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

1 The R&S®SMW200A vector signal generator is referred to as the SMW.

1 The R&S®SMBV100A vector signal generator is referred to as the SMBV.
1 The R&S®FSV spectrum analyzer is referred to as the FSV.

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

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

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

1 The SMW and SMBYV are referred to as the SMx.

1 The FSW, FSV, FSVA and FPS are referred to as the FSx.

1 The software R&S®TSrun is referred to as the TSrun.

Note:
Please find the most up-to-date document on our homepage
http://www.rohde-schwarz.com/appnote/IMA154.

This document is complemented by software. The software may be updated even if the
version of the document remains unchanged
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Introduction

Long Term Evolution (LTE) networks or Evolved Universal Terrestrial Radio Access (E-
UTRA) (from Releases 8, 9 and 10) have long since been introduced into daily usage.
As a next step, 3GPP has added several extensions in Releases 11 and 12, known as
LTE- Advanced (LTE-A). These include a contiguous and non-contiguous multicarrier
and/or carrier aggregation (CA) option, changes to MIMO (up to 8x8 in the downlink
and introduction of MIMO in the uplink). Release 13 (now called LTE advanced pro)
introduces a 3GPP solution for the Internet of Things, called NB-IoT as a new physical
layer. In Release 14, the new innovations are the enhanced Licensed Assisted Access
(eLAA) in Unlicensed Spectrum, the support for Vehicle-to-Everything (V2x) services
as well as 4-band and inter-band Carrier Aggregation (CA).

An overview of the technology behind LTE and LTE-Advanced is provided in
Application Note 1IMA111, 1IMA232 and 1MA252. The white papers 1MA166 and the
application note 1IMA296 handle NB-loT.

The LTE-A conformance tests for base stations (eNodeB) are defined in 3GPP TS
36.141 Release 13 [1] and include transmitter (Tx), receiver (Rx) and performance (Px)
tests. T&M instruments from Rohde & Schwarz can be used to perform all tests easily
and conveniently.

This application note describes the transmitter (Tx) tests in line with TS36.141

Chapter 6. It explains the necessary steps in manual operation for signal and spectrum
analyzers and signal generators. A free remote-operation software program is
additionally provided. With this software, users can remotely control and demo tests on
base stations quickly and easily. It also provides the SCPI commands required to
implement each test in user-defined test programs.

The receiver (Rx) tests (TS36.141 Chapter 7) are described in Application Note
1MA195 and the performance (Px) tests (TS36.141 Chapter 8) are covered in
Application Note 1IMA162.

The following abbreviations are used in this application note:

Abbreviations for 3GPP standards

TS 36.141 Application Note
E-UTRA FDD or TDD LTE (FDD or TDD)
UTRA-FDD W-CDMA
UTRA-TDD TD-SCDMA

GSM, GSM/EDGE GSM

Table 1-1: Abbreviations for 3GPP standards

Table 1-2 gives an overview of the Transmitter tests defined in line with Chapter 6 of
TS36.141. All can be carried out using instruments from Rohde & Schwarz. These
tests are individually described in this application note.

Rohde & Schwarz 4
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Covered TX tests

Chapter Test

(TS36.141)

Base station output power

6.2 Base station output power

6.2.6 Home BS output power for adjacent channel WCDMA protection
6.2.7 Home BS output power for adjacent channel LTE protection
6.2.8 Home BS output power for co-channel LTE protection

Output power dynamics

6.3.1 RE power control dynamic range — no dedicated test, covered by 6.5.2
6.3.2 Total dynamic range
6.3.3 NB-loT RB power dynamic range for in-band or guard band operation

Transmit ON/OFF power
6.4 Transmit ON/OFF power

Transmitter signal quality

6.5.1 Frequency error

6.5.2 Error vector magnitude
6.5.3 Time alignment error
6.5.4 DL RS power

Unwanted emissions

6.6.1 Occupied bandwidth

6.6.2 Adjacent channel leakage power ratio
6.6.3 Operating band unwanted emissions
6.6.4 Transmitter spurious emissions

Transmitter intermodulation

6.7 Transmitter intermodulation

Table 1-2: Covered TX tests

Rohde & Schwarz 5
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Ready for RED?

The new radio equipment directive RED 2014/53/EU adopted by the European Union
replaces the previous directive RTTED 1999/5/EC, better known as R&TTE. With RED,
not only radio transmitters, but also radio receivers have to meet minimum regulatory
performance requirements and need to be tested. Article 3.2 contains fundamental
technical requirements.

The Harmonised European Standard ETSI EN 301 908 Part 14 covers essential
requirements of article 3.2 for E-UTRA Base Stations. The tests refer to ETSI TS 136
141, which is the same as 3GPP TS36.141.

The Harmonised European Standard ETSI EN 301 908 covers essential requirements
of article 3.2 for Mobile Communication On Board Aircraft (MCOBA) systems. Chapter
4.2. defines tests for E-UTRA-OBTS (Onboard Base Transceiver Station), which refer
to ETSI TS 136 141, which is the same as 3GPP TS36.141.

Rohde & Schwarz 6
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2 General Transmitter Test Information

2.1 Note

Very high power occurs on base stations! Be sure to use suitable attenuators in order
to prevent damage to the test equipment.

2.2 NB-loT Modes of Operation

NB-loT has a channel bandwidth of 200 kHz but occupies 180 kHz only. This is equal
to one resource block in LTE (1RB). This bandwidth enables three modes of operation:

1 Standalone operation: NB-loT operates independently, for example on channels
previously used for GSM.

1 Guard band operation: NB-IoT utilizes resource blocks in the guard bands of an
LTE channel.

1 In-band operation: NB-10T re-uses frequencies that are not used by LTE inside
the LTE channel bandwidth.

in-band operation guard band operation stand alone operation
[ —
o o
=2
J N J AN
Y . Y . Y -
LTE Carrier LTE Carrier GSM Carriers

Fig. 2-1: The three NB-loT modes of operation. (NB-loT operates independently in standalone mode
(right). The GSM channels are shown only to illustrate coexistence.)

2.3 Multicarrier Test Scenarios

Multicarrier configurations are a significant portion of LTE-A according to Rel. 12.
These allow multiple carriers (even those using a different radio access technology) to
be transmitted simultaneously, but independently of one another, from a single base
station (multicarrier, MC). Another special attribute of LTE-A is the ability to link
multiple carriers using carrier aggregation (CA). This allows an increase in the data
rate to an individual subscriber (user equipment, UE). Overlapping of adjacent carriers
is also possible, making more effective use of the bandwidth.

1MA154_9e Rohde & Schwarz 7



General Transmitter Test Information

A distinction is made between the following CA scenarios:
1 Intra-band contiguous

1 Inter-band non-contiguous

2.3.1 Intra-band Contiguous Carrier Aggregation

In this scenario, multiple carriers are transmitted in parallel within a single bandwidth of
an LTE operating band (bands 1 to 32 and 65 to 68 for FDD and 33 to 46 for TDD; see
[1]). Fig. 2-2 defines carrier aggregation. For a complete list see Table 5.5-2 in [1]. The
notation is CA_x where x defines the used band (example CA_1).

Aggregated Channel Bandwidth, BWchannei_ca [MHZ]
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For each carrier, the center sub carrier (corresponds
to DC in baseband) is not transmitted in downlink

Fig. 2-2: Definition of intra-band carrier aggregation [1].

The distance between the individual carriers is calculated as follows:

BWChanneI_l + B\NChanneI_z - 0':I"B\/\/Channel_l - BWChanneI_Z
0.6

0.3

Fig. 2-3: Possible offset between two carriers.

2.3.2 Intra-band Non-contiguous Carrier Aggregation
In this scenario, multiple non-contiguous carriers are transmitted in parallel within a

single bandwidth of an LTE operating band. Fig. 2-4 defines the sub-block bandwidth
for a base station operating in non-contiguous spectrum. For a complete list with two

1MA154_9e Rohde & Schwarz 8
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sub-blocks see Table 5.5-4 in [1]. The notation is CA_x_x where x defines the used
band (example CA_2 2).

Sub-block Bandwidth, BWeiunmaisiec [MHZ] Sub-block Bandwidth, BWcnanneisiocd [MHZ]
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\\—_ Sub block 1 Sub block n __’_/

Base Station RF Bandwidth

Fig. 2-4: Definition of intra-band non-contiguous carrier aggregation [1].

2.3.3 Inter-band Non-contiguous Carrier Aggregation

Carrier aggregation is also possible across multiple frequency bands. The notation is
the same as for intra-band CA. For example, CA_1-3 refers to band 1 and band 3,
CA_2-2-5 to band 2 (with two sub-blocks) and band 5. For three or four bands, the
notation is analog. For a complete list see tables 5.5-3 for two bands, 5.5-3A for three
bands and 5.5-3B for four bands in [1].

2.3.4 Test Scenarios for Multicarrier and/or CA Tests
The various test configurations ETC1 to ETC5 for multicarrier and/or CA tests can be

found in TS36.141 Chapter 4.10 [1]. Table 2-1 gives an overview of the test
configurations.

1MA154_9e Rohde & Schwarz 9
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Overview of Test Configurations

Section Test Description
Configuration

2341 ETC1 Contiguous spectrum operation
- ETC2 Contiguous CA occupied bandwidth
2.3.4.2 ETC3 Non-contiguous spectrum operation
2.3.4.3 ETC4 Multi-band test configuration for full carrier aggregation
2344 ETC5 Multi-band test configuration with high PSD per carrier
2.3.45 ETC6 NB-loT standalone
2.3.4.6 ETC7 E-UTRA and NB-IoT standalone
2.3.4.7 ETC8 E-UTRA and NB-IoT in-band
2.3.4.8 ETC9 E-UTRA and NB-IoT guard band

Table 2-1: Overview of test configurations for multicarrier and/or CA tests

ETC2 is not described in this application note, as the test configuration only explains all
carrier combinations that are possible for CA tests.

