured.

PDSCH Subframe Configuration

Configurable Subframes 1 ID/ | Code ) Enhanced VRB | Mumber | Offset Fho A
N_RNTI| Word | Modulation Seftings Gap | ofRB | RB |[Power\dB

Selected Subframe 0 - J

Used Allocations ’71 b _ L2 crEd S U E U i

22 |150AM ~| SMUX...

Figure 16: PDSCH Subframe Configuration in the example Spatial Multiplexing with 2 Codewords /
Layers is used

In the folder Downlink Demodulation Settings (Figure 17) disable the Auto PDSCH
Demodulation checkbox if not done yet and also set the Detection to Off.

Demodulation Settings E @

Downlink Demodulation Settings l Downlink Signal Characteristics | Downlink Advanced Signal Characteristics | MBSFN Settings |
Demodulation
Auto PDSCH Demodulation |

PDSCH Subframe
Configuration Detection |Oﬁ ﬂ

Figure 17: Demodulation Settings, Downlink Demodulation Settings

Measurements
After setting the parameters you can start a measurement. Using FSx (and Analysis
Software) you can make following measurements:

e Numeric demodulation measurements, such as error vector magnitude (EVM)
e Graphical output of demodulation measurements (both antenna 1 and antenna 2)
— EVMvs. carrier
— EVM vs. symbol
— EVM vs. subframe
Frequency error vs. subframe
e Spectrum measurements
—  Spectrum mask
- ACP
— Power spectrum
— Channel flatness
e Constellation diagram
e Bitstream

Besides the measurements on every antenna like EVM or spectrum, for MIMO
measurements the constellation diagram and the allocation overview are useful,
because here the different layers and the pre-coding influences the results.

1MA143_2e Rohde & Schwarz LTE Downlink MIMO Verification 14



Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

Constellation diagram (Constell button)

Constellation diagram is a graphical representation of a signal in the complex (IQ)
plane.

It can be shown direct on the individual antennas (Before MIMO/CDMA decoder

(antenna)), where the different layers are possibly mixed depending on the pre-coding.
It also shows the decoded signal of all MIMO layers (After MIMO/CDMA decoder).

hefore after

YAnt. 1

Y Ant. 2

h 4

\ 4

Figure 18: MIMO decoder: possible mixed layers can be decoded

Figure 19 shows an example constellation diagram before decoding with the following
channels:

— Primary synchronization signal P-SYNCH (CAZAC)

— Secondary synchronization signal S-SYNCH (RBPSK)

- PBCH (QPSK)

-~  PDSCH 0 (MIXTURE)

1MA143_2e Rohde & Schwarz LTE Downlink MIMO Verification 15



Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

P-SYNCH |
(cirple)

o

o

o
20
{=

)
E.

™~

S-SYNCH

0
Real Part

Figure 19: Example Constellation Diagram before decoder for MIMO 2x2 signal captured with two
FSW. The PDSCH is a mixture of two layers.

The PDSCH in Figure 19 consist of two layers, two codewords (QPSK and 16QAM
with 6 RB) and uses codebook index 1. In effect you can see mixed constellation
diagram for PDSCH.

After the MIMO decoder you can see in constellation diagram both parts of the PDSCH
allocation (see Figure 20 and Figure 21). Via Codeword it is also possible to shown the
constellation diagram of one codeword only.

Evaluation Range &

Constellation Diagram

Modulation ~ [-ALL- =l
Alocation  |-ALL- =l
Symbol |-ALL- ~l
Codeword |—:’-‘-.LL— j

| ~l
Beamforming

Antenna Port | J

Figure 20: Evaluation Filter, allocation possible after decoding

1MA143 2e
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Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

In Figure 21 you can see constellation diagram for the same signal as in Figure 19 but
after MIMO decoder:

Figure 21: Example Constellation Diagram after MIMO decoder for PDSCH allocation, two codewords
(16QAM —blue points, QPSK —green points)

1MA143_2e Rohde & Schwarz LTE Downlink MIMO Verification 17



Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

Result Summary
An overview of the numerical results can be shown by click on the button Display
Figure 22.

& Rohde & Schwarz EUTRA/LTE Analysis Software Version 3.3 | = | | = |

Crest Factor

Figure 22: Result summary list, overview of numerical results

It is also possible to show an Allocation Summary and the demodulated bitstream
(Figure 23).

1MA143 2e
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Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

FE )

¢ Rohde & Schwarz EUTRA/LTE Analysis Software Version 3.

Allocation Rel. Modulation Power per
ID Power/dB * RE/dEm

RS
RS
P-SYNC

Evm &
Sub- Allocation Sy
frame o x sPECTRUM &

Figure 23: Allocation summary (upper half) and bitstream (lower half) of the demodulated signal

Time Alignment measurement

To find the time alignment error between muliple antennas, the following setup must be
used. Both transmit antennas must be connected to an FSx via a combiner (Figure 24).

TX1 -
BTS
(DUT) x Fox
-
Combiner

Figure 24: Test setup for time alignment measurements

Ensure that the antenna selection is not set to ALL (because the signals are fed to one
FSx). On the FSx, set Compensate MIMO Crosstalk to ON (see Figure 25). This
function enables the channel estimation for the 'cross’ channels between Tx antenna 1
and Rx antenna 2 and between Tx antenna 2 and Rx antenna 1. Note that the time
alignment measurement only uses the reference signal and therefore ignores any
PDSCH settings (e.g. it does not have an influence on this measurement if the PDSCH
MIMO scheme is set to transmit diversity or spatial multiplexing). The EVM will usually
be very high for this measurement. This does not effect the accuracy of the time
alignment error measurement result.

1MA143 2e
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Base station Transmitter MIMO Tests

Manual Settings for the LTE Analysis SW, Overview

Demodulation Settings {5] @
Downlink Demodulation Settings I Downlink Signal Characteristics 1 Downlink Advanced Signal Characteristics | MBSFN Settings 1
Demodulation
Auto PDSCH Demodulation [~
PDSCH Subframe
Corfiguration Detection off :"
Multicarrier Base Station
Multicarrier Filter r
Parameter Estimation
Boosting Estimation v
Channel Estimation [EVM3GPP Defintion =]
Tracking
Phime T
Timing r
EVM
EVM Calcuiation Method ~ [EVM 3GPP Defintion =]
Il PDSCHReference Data  [Auto Detet =]
|l Demodulated Data
Scrambling of Coded Bits [
Decode All Channels r
MIMO
M [ our 1\ Y FSx
AV
T‘HY FSx
L |

Figure 25: Enabling the Compensate Crosstalk feature

In the FSx test results list, the result (always with reference to antenna 1) is now
displayed (Figure 26).

{ Rohde & Schwarz EUTRA/LTE Analysis Software Version 3.3 e

Time Aligment Error to Antenna
. 1
Antenna Mean

Antenna 2 5 3,14 ns 4ns

ONIOFF
POWER

REFRESH

i3 (oosan

Figure 26: Results of the time alignment measurement. The software can measure up to four
antennas. Here the antenna 2 trnasmits 0.56 ns later then antenna 1.
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Base station Transmitter MIMO Tests

Remote Control Examples

3.3 Remote Control Examples

3.3.1 Tests with one FSx

Test setup
Figure 27 shows the setup with one FSx. Only one FSx is needed to measure both
antennas individually, one after the other.

™1

BTS RF >\— FSx

(DUT) =D

>

Figure 27: BTS transmitter test with one FSx

Examples in Forum
The following setups are provided as example remote control scripts for BTS
transmitter tests with one FSx:

1.

Example: BTS Transmitter TX Diversity

FDD: TX Diversity, 2 Antenna, 2 Layers
Bandwidth: 10 MHz

CDD Off

2 Allocations (PDSCH), 1 Codeword
QPSK, 25 Resource Blocks

16QAM, 25 Resource Blocks

Example BTS Transmitter 1 Layer Code 0

o T W

FDD: Spatial Multiplexing: 2 Antenna, 1 Layer, Codebook index 0
Bandwidth: 10 MHz

CDD Off

3 Allocations (PDSCH), 1 Codeword

QPSK, 10 Resource Blocks

16QAM, 20 Resource Blocks

64QAM, 20 Resource Blocks

Example: BTS Transmitter 2 Layer Code 0

FDD: Spatial Multiplexing: 2 Antenna, 2 Layers, Codebook index 0
Bandwidth: 10 MHz

CDD Off

2 Allocations (PDSCH), 2 Codewords

1.1: 64QAM, 25 Resource Blocks

1.2: QPSK, 25 Resource Blocks

2.1: 16QAM, 25 Resource Blocks

2.2: QPSK, 25 Resource Blocks

1MA143 2e
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Base station Transmitter MIMO Tests

Remote Control Examples

Example: BTS Transmitter 2 Layer Code 0 TDD

TDD: Spatial Multiplexing: 2 Antenna, 2 Layers, Codebook index 0
Bandwidth: 10 MHz

CDD Off

1 Allocation (PDSCH), 2 Codewords

1.1: 16QAM, 50 Resource Blocks

1.2: QPSK, 50 Resource Blocks

3.3.2 Tests with two FSx

Test setup

Figure 28 shows the test setup with two FSx units. Two FSx units are needed to
measure the two antennas in parallel. In this case, the DUT must also generate a
trigger signal so that the two FSx units can record the signal simultaneously. With this
test setup, all codebook indices can be measured as defined in Table 1.

Trigger

™1

—_— = FSx 1
/

D |pe
> FSx 2

Figure 28: BTS transmitter test with two FSx units

Examples in Forum
The following setups are provided as example remote control scripts for BTS
transmitter tests with one FSx.

5.

Example: BTS Transmitter 2 Layer Code 0 with CDD

FDD: 2 Antenna, 2 Layers, Codebook index 0 with CDD
Bandwidth: 10 MHz

CDD On

2 Allocations (PDSCH), 2 Codewords

1.1: 64QAM, 25 Resource Blocks

1.2: QPSK, 25 Resource Blocks

2.1: 16QAM, 25 Resource Blocks

2.2: QPSK, 25 Resource Blocks

Example: BTS Transmitter 2 Layer Code 1

FDD: 2 Antenna, 2 Layers, Codebook index 1
Bandwidth: 10 MHz

CDD Off

2 Allocations (PDSCH), 2 Codewords

1.1: QPSK, 25 Resource Blocks

1.2: 64QAM, 25 Resource Blocks

2.1: QPSK, 25 Resource Blocks

2.2: 64QAM, 25 Resource Blocks
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Base station Transmitter MIMO Tests

Remote Control Examples

3.3.3 Tests with RTO (4x4 MIMO)

Test setup

Figure 29 shows the test setup with one RTO. A four channel RTO is needed to
measure four antennas in parallel. With this test setup, all codebook indices can be
measured as defined in Table 1.

Tx1 »(CH 1
BTS TX2 »CH 2 RTO
X3 .
(DUT) a »ICH3
»|CH 4

RF

Figure 29: 4x4 MIMO BTS transmitter test with one RTO

Example in Forum
The following setup are provided as example remote control scripts for BTS transmitter
tests with the 4 channel Oscilloscope RTO 1014/1024 or 1044

7. Example: BTS Transmitter 2 Layer Code 1
— FDD: 4 Antenna, 4 Layers, Codebook index 0
— Bandwidth: 10 MHz
— CDD Off
— 2 Allocations (PDSCH), 2 Codewords
1.1: QPSK, 25 Resource Blocks
1.2: 64QAM, 25 Resource Blocks
2.1: QPSK, 25 Resource Blocks
2.2: 16QAM, 25 Resource Blocks

s@ ™o

3.3.4 Time Alignment Error

Test setup
To find the time alignment error between the antennas, the following setup must be
used. Both transmit antennas must be connected to an FSx via a combiner (Figure 30).