Contiguous spectrum operation (ETC1)

To make transmitter tests easy and comparable, the ETC1 test configuration in
TS36.141 Chapter 4.10 [1] defines multicarrier and/or CA test scenarios. All Tx tests,
with the exception of the occupied bandwidth test, follow these basic steps:

1 Within the maximum available bandwidth, the narrowest supported LTE carrier is
placed at the lower edge.

1 A 5 MHz carrier is placed at the upper edge.

1 The remaining free spectrum, starting from the right, is filled with 5 MHz carriers
until no more carriers fit into the remaining bandwidth.

1 If the base station does not support 5 MHz carriers, then the narrowest supported
carrier is used instead.

The offset to the edges is as shown in Table 2-2. There are no precise
specifications for the bandwidths 1.4 MHz and 3 MHz.

Definition of Foiset

Channel bandwidth [MHz] Foftset [MHZ]
1.4,3.0 Not defined
5, 10, 15, 20 BWchannel/2

Table 2-2: Calculation of Foset

Example

The process for multicarrier configuration is explained based on an example (fictitious)
base station using the following parameters:

Rohde & Schwarz 10
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1 Aggregated channel bandwidth (BW channel_ca) = 20 MHz
1 Support for 1.4 MHz and 5 MHz

1. The 1.4 MHz carrier is placed at the lower edge; the offset is not defined. Foffset =
0.7 MHz is used.

2. The first 5 MHz carrier is placed at the upper edge at an offset of 2.5 MHz.

3. The remaining two 5 MHz carriers are placed following the above formula at an
offset of 4.8 MHz from the adjacent carrier to the right (carrier aggregation, CA).
No additional carriers fit in the spectrum, leaving a free area of 4 MHz (Fig. 2-5).

BWcehannel_ca

>
20 MHz :

|

|

I

5 MHz 5 MHz 5 MHz l

Carrier Carrier  CAchannel  Carrier |

Foffset_low ! ! spacing ! Foﬁset_high !
= e

' 4.8 MHz '

Free spectrum

4.0 MHz

|
|
Fc low Fcs Fc 2 Fc high !
|

Fedge_low Fedge_high

Fig. 2-5: Example MC scenario. BWchanne_ca iS 20 MHz. One 1.4 MHz carrier and three 5 MHz carriers
fit into the 20 MHz bandwidth.

2.3.4.2 Non-contiguous spectrum operation (ETC3)

The ETC3 test configuration in TS36.141 Chapter 4.10 [1] describes test scenarios that
are constructed on a per band basis. All Tx tests, with the exception of the occupied
bandwidth test, follow these basic steps:

1 Within the maximum available bandwidth for non-contiguous spectrum operation,
locate two sub-blocks at the edges of the bandwidth with one sub-block gap in
between.

1 A5 MHz carrier is placed at the upper edge of the bandwidth.

1 A 5 MHz carrier is placed at the lower edge of the bandwidth.

1MA154 9e Rohde & Schwarz 11
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If the base station does not support 5 MHz carriers, then the narrowest supported
carrier is used instead.

The offset to the edges and to the sub-block gap is as shown in Table 2-2.

Example

The process for non-contiguous spectrum operation is explained based on an example
(fictitious) base station using the following parameters:

4,

RF channel bandwidth (BWchannel_rF) = 20 MHz
Support for two 5 MHz carriers

One 5 MHz carrier is placed at the upper edge. The offset is defined according to
Table 2-2. Foftset = 2.5 MHz.

Another 5 MHz carrier is placed at the lower edge at an offset of 2.5 MHz.

Sub-block 1 and 2 consist of one carrier each, with a sub-block gap of 10 MHz in
between (Fig. 2-6).

BWenaeras_pr

:-d -
: 20 MHz

] Sub-block 1 Gap Sub-block 2

: 5 MHz i 10 MHz 5 MHz

| Carrier i Carrier

I ]

1 1

I
l

1MA154_9e

Fomset_tow

e S )

! |
Fc_uw I
i

Fig. 2-6: Example for non-contiguous spectrum operation. BWchannel rr is 20 MHz. Two 5 MHz carriers
are located in the 20 MHz bandwidth with one sub-block gap of 10 MHz in between.
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2.3.4.3 Multiband test configuration for full carrier allocation (ETC4)

The purpose of the ETC4 test configuration in TS36.141 Chapter 4.10 [1] is to test
multiband operation aspects considering maximum supported number of carriers. It is
constructed using the following method:

The supported operation bands for Tx tests with the available bandwidths are
chosen according to TS36.141 Chapter 5.5 [1].

The declared maximum number of supported carriers in multiband operation is
equal to the number of carriers each supported operation band.

Carriers are first placed at the upper and lower edges of the declared maximum
radio bandwidth. Additional carriers shall next be placed at the edges of the RF
bandwidths, if possible.

The allocated RF bandwidths of the outermost bands shall be located at the upper
and lower edges of the declared maximum radio bandwidth.

Each band is independent and the carriers within the bands are located according
to the tests for contiguous spectrum operation.

Example

The process for multiband test configuration for full carrier allocation is explained
based on an example (fictitious) base station using the following parameters:

1MA154_9e

Radio channel bandwidth (BWRradio) = 365 MHz

Support for bands 1 and 3. Band 1: 2110 MHz — 2170 MHz;
Band 3: 1805 MHz — 1880 MHz

Fc_low 3= 1805 MHz, Fc_nigh B3 = 1880 MHZz; Fc_jow B1 = 2110 MHZz, Fc_nigh B1 =
2170 MHz.

BWRF lower = 75 MHz according to band 3; BWRrF _upper = 60 MHz according to band
1.

In total, two 1.4 MHz carriers and two 5 MHz carriers are located in band 1 and
band 3 according to the example for contiguous spectrum operation. Theoretically,
more carriers can be used.

Each band consists of two sub-blocks and one gap in between (Fig. 2-7).

Rohde & Schwarz 13



General Transmitter Test Information

BWgago
- >
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Fig. 2-7: Example multiband test configuration for full carrier allocation. BWhgadio is 365 MHz. In total,
two 1.4 MHz and two 5 MHz carriers are located in band 1 and band 3.

2.3.4.4 Multiband test configuration with high PSD per carrier (ETC5)

The purpose of the ETCS5 test configuration in TS36.141 Chapter 4.10 [1] is to test
multiband operation aspects considering higher power spectrum density (PSD) cases
with reduced number of carriers. It is constructed using the following method:

1 The supported operation bands for Tx tests with the available bandwidths are
chosen according to TS36.141 Chapter 5.5 [1].

1 The maximum number of carriers is limited to two per band.

1 Carriers are first placed at the upper and lower edges of the declared maximum
radio bandwidth. Additional carriers shall next be placed at the edges of the RF
bandwidths, if possible.

1 The allocated RF bandwidths of the outermost bands shall be located at the upper
and lower edges of the declared maximum radio bandwidth.

1 Each band is independent and the carriers within the bands are located according
to the tests for non-contiguous spectrum operation.

Example

The process for multiband test configuration with high PSD per carrier is explained
based on an example (fictitious) base station using the following parameters:

1 Radio channel bandwidth (BWRradio) = 365 MHz

1MA154 9e Rohde & Schwarz 14
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1 Support for bands 1 and 3. Band 1: 2110 MHz — 2170 MHz;
Band 3: 1805 MHz — 1880 MHz

5. Fc_ow 3= 1805 MHz, Fc_nigh B3 = 1880 MHZz; Fc_low 1= 2110 MHz, Fc_nigh B1 =
2170 MHz.

6. BWRF_ ower = 75 MHz according to band 3; BWRF_upper = 60 MHz according to band
1.

7. Intotal, four 5 MHz carriers are located in band 1 and band 3 according to the
example for contiguous spectrum operation.

8. Each band consists of two sub-blocks and one gap in between

BWradio -
|
|

Band 3 Band 1 :
> - >
BWRF_lower : : BWRF_UPDef i

I I
5 MHz | | 5MHz 5 MHz|
Gap Carrier | Carrier Gap Carrier|
Ll | I ( | |

|

65 MHz : 50 MHz

I

||

||

|

|

I

|

))
1L [ " [ oy
:FC_Iow_B3 Fc_nigh_B3 Fc_tow_s1 Fc_nigh_g1]
: I
Fedge_low Fedge_high

Fig. 2-8: Example multiband test configuration with high PSD per carrier. BWRadio is 365 MHz. In

total, four 5 MHz carriers are located in band 1 and band 3.

2.3.4.5 NB-loT standalone multi-carrier operation (ETC6)

1MA154_9e

1 Place a NB-IoT carrier at the upper edge and a NB-loT carrier at the lower Base
Station RF Bandwidth edge.

1 For transmitter tests, add NB-loT carriers at the edges using 600 kHz spacing until
no more NB-IloT carriers are supported or no more NB-IoT carriers fit.

1 Set the power of each carrier to the same level

Example

The process for multiband test configuration for NB-loT standalone is explained based
on an example (fictitious) base station using the following parameters:

1. Aggregated channel bandwidth (BWchannel_rF) = 10 MHz

Rohde & Schwarz 15
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2. The basestation supports 8 carriers

3. A NB-IoT carrier is placed at the upper edge; the offset is not defined. Fofiset =
0.1 MHz is used.

4. A NB-loT carrier is placed at the lower edge at an offset of 0.1 MHz.
5. The remaining six NB-loT carriers are placed with an offset of 600 kHz. (Fig. 2-9).

BWChﬁnne\_RF

A
Y

1
! i
: 10 MHz |

|
! |
! |
: l
|
: NB-loT NB-loT |
I
! I
1
I Fottset_tow ' : Foffsetﬁmgh

—> — l-di
! |
! |
! |
! I
! |
! |
! |
! |
! |
! |
! |
! |
! l
! I
! I
! I
! |
! I
! |
! |
! |
! |
: |

|

! |

| T !

| 1 | 600 kHz !

Po—w e !

: I | |
Fedge_low FEdBEJ“iQh

Fig. 2-9: Example for NB-1oT standalone multi-carrier

2.3.4.6 E-UTRA and NB-loT standalone multi-carrier operation (ETC7)

1 Receiver Tests

. Place a NB-1oT carrier at the lower edge and a 5 MHz carrier at the upper
Base Station RF Bandwidth edge. If the BS does not support 5 MHz channel
BW use the narrowest supported BW.
1 Transmitter Tests, if BS supports only one NB-IoT carrier

= Add additional E-UTRA carriers of the same bandwidth as the already
allocated E-UTRA carriers in the middle if possible. Set the power of each
carrier to the same level
1 Transmitter Tests, if BS supports more than one NB-l0T carrier

. Place a NB-IoT carrier at the upper edge and a NB-IoT carrier at the lower
Base Station RF Bandwidth edge.

= Place two 5 MHz E-UTRA carriers in the middle of the Base Station RF
Bandwidth. If the BS does not support 5 MHz channel BW use the narrowest
supported BW, if only one carrier is supported or two carriers do not fit place
only one carrier.

= Add NB-IoT carriers at the edges using 600 kHz spacing until no more NB-
loT carriers are supported or no more NB-IoT carriers fit.
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= Add additional E-UTRA carriers of the same bandwidth as the already
allocated E-UTRA carriers in the middle if possible.
Example

The process for LTE and NB-loT multi-carrier test configuration is explained based on
an example (fictitious) base station using the following parameters:

1. Aggregated channel bandwidth (BWchannel_rF) = 25 MHz
2. The basestation supports 8 NB-loT carriers

3. A NB-IoT carrier is placed at the upper edge; the offset is not defined. Fofiset =
0.1 MHz is used.

4. A NB-IoT carrier is placed at the lower edge at an offset of 0.1 MHz.
5. Two LTE carriers of 5 MHz are placed in the middle.

6. The remaining six NB-loT carriers are placed with an offset of 600 kHz. (Fig.

2-10).
BWenannel_rF
[ o)
- -]
! 25 MHz |
I
! I
I
! LTE LTE |
I NB-loT 5 MHz 5 MHz NB-loT :
! I
! I
: . FO"Set—IOW . : Foffsetfhigh
- I
| |
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! |
! I
! I
! |
! I
! | 600 kHz ' ' ! |
| Fcs Fmid Fc 2 !
| 1 1 |
i
Fedge_law Fedge_h\gh

Fig. 2-10: Example for LTE and NB-loT standalone multi-carrier operation

2.3.4.7 E-UTRA and NB-IoT in-band multi-carrier operation (ETC8)

1 Place a 5 MHz carrier at the lower Base Station RF Bandwidth edge and a NB-IoT
PRB at the outermost in-band position at the lower edge 5 MHz carrier.
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1 Place a 5 MHz carrier at the upper Base Station RF Bandwidth edge. If the
basestation supports more than one NB-1oT catrrier, place a NB-loT PRB at the
outermost in-band position of the upper 5 MHz carrier.

1 For transmitter tests, select as many 5 MHz E-UTRA carriers that the BS supports
and that fit in the rest of the Base Station RF Bandwidth. Place the carriers
adjacent to each other starting from the high Base Station RF Bandwidth edge.
The nominal carrier spacing defined in the formula of Fig. 2-3 shall apply

1 If 5 MHz E-UTRA carriers are not supported by the BS the narrowest supported
channel BW shall be selected instead.

1 Set the power of each carrier to the same level

Example

The process for in-band E-UTRA and NB-IoT in-band multi carrier test configuration is
explained based on an example (fictitious) base station using the following parameters:

1. Aggregated channel bandwidth (BWchannel_rF) = 25 MHz
2. The basestation supports 2 NB-loT carriers

3. One 5 MHz LTE carrier with in-band NB-IoT carrier is placed at the upper edge
and one is placed at the lower edge.

4. The remaining two 5 MHz carriers are placed following the above formula at an
offset of 4.8 MHz from the adjacent carrier to the right (carrier aggregation, CA).
No additional carriers fit in the spectrum (Fig. 2-11).

BWchannel RF

25 MHz

5 MHz

Fedge,\uw Fedge_high

Fig. 2-11: Example for NB-loT in-band multi-carrier
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2.3.4.8 E-UTRA and NB-loT guard-band multi-carrier operation (ETC9)

1MA154_9e

Place a 10 MHz carrier at the lower Base Station RF Bandwidth edge and a NB-
IoT PRB at the outermost guard-band position at the lower edge 10 MHz carrier.

Place a 10 MHz carrier at the upper Base Station RF Bandwidth edge. If the
basestation supports more than one NB-1oT catrrier, place a NB-loT PRB at the
outermost guard-band position of the upper 10 MHz carrier.

For transmitter tests, select as many 10 MHz E-UTRA carriers that the BS
supports and that fit in the rest of the Base Station RF Bandwidth. Place the
carriers adjacent to each other starting from the high Base Station RF Bandwidth
edge. The nominal carrier spacing defined in the formula of Fig. 2-3 shall apply

If 10 MHz E-UTRA carriers are not supported by the BS the narrowest supported
channel BW shall be selected instead.

Set the power of each carrier to the same level

Example

The process for in-band E-UTRA and NB-1oT guard-band multi carrier test
configuration is explained based on an example (fictitious) base station using the
following parameters:

1.
2.
3.

Aggregated channel bandwidth (BW channel_rF) = 50 MHz
The basestation supports 2 NB-10T carriers

One 10 MHz LTE carrier with guard-band NB-I0T carrier is placed at the upper
edge and one is placed at the lower edge.

The remaining two 10 MHz carriers are placed following the above formula at an
offset of 9.6 MHz from the adjacent carrier to the right (carrier aggregation, CA).
No additional carriers fit in the spectrum (Fig. 2-11).
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Fig. 2-12: Example for NB-loT guard-band multi-carrier

2.4 Tx Test Setup

Fig. 2-13 shows the basic setup for the Tx test. An FSx is used to perform the test. An
attenuator connects the FXs to the DUT. An external trigger is additionally required for
some tests (such as TDD tests). In several tests, the SMx feeds an additional signal
via a circulator. A few tests (on/off power and time alignment) require special setups;
these are described in the respective sections.
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2.5

Trigger
RS R SR
|
|
|
|
|
1
Notch Filter/
Circulator O—>> Diplexer O
@ Tx frequency
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Attenuator
Base station ( Isolator
DUT
demonstration
RX

Fig. 2-13: Basic Tx test setup; some tests require a special setup.

Instruments and Options

Several different spectrum analyzers can be used for the tests described here:
1 FSW

1 FSV(A)

1 FPS

The E-UTRA/LTE measurements software option is available for each of the listed
analyzers. The following are needed for the Tx tests:

1 FSx-K100 E-UTRA/LTE FDD downlink measurements
1 FSx-K102 E-UTRA/LTE downlink MIMO measurements
1 FSx-K104 E-UTRA/LTE TDD downlink measurements

The E-UTRA/LTE NB-loT downlink measurements software option is available for
the FSW and for the other analyzers in the VSE.

1 FSW-K106 E-UTRA/LTE NB-loT downlink measurements
1 VSE-K106 E-UTRA/LTE NB-loT measurements

A few tests require additional signals; for example, to simulate adjacent carriers. These
are provided via vector signal generators. The following are suitable:
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1 SMW
1 SMBV

One of the tests (Home BS output power with co-channel LTE and option 2) requires
two LTE signals. These signals can be generated by using a two-path generator or by
adding a generator. The following software options are required:

1 SMx-K55 LTE

1 SMx-K115  Cellular IoT (here NB-IoT)
1 SMx-K42 W-CDMA

1 SMx-K62 AWGN

Table 2-3 gives an overview of the required instruments and options.
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2.6

Instruments and options
LTE NB-loT Interferer Simulation
Humber Measurement
m ,g_ o ,g_ o ‘g- = ,gi = = 5 =
i - = N - S z
ris i o i
6 Transmitter Tests
6.2 Basestation output power ) & & & &
6.2.6 |Home BS with adjacent W-CDMA ) & & & K-42, K-62 o
6.2.6 |Home BS with adjacent LTE ) & & & K-55, K-62 o
6.2.6 |Home BS with co-channel LTE ) & & & p:r?g}(zfgg
5.3 Qutput power dynamics
6.3.2 |Total power dynamic range ] & & e
6.3.3. |NB-loT RB dynamic range M
6.4 Transmit ON/OFF ] & 3 -ve
6.5 Transmitted signal quality
6.5.1 |Frequency errar | & 8 | &
6.5.2 |Error vector magnitude E § § E &
653 |Time alignment | & & ®= | &
654 |DLRS power ) & & | o
6.6 Unwanted emissions
6.6.1 |Occupied bandwidth B B L0
B.62 |ACLR M| & | & ~ &
6.6.3 |Operating band unwanted emissions ] & 3 M -ve
G.6.4 |Transmitter spurious emissions B B el
6.7 Transmitter intermaodulation c c & K-55, K-115 e
-ﬁ needed forthe measurement B uses basicfunction of Spectrum Analyzer
E can do the measurement C  Combined measurements: ACLR, SEM and Spurious emissions

£~ needed for demonstration program

Table 2-3: Overview of required instruments and software options

Notes:
1 6.2.6 Home BS co-channel LTE: Simulation requires 3 LTE signals

1 6.3.3 not implemented yet

Multistandard Radios and TS 37.141

TS 37.141 applies when more than one radio access technology (RAT) is supported on
a signal base station (multi-RAT). The conformance specifications overlap for some Tx

Rohde & Schwarz 23



General Transmitter Test Information

tests, which can alternatively be performed in line with 37.141. See TS37.141 [5] and
Chapter 4.9 from TS36.141 [1]. Refer also to the application note Measuring
Multistandard Radio Base Stations according to TS 37.141 [6].