X1

BTS

(DUT) BB FSx

X2

L

Combiner

Figure 30: Test setup Time Alignment Error
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Base station Transmitter MIMO Tests

Remote Control Examples

Example in Forum
The following setup is provided as example remote control scripts for time alignment
error measurement in Forum:

8. Example BTS Transmitter Timing Measurement

FDD: Timing Measurement

— Bandwidth: 10 MHz

—  Spatial Multiplexing

— 2 Layers, Codebook index 1

— CDD Off

— 1 Allocation (PDSCH), 2 Codewords

a. 1.1: QPSK, 50 Resource Blocks

b. 1.2: 64QAM, 50 Resource Blocks

Note:
In this example, focus is on time alignment error. For demodulation measurement of
the signal, two FSx would be needed according to Table 3.
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UE Receiver Test

Test setup

4 UE Recelver Test

4.1 Test setup

For the UE receiver test, the SMW generates the signal of one base station with two
antennas and also simulates 2x2 MIMO, LTE fading for four channels (AA, AB, BA and
BB) and can add AWGN (Figure 31).

SMW?200A
LTE -
1 | RX1
UE
RF (DUT)
LTE » RX2
™>2

MIMO with
fading simulation

Figure 31: UE receiver test

If it is necessary to emulate higher-order MIMO configurations such as 3x3, 4x4, and
8x2 see the application note 1GP97 “Higher Order MIMO Testing with the
R&S®SMW200A Vector Signal Generator” (www.rohde-schwarz.com/appnote/1GP97)

In order to perform MIMO measurements up to 4x4 the R&S®RTO can be used instead
of several signal analyzers. For more details the application note 1EF86 “Testing LTE
MIMO Signals using a R&S®RTO Oscilloscope” (www.rohde-
schwarz.com/appnote/1EF86)

4.2 Manual settings for LTE MIMO with 2 Antennas,
Overview

This part shows the most important parameters for MIMO in manual control. Basic
knowledge about LTE and the general usage of the generators are required.

For the MIMO configuration press the System Config. Button and select System
Configuration as shown in the Figure below:

@ e
@ a

1MA143_2e Rohde & Schwarz LTE Downlink MIMO Verification 25


http://www.rohde-schwarz.com/appnote/1GP97

UE Receiver Test

Manual settings for

In the Fading/Baseband Tab make the following setting:

System Configuration

LTE MIMO with 2 Antennas, Overview

!i ? Set to Default

Mode ‘ Advanced he
Entities Basebands Streams
(Users, Cells) (Tx Antennas) (Rx Antennas)

N :
’ 1 X ‘ 2- X ‘ 2-
BB Source Config Coupled Sources i

Entity 1

@ Apply

o

Basebands

Figure 32: MIMO Settings

In order to take over the settings press the Apply button. The block diagramm shows
the resulting signal routing of 2x2 MIMO. The baseband Path B is now coupled to path
A. The SMW automatically sets all parameters for path B (Figure 31).

Press OK and select the Baseband button and choose the LTE Standard:

Baseband

Digital 1/Q In
Fading Baseband Input Settings...

TDMA Standards
&= GSM/EDGE...

Bluetooth...

TETRA...

(Jon CDMA Standards
3GPP FDD...

CDMA2000...

TD-SCDMA...

1xEV-DO...

WLAN Standards

IEEE 802.11...

Beyond 3G Standards
|EEE 802.16 WiMAX...

Figure 33: Baseband A generates the first, baseband B the second transmit (Tx) signal. The internal
real-time fading simulators simulate the four fading channels.
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UE Receiver Test

Manual settings for LTE MIMO with 2 Antennas, Overview

In the LTE window, you can choose between FDD and TDD mode (33).

T *
[Off aPL @ Sl @ Recall Sm‘@ m'ff:nﬂ
@ Test Case Wizard... ’

Duplexing FDD ke
Link Direction Downlink (OFDMA) b
@ Test Models...

‘ General DL Settings... Frame Configuration...

@ Filter/Clipping/ARB/T DW/Power... LTE / Clip Off / 1 Frames

Figure 34: SMW duplexing FDD/TDD

In the LTE General DL Settings window, two antennas in the Antenna Ports section
are selected and assign path A to antenna 1 and path B to antenna 2 automatically
(Figure 34).

EUTRA/LTE A: General DL Settings — X

Global MIMO Configuration |2 TxAntennas M

I Cell Specific Antenna Port Mapping ~

Mapping Coordinates Cartesian M

Figure 35: SMW LTE with two antennas
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Manual settings for LTE MIMO with 2 Antennas, Overview

In the LTE Frame Configuration window, select the value 1 as the number of
configurable subframes:

EUTRA/LTE A: Frame Configuration

User Configuration
No. of Configurable Subframes 1 :

Reset All Subframes

This way, only one subframe has to be set, and the SMW will copy the first subframe
into the other subframes and automatically set the correct control channels (Figure 36).
The SMx always set and shows at least 10 subframes (one frame). The PBCH is
already enabled as a default setting so only the PDCCH has to be enabled explicitly.

EUTRA/LTE A: Frame Configuration

Subframe

(QPDee
0 [ Prev @Nﬂx}' Copy

No. of Used Allocations

16QAM| Config...

Figure 36: Frame configuration, examplel (SMW)

You can set different additional allocations (PDSCHSs). For each allocation you can
setup:

e Modulation (QPSK, 16QAM or 64QAM)

e Number of Resource Blocks

Please note that if two codewords are used the allocation will be shown in two lines
numbered x.1 and x.2.
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Manual settings for LTE MIMO with 2 Antennas, Overview

Use the Config button for the individual allocations to open the Enhanced Settings

(Figure 37):
EUTRA/LTE A: Enhanced Settings (FO/SFO/AL2.1) — ‘ X
[O CSI-RS |O Scrambling 1 (O Channel Coding

;Precoding Scheme .Spatial Multiplexing
Code Words 2
Number Of Layers . 2
Cyclic Delay Diversity .No cDD
Codebook Index | 0.