TS36.141 and TS37.141

RF requirement Clause in TS36.141 Clause in TS 37.141
Base station output power 6.2.5 6.2.1.5

Transmit ON/OFF power 6.4 6.4

Transmitter spurious emissions 6.6.4.5 6.6.1.5

Operating band unwanted emissions 6.6.3.5.1,6.6.3.5.2 6.6.2.5

Transmitter intermodulation 6.7.5 6.7.5.1

Table 2-4: Overlaps between TS36.141 and TS37.141
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Transmitter Tests (Chapter 6)

Specification TS36.141 defines the tests required in the various frequency ranges
(bottom, middle, top, B M T) of the operating band. The same applies for multicarrier
scenarios. In instruments from Rohde & Schwarz, the frequency range can be set to
any frequency within the supported range independently of the operating bands.

In order to allow comparisons between tests, test models (TMs) standardize the
resource block (RB) allocations. For LTE, these are called enhanced TMs (E-TM) to
differentiate them from the TMs for W-CDMA. The E-TMs are stored as predefined
settings in instruments from Rohde & Schwarz.

Table 3-1 and Table 3-2 provide an overview of the basic parameters for the individual
tests. The chapter in TS36.141 and the corresponding chapter in the application note
are both listed. Both the required E-TMs and the frequencies to be measured (B M T)
are included. There is also a column listing the single carriers (SC) and multicarriers
(MC) to be used for the test. The following terms are used:

1 Any: Any supported channel BW
1 Max: The maximum supported channel BW
1 EVM: Error Vector Magnitude

1 C Spectrum: The base station is capable of multi-carrier and/or CA operation in
contiguous spectrum for single band. ETC2 is only applicable when contiguous
CA is supported.

1 C and NC Multi-carrier/CA: The base station is capable of multi-carrier and/or CA
operation in contiguous (C) and non-contiguous (NC) spectrum for single band. It
is distinguished between same parameters and different parameters when
regarding contiguous and non-contiguous operations. The test configurations are
for both cases, if not pointed out differently. ETC2 is only applicable when
contiguous CA is supported.

1 Multi-band: For multi-band operations, multiple bands are either mapped on
common antenna connectors or mapped on separate antenna connectors. If not
pointed out differently, the test configurations are for both cases. ETC1 and/or
ETC 3 shall be applied in each supported operating band. ETC2 is only applicable
when contiguous CA is supported.

1 SC: For C Spectrum, C and NC Multicarrier/CA and multi-band operations, single
carrier (SC) means that every carrier is regarded individually for measurement.

1 The occupied bandwidth shall be measured using several different MC
combinations.
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Basic parameter overview, part 1

Chapter | Chapter | Name Test Channels | Single- Multi-Carrier: Comment
TS36.141 AppNote models Carrier C Spectrum
C and NC Multi-carrier/CA
Multi-band
6.2 3.2 BS Max Output Power E-TM1.1 BMT Max SC ETC1
ETC1, ETC3*
ETC1/3** ETC4
6.2.6 3.21 Home BS Output Power adjacent W-CDMA  E-TM1.1 M Any SC -
(TM1)
6.2.7 Home BS Output Power adjacent LTE E-TM1.1 M Any SC -
(E-TM1.1)
6.2.8 Home BS Output Power co-channel LTE E-TM1.1 M Any SC -
(any)
6.3.2 3.3.1 Total Power Dynamic Range E-TM3.1 BMT Any SC SC
E-TM2 SC
SC
6.4 3.4 Transmit ON/OFF Power E-TM1.1 M Max SC ETC1 TDD only
ETC1, ETC3*
ETC4
6.5.1 351 Frequency Error E-TM3.1 BMT Any SC Tested with EVM
E-TM3.2 Tested with EVM
E-TM3.3 Tested with EVM
6.5.2 Error Vector Magnitude (EVM) E-TM2 Any SC ETC1
ETC1, ETC3*
ETC1/3,ETC4
6.5.3 3.5.2 Time Alignment Error E-TM1.1 M Max SC ETC1 TX, MIMO
ETC1, ETC3* CA
ETC1/3,ETC5***
6.5.4 3.5.3 Reference Symbol Power E-TM1.1 BMT Any SC SC
SC
SC
6.6.1 3.6.1 Occupied Bandwidth E-TM1.1 BMT Any SC SC,ETC2 Different
SC,ETC2 MCs
SC,ETC2
6.6.2 3.6.2 Adjacent Channel Leakage Power (ACLR) E-TM1.1 BMT Any SC ETC1
E-TM1.2 ETC1*ETC3
ETC1/3,ETC5
6.6.2.6 3.6.2 Cumulative ACLR requirement in non- Any SC -
contiguous spectrum ETC3
ETC3,ETC5**
*Note: Applicable only for different parameters

**Note:  Applicable only for common antenna connector

***Note: ETCS5 is only applicable when inter-band CA is supported
Table 3-1: Basic parameter overview, part 1
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Basic parameter overview, part 2

Chapter | Chapter 'Name Test Channels | Single- Multi-Carrier: Comment
TS36.141 AppNote models Carrier C Spectrum
C and NC Multi-carrier/CA
Multi-band
6.6.3 3.6.3 Operating Band Unwanted Emissions E-TM1.1 BMT Any SC ETC1
(SEM) E-TM1.2 ETC1,ETC3
ETC1/3,ETC5
6.6.4 3.64 Transmitter Spurious Emissions E-TM1.1 BMT Any SC ETC1
ETC1* ETC3
ETC1/3,ETC5
6.7 3.7 Transmitter Intermodulation E-TM1.1 BMT Max SC ETC1
Analog to 6.6
ETC1/3
*Note: Applicable only for different parameters

**Note:  Applicable only for common antenna connector
Table 3-2: Basic parameter overview, part 2

When measuring unwanted transmission according to chapter 3.6 or transmitter
intermodulation according to chapter 3.7 for multi-band with separate antenna
connectors, single-band requirements apply to each antenna connector for both multi-
band operation test and single band operation test. Other antenna connectors are
terminated for single-band operation tests.

For ACLR and CACLR measurement, it is possible that ETC5 is only applicable for
Inter RF bandwidth gap.
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Basestations with NB-10T support

Overview Test with NB-loT

Chapter | Chapter |Name Single Muli-carrier | Muli-carrier Muli-carrier | Muli-carrier

TS36.141 | AppNote Carrier NB-loT NB-loT/LTE  NB-loT/LTE |NB-loT/LTE
NB-loT Standalone | Standalone In-band In-band
Standalone and /or

guard-band

6.2 3.2 Base station output power N-TM ETC6 ETC7 ETC8 ETC9

6.3 Output power dynamics

6.3.1 3.3.1 RE Power control dynamic range N/A N/A With EVM With EVM With EVM

6.3.2 3.3.2 Total power dynamic range N/A N/A SC SC SC

6.3.3 3.3.3 NB-loT RB power dynamic range | N/A N/A N/A SC SC

6.4 34 Transmit ON/OFF power N/A N/A N/A N/A N/A

6.5 Transmitted signal quality

6.5.1 Frequency error With EVM With EVM With EVM With EVM With EVM

6.5.2 3.5.1 Error Vector Magnitude N-TM ETC6 ETC7 ETC1 ETC1

6.5.3 3.5.2 Time alignment error N-TM ETC6 ETC7 ETC1 ETC1
TxDiversity

6.5.4 35.3 DL RS power N-TM SC SC SC SC

6.6 Unwanted emissions

6.6.1 3.6.1 Occupied bandwidth N-TM SC SC SC SC

6.6.2 3.6.2 ACLR N-TM ETC6 SC ETC8, ETC1 ETC9, ETC1

6.6.3 3.6.3 SEM N-TM ETC6 ETC7 ETC8, ETC1 ETCY9, ETC1

6.6.4 3.6.4 Transmitter spurious emissions N-TM ETC6 ETC7 ETC8 ETC9

6.7 3.7 Transmitter intermodulation N-T™M ETC6 ETC7 ETC8 ETC9

Table 3-3: NB-loT

3.1 Basic Operation

3.1.1 FSx Spectrum and Signal Analyzer

LTE

Most of the tests described here follow the same initial steps. They are explained here
once:

1. Launch the LTE test application: Press the MODE hardkey. Select LTE.
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~ 10dB SWT 8ms VBW 3MHz Mode

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer

New
Spectrum 1xEV-DO BTS 1xXEV-DO MS 3G FDD BTS 3G FDD UE
Replace &
Anal Demod CDMAZ2000 BTS CDMA2000 MS GSM IQ Analyzer
Channel
m
LTE MC Gr Delay Noise Phase MNoise Pulse
(&™) ="
TD-SCDMA BTS TD-SCDMA UE VSA WLAN

Duplicate
Current Channel

Fig. 3-1: FSW: launching the LTE option.