Figure 37: Enhanced settings, example (SMW)

Here you can set the pre-coding Scheme to spatial multiplexing or TX Diversity, the
number of layers, the codebook index and the cyclic delay diversity setting. You also
can enable Scrambling and Channel Coding.

Under Configure PCFICH, PHICH and PDCCH you can edit these three channels
(Figure 38).
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EUTRA/LTE A: Frame Configuration

Manual settings for LTE MIMO with 2 Antennas, Overview

X

= 10~10 106~

General PCFICH / PHICH / PDCCH Configuration

State off On Scrambling @
Precoding Scheme Tx Diversity ] Number Of Layers 2
PCFICH Configuration
Power [ 0.000/dB % Control Region for PDCCH‘ 2| OFDMA Sym. -

EUTRA/LTE A: Frame Configuration

Number of PHICH Groups -

Power Mode Constant

il

s 90 e [0 w0 e [ ]

PDCCH Format [Van'able

'\ Power 0.000/dB -~

Number of Bits / REGs / CCEs

1920/240/26 I

Figure 38: Configure PCFICH, PHICH and PDCCH
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UE Receiver Test

Manual settings for LTE MIMO with 2 Antennas, Overview

Figure 39 shows the first subframe of the generated signal and the individual
allocations. The reference and synchronization signals are inserted automatically.
Figure 40 shows all ten subframes. A synchronization signal is automatically inserted
into subframe 5.

— X
T Pﬂrcﬂ P:Dccﬂ
sfo s
OFDM Symbols
: 7 8 9 10 1 12 13
04 05 0§ 07 08 09
Time (Ims)
No. of Subframes 1| First Subframe 0‘ VView Mode |VRB - Cell Index j Show Time Plan in Dialog...
Figure 39: Time plan, example (one subframe)

EUTRA/LTE A: Frame Configuration — X

Subframe PCFICH |~ PHICH PDCCH
o s oz on

OFDM Symbols
1 6 11 16 21 26 31 36 41 46 51 61 66 71 76 81 86 91 96 101 106 111 116 121 126 131 136
nn w il n n 7l 7 0 hor 7l nm

56
48 n'nm h ¥ a'om n'nm 7l 7 'm A A drn';
44
40
36
832
m
T28 ]
224 g 7
3 o -
220
& 16
12
8
4 :

04 08 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100
Time (Ims)

|0} First Subframe 0% View Mode |VRB -| Cell Index

:' ‘ Show Time Plan in Dialog...

No. of Subframes

Figure 40: Time plan, example (all sub frames)
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UE Receiver Test

Manual settings for LTE MIMO with 2 Antennas, Overview

If the signal should not be faded it is necessary to bypass the fading simulator (Figure

41).
[Run> Fading
Fading
Fading Settings...

Bypa

Signal Routing (MIMO)
System Conﬁguraﬁon...'

AWGN

lsul Del

GN

Figure 41: Bypass the fading simulator if it is not needed

After activating LTE, the Baseband A generates the first, baseband B the second
transmit (Tx) signal. The resulting streams A and B correspond to the marked signals

in the following block diagram (Figure 42)

Fading AWGN
m— (o] é
s
t
[Jon [(Jon n
M
g— o= ¢ |

Figure 42: Block diagram on the SMW with stream A (TX1) and stream B (TX2)
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UE Receiver Test

Manual settings for LTE MIMO with 2 Antennas, Overview

Additional settings for UE Receiver tests
For the UE receiver tests general settings (besides the LTE specific) like MIMO, fading
and AWGN can be done.

MIMO + Fading

For UE receiver tests, the SMW can be used to simulate the MIMO configuration with
fading.

To do this, select the configuration using the Fading button and then select Fading
Settings...(Figure 43).

- 11Q Mod A RFA
.Jﬂ :
— REA
Bu | 10,
L ] ‘ A
All
i ; —| IQAnalogA]|
= 9 o ourt
s|—| (Jon [=¢&
t A
Signal Routing (MIMO) :
System Configuration... = = ) ()2
M
a IQAnalog B||
el ‘g‘voomz
Ble|—| [JOn |—©
i— O] e B
1 5
11Q Mod B RF B
=
Std Del N = @BLE
el Ll =

Figure 43: SMW Fading setting selection

In order to use one of the various predefined fading scenarios select Standard in the
General tab (Figure 44). These predefined settings are in accordance with test
scenarios stipulated in modern mobile radio standards. Table 5 shows available fading
profiles specified for LTE:

Predefined

Profile 5Hz 70 Hz 300 Hz
EPA X

EVA X X

ETU X X

Table 4: LTE MIMO fading profiles

Added to this are the correlation matrices LOW, MID and HIGH for each possible
profile. All profiles defined in the specification are provided in the SMW as predefined
profiles. Specifics regarding the fading profiles and settings are found in [5].
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UE Receiver Test

Manual settings for LTE MIMO with 2 Antennas, Overview

User EPA 5Hz Low ETU 300Hz Medium |
i
CDMA EPA 5Hz Medium ETU 300Hz High |
k
GSM EPA 5Hz High HST 3 Tunnel Multi Antennas
@) General [ NADC EVA 5Hz Low HST 3 Tunnel Multi Ant./DL+UL
StandardfFine Delay | .
PCN EVA 5Hz Medium 3
Off CT\ On £
TETRA EVA 5Hz High ]
Standard 3GPP EVA 70Hz Low
WLAN EVA 70Hz Medium
Configuration
DAB EVA 70Hz High 3
Signal Dedicated To WIMAX ETU 30Hz Low 3
|gnore RF Changes <  WIMAX-MIMO ETU 30Hz Medium
LTE ETU 30HzHigh I
ETU 70Hz Low
1xEVDO ETU 70Hz Medium
WATTERSON ETU 70Hz High
802.11n-MIMO ETU 300Hz Low

Figure 44: List of predefined fading scenarios for LTE-MIMO

The selected fading scenario can be shown graphically as power delay profile in the
“Path Graph” tab (Figure 45).