2. Choose Downlink as the direction

3. Set the duplex mode (FDD or TDD)

4. Select the wanted test model (E-TM) (example: 10 MHz with E-TM1.1)

Signal Description MIMO Setup PDSCH Settings Advanced Settings

FDD Downlink Test Model: E-TM1_1__ 10MHz,allocation

Channel Bandwidth 10MHz{50 RB) Sample Rate 15.36 MHz QOccupied BW 9.015 MHz

Cyclic Prefix FFT Size 1024 QOcc Carriers 601

Auto Detection Cell ID

Cell Identity Group Identity

Fig. 3-2: FSW: setting duplex mode, direction, and test model.

Tx tests can be fundamentally divided into demodulation tests and spectrum
measurements. In demodulation tests, the LTE signal is acquired and then various test
results are calculated based on the I/Q data. Spectrum measurements determine the
level versus frequency of a selected signal. Fig. 3-3 shows the available selection in
the FSW.
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elect Measuremen - T

3GPP Signal Quality /Power

EVM/Frequency Err/Power

Time Alignment Error

Transmit ON/OFF Power

3GPP Unwanted Emissions

[

Channel Power ACLR
Spectrum Emission Mask
Fig. 3-3: FSW: selecting the LTE tests (On/Off power is available only for TDD).

For MC scenarios a special MC filter is available for the demodulation tests. It can be
set under DEMOD. The filter minimizes influences from adjacent carriers:

Descramble Coded Bits

Use Multicarrier Filter
(Multicarrier BS)

Decode All
Control Channels

MIMO EvM

Compensate Crosstalk M
Calculation Method EVM 3GPP Definition

PDSCH

Reference Data autolletcck

Fig. 3-4: Enabling the MC filter.

An FSW is used whenever possible in the sections below to illustrate the test
examples. Special settings such as external triggers for TDD signals are discussed in
the individual sections.

5. Setthe frequency

6. Setthe attenuation and reference level (these settings are available via hardkey
AMPT)
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Fig. 3-5 shows the LTE demodulation measurement in the FSW.

MultiView =2 Spectrum LTE

Mode DL FI ms  Subframe Al
MIMO 1 ; ]

o Power Spectrum

'rv-«-v-'mmTw—»-mw
| |
0.0 ms 2.01 ms/ 20.1ms | -3.84 MHz==768.0 kHz/ 3.84MHz | -3.84MHz 768.0 kHz/ 3.84 MHz
2 Result Summary — 4 Constellation Diagram

Max Limit Min Poi

0.86 2.50 0.86

LR PR ST ISR G-

Subframes All, Selection Ant 1, Frame Results
0.85 0.91
0.85 0.91
0.81 0.87

0.83
0.37
-57.57
-0.00
0.02
-58.47
-33.70
-33.89
-33.76

Sync Found

Fig. 3-5: LTE overview in the FSW: Under Result Summary (bottom left), the test values are
summarized in scalar form.

NB-loT

Measurements on basestations capable of NB-1oT require an additional firmware
option on the FSW (FSW-K106: NB-1oT Downlink) or the VSE with option VSE-K106.

Most of the tests described here follow the same initial steps. They are explained here
once:

1. Launch the NB-loT test application
Press the MODE hardkey. Select NB-IoT.
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LTE x* (NB IoT e:

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer Multi-Standard Real-Time

New . =50 3
e 9
Spectrum Real-Time Spectrum 1XEV-DO BTS 1xXEV-DO MS 3G FDD BTS
Replace [E
Current 3G FDD UE 802.11ad Am| T Analog Demod Avionics
Channel
&
CDMA2000 BTS CDMA2000 MS DOCSIS 3.1 GSM IQ Analyzer

=
LTE MC G elay NB-IoT Noise OneWeb
Phase Noise Pulse S TD-SCDMA BTS TD-SCDMA UE
Transient Analysis VSA WLAN

B > B

Duplicate
Current Channel

Fig. 3-6: FSW: launching the LTE option.
2. FDD Downlink is the only possible direction

3. Select the wanted Deployment: Stand-alone, inband or guard band
Foignal pescription i e Lad RSN RN NS TGN & R ——

Signal Description MIMO Setup Advanced Settings

Mode FDD Downlink

Deployment Inband

Physical Settings

E-UTRA Center Frequency |PaRNcigPs NB-IoT Channel Bandwidth 200 kHz

E-UTRA Channel

Bandwidth 10MHz(50 RB) M NB-IoT Center Frequency 2.1063025 GHz

E-UTRA CRS

Sequence Info M Sample Rate 7.68 MHz Occupied BW  180.0 kHz

E-UTRA PRB Index d FFT Size 128 Occ Carriers 12

Auto Detection

NCell Identity Group NCell ID Identity

Fig. 3-7: FSW: setting deployment, channel bandwidth and frequency.

4. Set the frequency and for inband or guard band deployments the E-UTRA channel
bandwidth and the CRS Sequence Info. Alternatively, just set the wanted PRB
index. The firmware calculates and sets the NB-10T frequency automatically.

5. For Demodulation measurements the firmware automatically detects the used N-
TM.
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Tx tests can be fundamentally divided into demodulation tests and spectrum
measurements. In demodulation tests, the NB-10T signal is acquired and then various
test results are calculated based on the I/Q data. Spectrum measurements determine
the level versus frequency of a selected signal. Fig. 3-3 shows the available selection
in the FSW.

FOR e -3.8325 MHz 7 kHz/ 3.8475 M @

:'?'Selec_:t..[\ﬂg_as.urement —

sHian Niasneram

3GPP Signal Quality /Power 3GPP Unwanted Emissions
T

EVM/Frequency Err/Power Spectrum Emission Mask

Fig. 3-8: FSW: selecting the NB-loT tests.

6. Setthe attenuation and reference level (these settings are available via hardkey
AMPT)

Fig. 3-9 shows the NB-loT demodulation measurement in the FSW.

=z

Fig. 3-9: NB-loT overview in the FSW: Under Result Summary (bottom left), the test values are
summarized in scalar form.
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3.1.2 SMx Vector Signal Generator

The SMXx is used here to generate additional LTE or W-CDMA signals, such as
interferers or adjacent channel signals. Only the basic steps for LTE are provided here.
Several special settings are needed for the individual tests. Significantly different
settings, such as those for W-CDMA, are discussed directly in the corresponding
chapters.

1. Setthe center frequency and the levels (Freq and Lev)(Fig. 3-10)
2. Select the LTE standard in baseband block A (E-UTRA/LTE) (Fig. 3-11)

2.140 000 000 00/s+- |85 '6?%’ |
1.000 000 000 00/st= | 87 |1/ %3fle

1IQ Mod A
Baseband A Fading A AWGN A
= On
— (Jon |[—E—| (Jon (Jon U
J ’gw"lsx IstdDel lawen | s
Q 1IQ DigitalA|  BBMM 1
CODER 1 || BB InputA f [ Jon -\v
- [ Jon r =
e = "
a Q0 1/Q OUT 112
m —;g;o =
coper2 | BB InputB M
[ Jon . IQ Digital B BBMM2
el (Jon B
e
Baseband B Fading B AWGN B f
11Q Mod B RFB
I On On On
‘ ,I,D D\ U (Jon || (Jon @ﬂ
c| [Msk |std Del |aweN =

Fig. 3-10: SMW: Setting the frequency and level. Digital standards such as LTE are set in the
baseband block.
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TDMA Standards ‘
GSM/EDGE...

Bluetooth... ‘

TETRA...

(DMA Standards
3GPP FDD...

CDMA2000...
TD-SCDMA...

1xEV-DO...

WLAN Standards
|IEEE 802.11...

Beyond 3G Standards
IEEE 802.16 WIiMAX...

Broadcast Standards
DVB...

Fig. 3-11: SMW: selecting LTE in the baseband block.

3. Make the basic settings such as Duplexing (FDD or TDD) and the Link Direction
(normally Downlink (OFDMA); one test requires Uplink) (Fig. 3-12)
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I | <

Stoj

[Off @ On @ el @ Recall l Save el H
I@ Test Case Wizard... ’

Duplexing FDD J
Link Direction Downlink (OFDMA) -]
Test Models...

l General DL Settings... ‘ Frame Configuration... }
|§! Filter/Clipping/ARB/TDW/Power... LTE / Clip Off / 1 Framesl

Fig. 3-12: SMW: general LTE settings: duplexing, link direction.

4. Select afilter. No filters are defined in the LTE. The SMx therefore offers several
optimizations (Fig. 3-13).

EUTRA/LTE A: Filter/Clipping/ARB/TDW/Power Settings —_— ‘ X

Filter EUtra/LTE ©
Optimization Best EVM
Roll Off Factor
Best ACP
Cut Off Frequency Shift

Best ACP (Narrow)

Sample Rate Variation Best EVM (no upsampling)

Fig. 3-13: SMW: selecting the LTE filter settings.
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3.1.3 R&S TSrun Demo Program

This Application Note comes with a demonstration program module called LTE BS Tx
Test for the software R&S TSrun which is free of charge. The module covers all required
tests (see table below).

The LTE BS Tx Test module represents a so called test for the TSrun software. See
Section 4.1 for some important points on the basic operation of TSrun.

Each test described in this application note can be executed quickly and easily using the
module. Additional individual settings can be applied.

The program offers a straightforward user interface, and SCPI remote command
sequence export functions for integrating the necessary SCPI commands into any user-
specific test environment. A measurement report will be generated on each run. It can
be saved to a file in different formats including PDF and HTML.

Following SCPI resources are needed:
| FSx
1 SMx

Please note that the module allows the control of the internal LTE FW options on
the FSW only (Fig. 3-14).

Demo-Programm
with internal FW option

R&S TSrun

Remote control

LTE
FW option
FSW-K10x

TTa-ssaa <5 1l 98

FSW

Fig. 3-14: TSrun directly controls the LTE FW option on the FSx via VISA.
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| L Fsw
Chapter | Name

SC MC
6.2 BS Max Output Power |Zl
6.2.6 Home BS Output Power adjacent W-CDMA |Zl
6.2.7 Home BS Output Power adjacent LTE |Zl
6.2.6 Home BS Output Power co-channel LTE |Zl
6.3.2 Total Power Dynamic Range |Zl
6.3.3 NB-loT RB power Dynamic Range |Zl
6.4 Transmit ON/OFF Power |Zl |Zl
6.5.1 Frequency Error
6.5.2 Error Vector Magnitude (EVM) |Zl -
6.5.3 Time Alignment Error |Zl |Zl
6.5.4 Reference Symbol Power |Zl
6.6.1 Occupied Bandwidth |le |le
6.6.2 Adjacent Channel Leakage Power (ACLR) |Zl |Zl
6.6.3 Operating Band Unwanted Emissions (SEM) |Zl |Zl
6.6.4 Transmitter Spurious Emissions lzll lzll
6.7 Transmitter Intermodulation

M

M Supported by the demo program 1: Uses a basic function on FSx

— not stipulated (but can be done

carrier by carrier)

[XINot supported.

Getting started

This section describes only the module for the LTE BS Tx tests. Double-click the test
to open the window for entering parameters.

1MA154 9e Rohde & Schwarz 38



Transmitter Tests (Chapter 6)

2 LTEBS Tx T

6.2 BS Max Output Power -
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6.2 BS Max Output Power:

Measures the output power by demodulating the
signal. E-TM1.1 at maximum power shall be used. SC
and MC configurations are possible.

Note: Simulation uses path 1 of SMx.

Fig. 3-15: Full overview: setting parameters for the LTE BS Tx test.

General settings

The basic parameters are set at the top right:

1 Reset Devices: Sends a reset command to all connected instruments

1 Simulation: Generates a signal using the SMx for demonstration purposes.

1 External ref: Switches the FSx over to an external reference source (typ.
10 MHz).
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Reset Devices
Simulation [
Ext. Ref. I

Fig. 3-16: General settings.

The Attenuation section is used to enter compensations for external path
attenuations.

Attenuation
FSx Attenuation 0 dB
SMx Attenuation o dB

Fig. 3-17: Attenuation settings.

Test cases

This is the main parameter. Select the wanted test case here. All other remaining
parameters in the window are grayed out or set active based on the requirements for
the selected test case. These parameters are described in detall in the individual
sections below.

.2 BS Max Output Powe| -

6.2 BS Max Output Power |
6.2 6 Home BS Qutput Power for Adjacent UTRA Channel Protection
6.2.7 Home BS Qutput Power for Adjacent E-UTRA Channel Protection
6.2.8 Home BS Output Power for Co-Channel E-UTRA Channel Protection
6.3.2 Total Power Dynamic Range

6.3.3 NB-loT RB power dynamic range

6.4  Transmit ON/OFF Power

6.5.1/6.5.2 Frequency Error / EVM

6.5.3 Time Alignment Error

6.5.4 DL RS Power

6.6.1 Occupied Bandwidth

6.6.2 ACLR

6.6.3 Operating Band Unwanted Emissions (SEM)

6.6.4 Transmitter Spurious Emissions

6.7 Transmitter Intermodulation

Fig. 3-18: Available test cases.

Based on the selected test case, helpful hints are provided in the Comments section
and an illustration of the basic test setup is displayed.
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TALTII G 10

Comments :

6.2 BS Max Output Power:
Measures the output power by demodulating the
signal. E-TM1.1 at maximum power shall be used. SC

and MC configurations are possible.
Note: Simulation uses path 1 of SMx.

Fig. 3-19: Brief notes are provided in the Comments section (top right) based on the selected test case.

Test Setup for Tx Tests :

Wanted
LTE
BS ‘ Carrier

Powar (dBm)

Channel BW

Fig. 3-20: The Test Setup section (bottom right) displays a basic setup for the selected test case
along with the location of the signals in the spectrum.

The settings are split in two main tabs:
1 Main: for main parameters of the wanted signal

1 Additional: for test specific parameters

Settings for measured signal

Use this section to define the basic parameters for the LTE signal to be measured:
1 Center Frequency for SC

1 The test model E-TM (E-TM1.1 is required for most test cases)

1 Duplexing Mode

1 Ref. Level: Set here the expected reference level.

1 Bandwidth

. 0.2 MHz: Standalone NB-loT
. Others: Mark NB-1oT do deploy a NB-loT RB with the LTE signal. The RB
has to be set separately.
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Fig. 3-21: Main settings for measured signal.

Multi-Carrier

Several tests can be carried out with MC. Selecting the Multi-Carrier option grays out
the center frequency and bandwidth parameters and allows you to enter up to ten
carriers along with their frequency and bandwidth. Again, mark NB-1oT in the individual
carrier to deploy a NB-IoT RB.

Note: No logical checks of the MC settings are made. The frequencies must be
entered in rising sequence. In other words, start with TX1 for the lowest
frequency and then enter each subsequent frequency, ending with the highest
frequency.
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Fig. 3-22: Multicarrier settings.
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3.2

More advanced settings for specific tests cases are described in the corresponding
sections below (see Fig. 3-23).

Fig. 3-23: The tab Additional

Base Station Output Power (Clause 6.2)

The rated output power (PRAT) of the base station is the mean power level per carrier
for BS operating in single carrier, multicarrier, or carrier aggregation configurations that

the manufacturer has declared to be available at the antenna connector during the

transmitter ON period [1].

The test is performed for SC as well as MC.

The power declared by the manufacturer must not exceed the values specified in Table

3-4. Table 3-5 shows the allowed tolerances.

Maximum rated output power for different BS classes

BS class PRAT

Wide Area BS No upper limit
Medium Range BS <+38 dBm
Local Area BS <24 dBm
Home BS <+20 dBm

BS

The limit is lower by 3 dB for two ports, by 6 dB for four ports and 9 dB for eight ports for Home

Table 3-4: Maximum rated output power

Requirements for BS output power

Frequency range Limit
f<3.0GHz +2.7dB
3.0GHz<f<4.2 GHz +3.0dB

Relaxed limits apply for extreme conditions

Table 3-5: Limits for BS output power

Rohde & Schwarz
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Test setup
BS RF L
oun ™ Gl | N
{ =-aaas -0 1110 e,0 ‘4%

FSx

Fig. 3-24: Test setup for BS output power.

The DUT (base station) transmits at the declared maximum PRAT. E-TM1.1is
required.

Procedure

The test can be performed in one of two different ways:

1 Demodulation -> Result Summary: This method uses a single data record from
the same test to obtain different values, such as EVM, frequency error, etc. The
procedure follows the basic instructions provided in Section 3.1.1. The calculated
power is displayed under Power (see Fig. 3-25).

1 Channel Power / ACLR: This method can be used to determine the output power
and the adjacent channel power simultaneously. Use as channel filter ‘Rect’.

2 Result Summary
Frame Results 1/1 Limit
1E H qc

Subframes All, Selection Ant 1, Frame Results 1/1
0.85
0.85
0.80
0.19
0.00
-57.91

Fig. 3-25: Output power in the result summary.

For MC scenarios, each carrier must be tested individually.

NB-loT stand-alone Procedure

The DUT (base station) transmits at the declared maximum PRAT. N-TM is required.

The test can be performed in one of two different ways:

1 Demodulation -> Result Summary: This method uses a single data record from
the same test to obtain different values, such as EVM, frequency error, etc. The
procedure follows the basic instructions provided in Section 3.1.1. The calculated
power is displayed under Power (see Fig. 3-26).
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1 Channel Power / ACLR: This method can be used to determine the output power
and the adjacent channel power simultaneously. Use as channel filter ‘Rect’.

2 Result Summary S—
SF All, Selection Ant 1 Limit

Fig. 3-26: NB-loT Output power in the result summary.

The limits for NB-IoT standalone are £ 3 dB. Relaxed limits apply for extreme
conditions.

NB-loT inband and guard band Procedure

For NB-loT inband and guard band, the signal shall be seen as a combination between
LTE carriers and NB-IoT carriers. The DUT (base station) transmits at the declared
maximum PRAT. E-TML1.1 for the LTE part and N-TM for NB-loT part are required.

Use the Channel Power / ACLR to determine the output power and the adjacent
channel power simultaneously. Use as channel filter ‘Rect’.

The limits are the same as in Table 3-5.

Demo program

No further special settings are needed for this test. The test is carried out as a
demodulation. The output power and other measurements are reported. In the case of
MC tests, each individual carrier is tested in sequence.