Restart
Auto

Insertion Loss Config. /

O General
Coupled Parameters

Standard/Fine Delay Path Table

Path Graph

Static Path

Rayleigh

Pure Doppler
Rice

Gauss Doppler

Gauss (0.1 fd)

WM Doppler

Gauss (0.08 fd)
M WM Rice

Gauss Watterson

Gauss DAB

Bell Shape tgn Indoor
M Bell Shape tgn Moving

Path Loss / dB

=W
s &

-
&

503

o0
o

02 0 02040608 1 12 14 1618 2 22 2426 28 3 32 34 36 38 4 42 44 4648 5 52
Delay / ps

Figure 45: Power delay path graph of the LTE-MIMO fading scenario
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Manual settings for LTE MIMO with 2 Antennas, Overview

Instead of using a predefined fading scenario, the user can also configure a custom
scenario. In the Path Table tab, the user can specify the number of active fading
paths, their delay and attenuation, the fading profile to be used (e.g. Rayleigh), as well
as all path related settings (Figure 46).

Fading A — X

@ Table Settings ’ Copy Path Group E To ‘ ZJ Copy ‘
Off

Rayleigh H Rayleigh Rayleigh Rayleigh
Rayleigh I 1.50 1.40

"5 Rice '0.000 000 0.000 000 0.000

Ms |Const. Phase 0.030 000 0.150 000 0.310

Hs | Gauss1 0.030 000 0.310
Gauss2
Gauss DAB

m s Doppler

Figure 46: Power delay path graph of the LTE-MIMO fading scenario

To test MIMO receivers under real-world conditions, a certain degree of correlation
between the fading channels has to be simulated. The correlation is quantified in terms
of a matrix. For 2x2 MIMO this correlation matrix is a 4x4 matrix representing the
correlation of the four fading channels (AA, AB, BA, BB).

The correlation between two fading channels is defined by a correlation coefficient that
is a measure for the similarity of the two signals. The correlation coefficient is a
complex quantity expressed as a pair of numbers in either Cartesian form (real-
imaginary) or polar form (magnitude-phase). The polar form is more descriptive, since
it directly gives the magnitude and phase relationship of the two signals.

In the path table under Coefficient press on Matrix (Figure 47) open the correlation
matrix menu (Figure 48).
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Fading A

Manual settings for LTE MIMO with 2 Antennas, Overview

Figure 47: Open the correlation matrix

Fading A: Correlation Matrix

— X

Current Path (Tap)

» Copy
‘O Sien H@ To Prev “1

A€ Copy W Copy
To Next ’ To All M

Matrix Mode |Individual i

Data Format Magnitude-Phase -

28 000

(AA 1.0000 0.00° 0.9000
900 1.0000; 0.00

Figure 48: Correlation matrix

Perfect correlation is achieved when magnitude = 1 and phase = 0, whereas
magnitude = 0.00 (and phase = 0)5 gives absolutely no correlation. To simulate ideal
conditions for MIMO, i.e. no correlation between the fading channels, set all correlation
coefficients to zero (default setting) except for the diagonal matrix elements. They
represent the correlation of one fading channel with itself and are therefore usually set
to magnitude = 1. To create real-world conditions, set the off-diagonal elements to
nonzero values to simulate a certain degree of correlation between the fading
channels. For more details see the application note 1GP97 “Higher Order MIMO
Testing with the R&S®SMW200A Vector Signal Generator” (www.rohde-

schwarz.com/appnote/1GP97)
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UE Receiver Test

Remote Control Example

MIMO + Fading + AWGN

An additive white Gaussian noise (AWGN) signal with selectable system bandwidth
can be added to the streams after fading simulation (Figure 49). For example, the
AWGN signal can be used for simulating a certain signal-to-noise ratio at the receiver
to test the receiver sensitivity.

C_9o)
[ uamoda | | RFA |
% % . ROED
| A
1
Q o :
i 1/Q Analog A ’@fvaoun
t A
2 | = Oy
™M
: 1/Q Analog B g’vooun
P
e B
r
RF B

Figure 49: Adding white Gaussian noise

It is possible to specify the AWGN independently for each stream. If the “Coupled
Mode” parameter is enabled, the same AWGN settings are used for each stream. In
any case, the AWGN is statistically independent for each stream. The settings are not
described in more detail here.

4.3 Remote Control Example

Example in Forum
The following setup is provided as example remote control script for UE receiver test.

9. Example: UE Receiver 2 Layer Code 1 2x2 AWGN
— FDD: 2 Antenna, 2 Layers Codebook index 1, 2x2 Fading, AWGN
— Bandwidth: 10 MHz
— CDD Off
— Channel Coding On
— Scrambling On
— 1 Allocation (PDSCH), 2 Codewords
a. 1.1: QPSK, 50 Resource Blocks
b. 1.2: 64QAM, 50 Resource Blocks
- 2x2 MIMO
— predefined LTE fading profile: EPA 5 Hz Medium
— AWGN with C/N 1 dB
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Appendix

4.4 Demo-Setup

Testing typically requires a signal/spectrum analyzer (FSW, FSQ or FSV) for base
station (eNodeB) transmitter tests and a signal generator (SMW200A, SMU200A or
combination of SMATE200A and AMU200A) for User Equipment receiver tests.

For demonstration purpose the remote control examples provided with this application
note also allow to replace the BTS DUT by a signal generator and the UE DUT by
signal/spectrum analyzers. The demo setup is shown in Figure 50 .