Frmararrs 5.2 Basestation Quiput Powegr Fressssssss

Duplex mode: FOD

Carrier Carrier Test| Power
Test ltem Freqml:_lcly; BW (MHz) Model| (dBm) Status
6.2 Basetstaion Output Power
Output Power 2110 10 E-TM1.1([-10.49 ] lgnored
Carrier Carrier Test
Test [tem Freq IEI?HIL?; BW (MHz) Model Status
Additional Measurements
Frequency Error Hz 2110 100 E-TM1.1| 0.00]lgnored
EVM 9% 2110 101 E-TM1.1| 0.20|lgnored
OS5TP dBm 2110 10| E-TM1.1(-10.48|lgnored

F3x: 0. "No error”

Fig. 3-27: Example report for test case 6.2.
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3.2.1

3.211

1MA154_9e

Home BS Output Power Measurements (Clause 6.2.6...6.2.8)

In addition to the general output power requirements, Release 12 also introduced
special tests for home BS. There is no conventional network planning for home BS.
Instead, they are installed as a supplement to the various existing provider networks.
This increases the risk of interference because the home BS can transmit on adjacent
channels as well as on the same channels as an existing network. As a result, a home
BS must adapt (reduce) its output power to the specific conditions. These scenarios
are covered by the following requirements.

All three tests are required only for SC.

Home BS Output Power for Adjacent UTRA Channel Protection
(Clause 6.2.6)

The Home BS shall be capable of adjusting the transmitter output power to minimize
the interference level on the adjacent channels licensed to other operators in the same
geographical area while optimizing the Home BS coverage. These requirements are
only applicable to Home BS. The requirements in this clause are applicable for AWGN
radio propagation conditions [1].

A W-CDMA signal is provided for the test on the adjacent channel. In addition, AWGN
is simulated in the same channel of the wanted signal. The output power of the home
BS is measured at different levels of the W-CDMA and the AWGN signals. Pout must
not exceed the values in Table 3-6 for the four different input parameter sets.

A LTE

Power (dBm)

Fedge_low Fedge_h igh

Fig. 3-28: Home BS with adjacent W-CDMA signal.
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Requirements based on input conditions

Testcase Pcpich Protal Pawen Carrier/Noise Pout Limits
(dBm) (dBm) (dBm) (dB) (dBm) (normal conditions)
1 -80 -70 -50 <20
2 -90 80 60 <10 +2.7d8(f<3GHz)
-20 +3.0dB (3 GHz<f<4.2 GHz)
3 -100 -90 -70 <8
4 -100 -90 -50 <10

Table 3-6: Requirements for home BS with adjacent W-CDMA signal

Test setup

The following setup is used for this test. The FSx measures via a circulator the output
power (Tx) of the home BS. The SMx generates both the adjacent W-CDMA carrier
and the AWGN and feeds the signal to the home BS via a circulator.

SMx

BS
(DUT) TX/RX ATT

ATT

Fig. 3-29: Test setup for a home BS with adjacent W-CDMA signal. The SMW generates both the W-
CDMA signal and the AWGN. The analyzer measures the Tx power.

Overview of settings:

1 The DUT (base station) generates the wanted signal at Fc with BWchannel and E-
TM1.1.

1 The SMx generates the W-CDMA signal as adjacent channel with TM1, offset Fc +
BWchannel/2 = 2.5 MHz (to the right or left of the wanted signal)

1 The SMx generates AWGN on the same channel as the wanted LTE signal of the
DUT. The bandwidth corresponds to BWchannel.

Procedure

The procedure is shown with an example of BW channel = 20 MHz and Testcase 1.

1. Setthe frequency of the SMx to the center frequency of the wanted signal

Generating the W-CDMA signal in the adjacent channel

2. Select W-CDMA (3GPP FDD) in baseband block A (Fig. 3-30)
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TDMA Standards
GSM/EDGE...

Bluetooth...

TETRA..

(DMA Standards
3GPP FDD...

CDMA2000...

TD-SCDMA...

1xEV-DO...

WLAN Standards
|EEE 802.11...

Beyond 3G Standards
IEEE 802.16 WIMAX...

EUTRAILTE...

Fig. 3-30: SMW: selecting the 3GPP FDD (W-CDMA) signal in the baseband block.

3. Gotothe Basestations tab (Fig. 3-31)

3GPP FDD A

@ Reset All Basestations

Copy Basestation...

Predefined Settings...

Gocd
|! Test Setups/Models...

Select Basestaticmv

CJon |l [Jen

Fig. 3-31: SMW: W-CDMA base stations.

4. Click Test Setups/Models

5. Select a TM1 (any number of channels) (Fig. 3-32)

1MA154_9e
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3GPP FDD A: Downlink/Test Model

Test_Model_1_04channels

Test_Model_1_08channels

Test_Model_1_16channels

Test_Model_1_32channels

Test_Model_1_64channels
Test_Model_2

Test_Model_3_04channels

Test_Model_3_08channels
Fig. 3-32: SMW: selecting TM1 for W-CDMA.

6. Switch on the baseband and set the frequency offset of the wanted LTE carrier in
order to set the W-CDMA carrier in the adjacent channel: Fort = BWLTE/ 2 + 2.5
MHz (example: Fot =20 MHz /2 + 2.5 MHz = 12.5 MHZz) (Fig. 3-33 and Fig. 3-34)

Baseband Offsets
Baseband Offsets... [:

Fig. 3-33: SMW: offsets in the baseband.

Baseband Offsets

12 500 000.00

0.00 0.000
0.00 0.000
0.00 0.00 0.000

Fig. 3-34: Setting the frequency offset for the W-CDMA carrier (e.g. 12.5 MHz).

7. Inthe SMx, the default level for the P-CPICH is —10 dB relative to the total level of
the SMx. Set the total level accordingly (example: Test Case 1: Pcpich = —80 dBm:
Ptotas = —80 dBm — (=10 dB) = —70 dBm)
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3GPP FDD A: Basestation1 — X

@ Reset All Channels ’ @ Preset To HSDPA H-Set ’

Predefined Symbols

~ ) Multi Channel Assistant...

Fig. 3-35: SMW: CPICH level in W-CDMA.

AWGN
8. Click the AWGN block and set the bandwidths (Fig. 3-36).(example: System BW =
18 MHz)

AWGN Settings A — X
State Off @ On

Mode Additive Noise -

System Bandwidth 18.000 O|MHz 7

Min Noise/System Bandwidth Ratio 15

Noise Bandwidth —

Fig. 3-36: AWGN: setting the bandwidth (e.g. BW g = 20 MHz — System BW: 18 MHz).

9. Go to the Noise Power / Output Results tab and enter the appropriate
carrier/noise ratio from Table 3-6 (Fig. 3-37). (example: C/N = - 20 dB, Noise
Power = -50 dBm)
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AWGN Settings A — X

| L]

Fig. 3-37: AWGN: Setting the noise power relative to the carrier power via the carrier/noise ratio (e.

the carrier power is =70 dBm, so the noise power in test case 1 should be =50 dBm: =70 dB - (-50
dB) =-20dB).

2.140 000 000 00/ Jhealic s
3.000 000 000 00 - & |t

Show Powers For Output RF A ©
Set Noise Power Via .CJN ©
Reference Mode Carrier ©
Bit Rate 270.833 333 kbps -
Carrier/Noise Ratio -20.00/dB .
Eb/NO " dB -
Carrier Power dB

Noise Power (System Bandwidth) -50.00(dB -
Noise Power (Total Bandwidth) -50.00 dB :

g.

Baseband A Fading A

Fig. 3-38: Overview of the SMW for W-CDMA with AWGN. The W-CDMA signal is offset to the
adjacent channel in the baseband.

Measurement with FSx

Measure the Pout of the home BS for all test cases (Table 3-6) and both offsets.

The test can be performed in one of two different ways:

1 Demodulation -> Result Summary: This method uses a single data record from
the same test to obtain different values, such as EVM, frequency error, etc. The

1MA154 9e Rohde & Schwarz
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2 Result Summary
Frame Results 1/1

1MA154_9e

on

procedure follows the basic instructions provided in Section 3.1.1. The calculated
power is displayed under Power (see Fig. 3-39).

1 Channel Power / ACLR: This method can be used to determine the output power
and the adjacent channel power simultaneously. Use as channel filter ‘Rect’.

Subframes All, Selection Ant 1, Frame Results 1/1
0.85
0.85
0.80
0.19
0.00

-57.91
-0.00
0.00
-58.50
-33.72
-33.91
-33.78
10.80

Fig. 3-39: Output power in der result summary.

Demo program

For this test, additional parameters must be defined. The test is carried out as a
demodulation measurement. The output power and other measurements are reported.

Home BS Parameter

: DL Level AWGN
(dBm) (dBm)
6.2.6 ad] W-CDMA -80 -50 I
6.2.7 ad| LIE 65 50
6.2.8 co LTE 10 50

opt 2: UL: -08

Fig. 3-40: Special settings for output power with adjacent W-CDMA.

The level for the adjacent W-CDMA carrier and AWGN can be entered directly. Please
note the settings from the specification listed in Table 3-6.

By default, the W-CDMA catrrier is set to the right of the wanted signal. Checking
mirror sets it to the left.
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TR 6.2.6 Home BS Output Power with adiacent VWCDMA s

Duplex mode: FOD

W-CDMA carrier with TM1.1 at offset 7.5 MHz
W-CDMA carrier level: -80 dBm

AWGHN level: -50 dBm

Carrier Carrier Test| Power

Test ltem Freql;ﬁl:-l{::; BV (MHz) Model| (dBm) Status
6.2.6 Home BS Output Power with adjacent WCDMA
QOutput Power 2110 10| E-TM1.1[-10.54 | lgnored

Carrier s
Test ltem Frequency Bﬁlﬁﬁ; l.llgztl Status
{MHz)

Additional Measurements
Frequency Error Hz 2110 100 E-TM11| 0.01|lgnored
EVM % 2110 10 E-TM1.1| 0.19|lgnored
OSTP dBm 2110 10 E-TM1.1|-10.53|lgnored
F5x: 0. "Mo error”

Fig. 3-41: Example report for test case 6.2.6.