PC with installed R&S® Forum and
R&S™FS-K102 LTE MIMO PC Software

LAN
Spectrum and Signal Analyzer
R&S®FSW
Ref.
10 MHz
IRF
Trigger
3
Vector Signal Generator R&S®SMW200A

Figure 50: Setup with SMW and two FSW for demonstration
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Demo-Setup

For demonstrating the, in Example 7 described 4x4 MIMO Scenario, it is necessary to
increase the number of available SMW RF outputs beyond two. This can be done by
connecting external RF sources such as the R&S® SGS or the R&S®SMBV100A to the
SMW. These instruments are upconverting the SMW'’s analog I/Q baseband signals to
the RF. The external SGS can be controlled directly from the SMW via LAN or USB.
Instead of four signal/spectrum analyzers one RTO oscilloscope with four channels can
be used. The RTO is also supported by the R&S® FS-K102 LTE MIMO PC software.
An example setup with two SGS and one RTO is shown in Figure 51.

RF outputs C D

T L T RF Source R&S®SGS100A

1 uUSsB raQ usB Analog 1/Q data

1 uUss v uss Control (USB / LAN)

i
i
]

'@ oo

SaanNapaEzarEsQO N
L =0

&gl onoon
@opee 0o
OJO N

n
8

PC with installed R&S® Forum and
R&S® FS-K102 LTE MIMO PC Software

Oscilloscope R&S® RTO
RFinputs A B C D

Figure 51: Setup with SMW, SGS and RTO for 4x4 MIMO demonstration
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Demo-Setup

R&S®SGS Configuration Procedure:

e Connect the cables for analog I/Q (the analog I/Q output signals of the SMW
are connected to the analog I/Q inputs of the SGS: | — |, Q — Q), reference
frequency, and control as shown in Figure 51 above.

Establish a remote connection to SGS (LAN or USB)

Per default, “RF coupling” is enabled, i.e. RF frequency, level and “RF State”
of the SGS are set automatically via the corresponding SMW settings.
Alternatively, set the RF frequency and level directly and turn on the RF output
by enabling the “RF State”.

Please note:

Use cables of the same type that are exactly equal in length to feed the analog I/Q
signals to the SGS. This is important, since otherwise a delay between the | and the Q
signal is introduced, which can degrade signal quality significantly. Also, use high
quality adapters and do not accumulate adapters.

The settings for the SGSs are made in the “External RF and 1/Q” tab of the “System
Configuration” menu. Set the “Display” parameter to “Output Connectors” to display
only the available output connectors. The outputs “I/Q OUT 1” and “I/Q OUT 2” are
relevant for the SGS (Figure 52)

| memcmﬁgllnsu.mmlmasmmlm

Display Output Connectors Ci t All Remot Di tAll R

. ‘Extemd (e} 'Rem 'RF | RF Frequency ’RFLwel}RF
Dir_ 1 Conn |Conn/I"StumentName o) 1™ gy IdBm lsm!

FADER 3 Out Config...

FADER 4  Out Config...

BBMM1 Out Config...

IQOUT1 Out Config...

1/QOUT 2 Out | Config...

Figure 52: Setup with SMW, SGS and RTO for 4x4 MIMO demonstration

After pressing the Config... Button press the “Scan” button to scan the network (and
the USB interfaces) for connected devices. The found devices are listed under the
“External Instrument” parameter. Select the target SGS from the drop down list. It is
possible to enter a symbolic name for the SGS. The IP address is automatically
displayed. Since the SGS is not a two path instrument the “RF Path” parameter is fixed
to “A” (Figure 53).
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1/Q OUT 1: External Instrument Configuration — X

[ e
o @ Qe @own

External Instrument lSGS(1 00014) %
[Symbolic Name Stream C|

RF Path lA

@ Apply ’@ Apply and Connect

Figure 53: Configuration of the external RF source R&S®SGS

S

To connect a second SGS repeat the steps described above for the “ 1/Q OUT 2”
connector.

Back in the “System Configuration” menu, the connected SGS is displayed with its
symbolic name. The “Remote Connection” button indicates the connection state and
can be used to toggle the state on and off (Figure 54).

System Configuration

Display |Output Connectors - Connect All Remote Disconnect All Remote

A:0.00

Figure 54: Two SGS are now connected to the SMW “l/Q Out 1” and “l/Q Out 2”

Configuration of the FSK-K102 LTE MIMO PC Software

Figure 55 shows the general Analayzer configuration for the RTO. Select 4 Tx
Antennas, and four Channels for the RTO.
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Minimum SMW, SGS and RTO Configuration

General Settings i @
General  Analyzer Config/MIMO Setup |Trigger| Spectrum I Advanced I
Configuration
DUT MIMO Corfiguration |4 Tic Arternas_~ |
TX Antenna Selection Al hd

Mum. Input Channels IFer Antenna Selection VI

Analyzer Configuration
0|1napnmnel | LERIRED h&rg::relf Inp‘:rtnarﬂairnel
1 (Master) TCPIP::10.85.0.137 4 ~| ] |
2 2 |
3 3 |
4 4 LI

Figure 55: configuration of the FSK-K102 LTE MIMO PC Software by using the 4 channel
Oscilloscope RTO.

4.5 Minimum SMW, SGS and RTO Configuration

Table 5 and table 6 shows the minimum configuration of an SMW in order to cover all
examples. Please note that it is also possible to combine an AMU and an SMATE.

Minimum SMW configuration (for LTE 2x2 MIMO)

Option Designation Number of options
SMW-B103 1% path 3 GHz 1
SMW-B203 2" path 3 GHz 1
SMW-B10 Baseband Generator with ARB (64 2

Msample) and Digital Modulation (real
time), 120 MHz RF bandwidth

SMW-B13T Signal Routing and Baseband Main 1
Module, two 1/Q paths to RF

SMW-B14 Fading Simulator 2

SMW-K74 MIMO Fading/Routing 1

SMU-K55 Digital standard LTE/EUTRA 2

Table 5: Minimum SMW configuration for LTE 2x2 MIMO measurements
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Remote Control Examples (Program R&S®Forum)

Minimum SMW, SGS and RTO configuration (for LTE 4x4 MIMO)

Option Designation Number of options
SMW-B103 1* path 3 GHz 1
SMW-B203 2" path 3 GHz 1
SMW-B10 Baseband Generator with ARB (64 2

Msample) and Digital Modulation (real
time), 120 MHz RF bandwidth

SMW-B13T Signal Routing and Baseband Main 1
Module, two I/Q paths to RF

SMW-B14 Fading Simulator 4

SMW-K74 MIMO Fading/Routing 1

SMU-K55 Digital standard LTE/EUTRA 2

SGS-B106V SGMA RF Source 2

SGS-B26 1 MHz to 6 GHz, I/Q (with vector 2
modulation)

SGS-B1 Electronic Step Attenuator 2

RTO-B4 10 MHZ OCXO 1

RTO-K11 1/Q Software Interface 1

Table 6: Minimum SMW, SGS and RTO configuration for LTE 4x4 MIMO measurements

4.6 Remote Control Examples (Program R&S®Forum)

R&S®Forum is a powerful tool for remote control of R&S®Instruments. It allows users to
run and edit example script sequences and to write their own script files. Script files
can range from simple command sequences (Winbatch syntax) to complex programs
using the programming language Python. R&S®Forum application uses the VISA
interface, which allows remote control of instruments via LAN, GPIB and USB.
R&S®Forum runs on Windows® XP, Vista, 7, 8. For more detailed information see the
application note 1MA196 (http://www.rohde-schwarz.com/appnote/1MA196).

R&S®Forum Key Features:

1 Stand-alone tool with installer
1 Multiple remote connections are supported.
1 Python shell prompt for interactive remote control.

1 Integrated Debugger: Breakpoints, stepping through source code, inspecting
variables.

1 Macros: Assign code snippets to buttons in the GUI.

1 Window manager: Docking windows allow for user-defined window layout.
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Appendix

Remote Control Examples (Program R&S®Forum)

1 Easy integration of custom python libraries.

1 Graphics: matplotlib and numpy are integrated.

Installation
This application note comes with an installer, which includes the:

1 Forum application

1 Python interpreter

1. Execute the R&S®Forum installation program and select the installation directory.
2. Save the script files provided with the Application Note in a directory on your PC.

Please note:

For communication with instruments, R&S®Forum application uses VISA interface,
which is not included in the installer. National Instruments VISA, available on the
National Instruments® homepage (www.ni.com/visa), is recommended.

The Python interpreter is installed locally and used for Forum only. An eventually
already installed Python version is not used or touched and remains unchanged for
normal use.

Each test described in this Application Note can be executed quickly and easily using
the demo script files. Results and test times can be evaluated with a single mouse
click.The individual remote control commands are commented to make it easy to
customize all examples.

In the examples all FSx units are switched to external reference frequency and
synchronize to a reference frequency (10 MHz) (provided for demo by the SMx).
Itis also possible to set the level and the frequency.

Getting started
After the start, the R&S®Forum user interface will come up:

g RS Forum, Version 230 FE =)
| be Edt Debug Settings Help |
= E l?_‘ & P> ONO|® @ 8 & & (3 |’Q‘ f;_ ) |
STO0UT (]| somon 1] (oo Cl

1 F
OUTPUT % || Newfilel ¥ X LOGGER i

1

Figure 56: Forum overview
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Remote Control Examples (Program R&S®Forum)

The generator, signal analyzer and the K10xPC EUTRA/LTE analysis software are
connected to R&S®Forum via its Visa Resource in the Instrument Configuration file as
shown below. As the K10xP EUTRA/LTE analysis software runs on the computer
which controls all instruments you have to enter as the resource name localhost.

-
&3 RES Forum, Version 2.3.0 W SR -
File Edit Debug [Settings| Help
— E-— : l Instruments... Ctrl+I
Reload Detices Ctrl+Shift+R
STDOUT
Startup File Ctrl+Shift+T
OQUTPUT
Forum Library File Ctrl+Shift+L
Restore Standard Layout Ctrl+L
Settings... Ctrl+P
@ Devices ﬁ l&]
Enabled Resource ID Alias Visa-Resource Timeout [s]
- F5S_K102PC Fsw/ TCPIP::localhost:: INSTO::INSTR, 10
Fsw_1 TCPIP::10,85.0. 183:INSTO:INSTR. |5
- Fsw_2 TCPIP::10,85.0,22::INSTR 5
| _o” | SMW TCPIP::10.85.0. 117::INSTR R
[ Add ... ][ Delete ][ Configure ... ][TestConnecnons ][ oK. ][ Cancel

@ Configure Device é Lﬂ
Resource ID Build Interface
m— InterfaceType WXI11 -
Visa-Resource Board No.
TCPIP::10.85.0,117::INSTR TCPIP

Timeout [s]
5 Instance

IP Address  19,85,0,117

Figure 57: Configuration of the used remote control devices

e Each test described in this Application Note is one txt file.
Just load a test case via Open File

e Test runs are divided into generator (as demo) and measurement part for Tx tests.

e Demos with the SMx can be skipped with Demo =0
e Results and messages are displayed in the Output frame.

If scripts measures two antennas sequentially, the script pauses and Forum waits for

the user (8).
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References
LTE MIMO 2 Antenna 1 Loyer Cod T IIEY
L
\l) Please connect Antenna 2!
Figure 58: Forum connect antenna 2
Figure 59 shows a typically measurement results in the Forum report.
DATR FOR RNTI1
1z:00:14.720 FS_KI10ZPC: INIT:IMM
1Z:00:14.720 F5_KI10ZPBC: *OBC?
1z:00:16.270 F5_K102PC: 1551.2 ms ['1"]
12:00:1&.270 F5_F102PC: FETC: SUMM:DOW?
1z:00:16.280 FS_KI10ZPC: 3.8 ms ['"-Z0.8858532722"]
1Z:00:16.280 F5_KI10ZPBC: FETC:SUMM:FERR?
1z:00:16.280 F5_KI10ZPC: 1.2 ms ['-1.55285824338"]
12:00:16.280 F5_F102PC: FETC: SUMM:EVM?
1z:00:16.280 FS_KI10ZPC: 1.2 ms ["0.277908495827"]
1Z:00:16.280 F5_KI10ZPBC: FETC:5UMM:EVM:DSQE?
1z:00:16.280 F5_KI10ZPC: 0.8 ms ["0.27690131&323"]
12:00:16.280 F5_F102PC: FETC: SUMM:EVM:DSST?
1z:00:16.280 FS_KI10ZPC: 0.7 ms ["0.2Z30901254155"]
1Z:00:16.280 F5_KI10ZPBC: FETC:SUMM:CRES?
12:00:16.230 F5_KI10ZPC: 0.7 ms ["11.0552834314"]
12:00:45.275 F5_F102PC: CONF:DL:-MIMC:ASEL RNTZ
DRTR FOR RNTZ
1Z:00:48.273 F5_KI10ZPBC: INIT:IMM
12:00:48.273 F5_KI10ZPC: *OBC?
12:00:45_082 F5_F102PC: TE7.Bms ["1"]
1z:00:45_082 FS_KI10ZPC: FETC: SUMM:DCH?
1Z:00:45_082 F5_KI10ZPBC: 0.8 ma ['"—-Z0.8728921833"]
1z:00:45.082 F5_KI10ZPC: FETC:S5UMM:FERR?
12:00:45_082 F5_F102PC: 0.8 ms ["0.0568992025597"]
1z:00:45_082 FS_KI10ZPC: FETC:SUMM:EVM?
1Z:00:45_082 F5_KI10ZPBC: 0.8 ms ["0.212337798433"]
1z:00:45.082 F5_KI10ZPC: FETC:5UMM:EVM:DSQE?
12:00:45.072 F5_F102PC: 0.8 ma ['"0.2055263917"]
1z:00:45.072 FS_KI10ZPC: FETC:SUMM:EVM:DSST?
1Z:00:45.072 F5_KI10ZPBC: 0.7 ms ["0.2131558721839"]
1z:00:45.072 F5_KI10ZPC: FETC:S5UMM:CRES?
12:00:45.072 F5_F102PC: 0.8 ms ["10.3603329&875"]

Figure 59: Forum Report of example 1: BTS Transmitter TX Diversity
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4.8 Additional Information

Please send your comments and suggestions regarding this application note to

TM-Applications@rohde-schwarz.com

4.9 Ordering Information

Ordering Information

Vector Signal Generator

R&S®SMW200A Vector Signal generator 1412.0000.02

R&S®SMW-B10 Baseband Generator with ARB (64 Msample) and Digital 1141.7007.02
Modulation (real time), 120 MHz RF bandwidth

R&S®SMW-B13T Signal Routing and Baseband Main Module , two 1/Q 1413.3003.02
paths to RF
R&S®SMW-B14 Fading Simulator 1413.1500.02

R&S®SMW-B10x | RF path A (3, 6, 12.75 or 20 GHz)

R&S®SMW-B20x | RF path B (3, 6, 12.75 or 20 GHz)

R&S®SMW-K62 AWGN (optional) 1413.3484.02
R&S®SMW-K55 Digital Standard LTE/EUTRA 1413.5235.02
R&S®SMW-K74 MIMO Fading/Routing 1413.3632.02
External RF Source (for 4x4 MIMO)

R&S®SGS100A SGMA RF Source 1416.0505.02
R&S®SGS-B106V | 1 MHz to 6 GHz, I/Q (with vector modulation) 1416.2350.02
R&S®SGS-B26 Electronic Step Attenuator 1416.1353.02
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R&S®SGS-B1

Reference Oscillator OCXO

Ordering Information

1416.2408.02

Ordering Information

Signal Analyzers, Spectrum Analyzers, Oscilloscope

R&S°FSW Up to 8, 13 or 67 GHz 1312.8000.xx
R&S°FSQ Up to 3, 8, 26, 31 or 40 GHz 1155.5001.xx
R&S°FSV Up to 4, 7, 13, 30 or 40 GHz 1321.3008.xx

R&S®FSx-K100

EUTRA/LTE Downlink

1308.9006.02

R&S®FSx-K102

EUTRA/LTE Downlink, MIMO

1309.9000.02

R&S®FSx-K104

EUTRA/LTE Downlink, TDD

1309.9422.02

R&S®FS-K100PC

PC SW EUTRA/LTE Downlink

1309.9916.06

R&S®FS-K102PC

PC SW EUTRA/LTE Downlink, MIMO

1309.9939.06

R&S®FS-K104PC

PC SW EUTRA/LTE Downlink, TDD

1309.9951.06

R&S°RTO1014 Digital Oscilloscope 1 GHz, 4 channels 1316.1000.14
R&S°RTO1024 Digital Oscilloscope 2 GHz, 4 channels 1316.1000.24
R&S°RTO1044 Digital Oscilloscope 4 GHz, 4 channels 1316.1000.44
R&S°RTO-B4 10 MHZ OCXO 1304.8305.02

R&S°RTO-K11

1/Q Software Interface

1317.2975.02

xx stands for the different frequency ranges (e.g. 1312.8000.26 up to 26 GHz)

Note: Available options are not listed in detail .The use of the SMATE vector generator
is also possible (SMATE does not support fading).
Please contact your local Rohde & Schwarz sales office for further assistance.
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