Home BS Output Power for Adjacent E-UTRA Channel Protection
(Clause 6.2.7)

The Home BS shall be capable of adjusting the transmitter output power to minimize
the interference level on the adjacent channels licensed to other operators in the same
geographical area while optimizing the Home BS coverage. These requirements are
only applicable to Home BS. The requirements in this clause are applicable for AWGN
radio propagation conditions [1].

A LTE

o

| l chhannel

|

|

| LTE

|

e | Frequency offset
|

|

|

Power (dBm)

Fc
Fedge_low Fedge_high

Fore

Fig. 3-42: Home BS with adjacent LTE signal.

An LTE signal is provided for the test on the adjacent channel. AWGN is also
simulated in the same channel of the wanted signal. The output power measurements
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for the home BS is to be measured at different levels of the LTE signal and the AWGN.
Pout must not exceed the values in Table 3-7 for the four different input parameter sets.
In the specification, the level of the adjacent LTE signal is set via the reference symbol

_ 10-log, (NS - N2 _

power using the formula 0 Oglo( RB " sc ) Because the required test model E-
TML1.1 assigns all RBs, the total level (Pwtal) can be entered directly and set on the
SMXx.

Requirements based on input conditions for adjacent LTE

Test Piotal Pawen Carrier/Noise  Poy Limits
R (dBm)  (dBm)  (dB) (dBm) (normal conditions)
1 —65 -50 -15 <20

+2.7 dB (f< 3 GHz)

2 =75 —60 -15 <10

+3.0dB (3 GHz = f<4.2 GHz)
3 -90 -70 -20 <8
4 -90 =50 -40 <10

Table 3-7: Requirements for home BS with adjacent LTE signal

Test setup

The following setup is used for this test. The FSx measures via a circulator the output
power (Tx) of the home BS. The SMx provides both the adjacent LTE carrier and the
AWGN and feeds the signal to the home BS via a circulator.

(DBUST) TX/RX ATT

ATT

Fig. 3-43: Test setup for a home BS with adjacent LTE signal. The SMW generates both the LTE
signal and the AWGN.

Overview of settings:

1 The DUT (base station) generates the wanted signal at Fc with BWchannel and E-
T™M1.1.

1 The SMx generates the LTE signal as an adjacent channel with the same
BWochannel and E-TM1.1, offset Fc £ BWcnannel (t0 the right or left of the wanted
signal)

1 The SMx generates AWGN on the same channel as the wanted LTE signal of the
DUT. The bandwidth corresponds to BW channel.
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Procedure

The procedure is shown with an example of BW channel = 20 MHz and Testcase 1.
1. Setthe frequency of the SMx to the center frequency of the wanted signal
Generating the adjacent LTE signal

2. Generate an LTE signal that is equivalent to the wanted signal (see 3.1.2)

3. Select test model E-TM1.1. (Fig. 3-44)(example E-TM1.1 with 20 MHz)

EUTRA/LTE A EUTRA/LTE A: Import FDD/DL Testmodel

"t E-TM1_1__10MHz

U E-TM1_1__15MHz

E-TM1_1__1_4MHz

) TestCase Wizard... ||E-TM1_1__20MHz

E-TM1_1__3MHz

E-TM1_1__ 5MHz

E-TM1_2__10MHz

E-TM1_2__15MHz

g
1) TestModels...

General DL Setting|
— E-TM1_2_ 20MHz .
%2 Filter/Clipping/ARB/TD! =
% pping/) = m Recent File
| ) Files Manager...

Fig. 3-44: Selecting the test model in LTE.

E-TM1_2__1_4MHz

\
|
\

4. Switch on the baseband and set the frequency offset of the wanted LTE carrier in
order to set the LTE carrier in the adjacent channel: Fort = BWLTE (example.
20 MHz) (Fig. 3-45 and Fig. 3-46)

Baseband Offsets
Baseband Offsets... [;

Fig. 3-45: SMW: offsets in the baseband.
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Baseband Offsets X

20 000 000.00

0.00 0.000
0.00 0.000
0.00 0.00 0.000

Fig. 3-46: Setting the frequency offset for the W-CDMA carrier (example: 20.0 MHz).

5. Inthe SMx, the total level is set over all RBs and the reference symbol power for
each RE is entered relative to the total level (Fig. 3-47). Therefore, just set the
total level based on Table 3-7.

EUTRA/LTE A: General DL Settings — X

/ ¥ SIS i > i -t | Sc INc | | S / "
: Downlink Refrence Signal Structure
Reference Signal Power 0.00| dB v
[RS Power per RE relative to Level Display dB .]

Synchronization Signal Settings

P-/S-SYNC Tx Antenna ‘AII b
P-SYNC Power ‘ 0.000| dB -
S-SYNC Power 3 ‘ 0.000| dB =

Fig. 3-47: LTE: displaying the RS power per RE.

AWGN

6. Click the AWGN block and set the bandwidths (Fig. 3-48). (example System
Bandwidth = 18 MHZz)
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AWGN Settings A _ X

State

Mode

System Bandwidth

Min Noise/System Bandwidth Ratio

Noise Bandwidth

Additive Noise

18.0000

MHz =

15

Fig. 3-48: AWGN: setting the bandwidth (example: BW, ¢ = 20 MHz -> System BW: 18 MHz).

7. Go to the Noise Power / Output Results tab and enter the appropriate
carrier/noise ratio from (Fig. 3-49).

AWGN Settings A —

x

Carrier Power

Fig. 3-49: AWGN: Setting the noise power relative to the carrier power via the carrier/noise ratio

Noise Power (System Bandwidth)

Noise Power (Total Bandwidth)

Set Noise Power Via CN "
Reference Mode Carrier :
Bit Rate 270.833 333|kbps ML
[CarrierINoise Ratio -15.00/dB v
Eb/NO b

-65.00(dB

4

dB

4

4

(example: the carrier power is —=65 dBm, so the noise power in test case 1 should be =50 dBm: —65

dB - (=50 dB) = -15 dB).
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2 Result Summary
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Measurement with FSx
Measure the Pout of the home BS for all test cases (Table 3-7) and both offsets.
The test can be performed in one of two different ways:

1 Demodulation -> Result Summary: This method uses a single data record from
the same test to obtain different values, such as EVM, frequency error, etc. The
procedure follows the basic instructions provided in Section 3.1.1. The calculated
power is displayed under Power (see Fig. 3-50).

1 Channel Power / ACLR: This method can be used to determine the output power
and the adjacent channel power simultaneously. Use as channel filter ‘Rect’.

Limit

Subframes  All, Selection Ant 1, Frame Results 1/1
0.85

0.85
0.80
0.19

Fig. 3-50: Output power in the result summary.

Demo program

For this test, additional parameters must be defined. The test is carried out as a
demodulation measurement. The output power and other measurements are reported.

Home BS Parameter

: DLLevel  AWGN
@Bm (oo

6.2.6 ad] W-CDMA -850 -50
I 6.2.7 adj LTE E5 -50 I
b.28COLIE 10 50
opt 2: UL: -08

Fig. 3-51: Special settings for output power with adjacent LTE.

The level for the adjacent LTE carrier and AWGN can be entered directly. Please note
the settings from the specification listed in Table 3-7.

By default, the LTE carrier is set to the right of the wanted signal. Checking mirror
sets it to the left.
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3.2.1.3
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sewsraras § 2 7 Home BS Output Power with adjacent L TE**++++sxrses

Duplex mode: FDD

LTE carrier with E-TM1.1 at offset 10 MHz
L TE carrier level: -65 dBm

AWGN level -50 dBim

Carrier

Carrier

Test| Power Status

~eellien F“*“';;ﬁ; BW (MHz)|  Model| (dBm)
6.2.7 Home BS Qutput Power with adjacent LTE
Qutput Power 2110 10 E-TM1.1(-10.55Ignared

Carrier .
Test ltem Frequency E'-.u'lff: ?,ET_E; ME@T Status
{MHz)

Additional Measurements
Frequency Error Hz 2110 100 E-TM1.1| 0.02(lgnaored
EVM % 2110 10| E-TM1.1| 0.20]Ignored
OSTP dBm 2110 10| E-TM1.1(-10.55]Ignored

F3x 0 "No error”

Fig. 3-52: Example report for test case 6.2.7.

Home BS Output Power for Co-Channel E-UTRA Protection (Clause

6.2.8)

To minimize the co-channel DL interference to non-CSG macro UEs operating in close

proximity while optimizing the CSG Home BS coverage, Home BS may adjust its

output power according to the requirements set out in this clause. These requirements

are only applicable to Home BS. The requirements in this clause are applicable for

AWGN radio propagation conditions [1].

A downlink LTE signal with different levels is provided for the test on the same
channel. AWGN is also simulated in the same channel. The output power for the home

BS is to be measured. For so called option 2, an LTE signal is additionally generated

for the uplink.
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A LTE

B‘MChanneI
£
om
2.
| .
)
s
[]
o
f
Fc
I:edge_low Fedge_high

Fig. 3-53: Home BS with co-channel LTE signal.

Because no configurations are defined for the co-channel LTE signals, the test
parameters can vary widely:

Home BS output power for co-channel LTE

Input Conditions Pout

. NDL N RB <10 dBm
loh (DL) > CRS Es + 10log10( ' "RB 'Vsc )+ 30 dB

) NDL NRB < max (- 10 dBm, min (Pmax, CRS Es +
loh (DL) < CRS Es + 10log10( '"RB 'Vsc ) + 30 dB DL N RE

10l0g10( NRE Nsc ™) + 30 dB )

Table 3-8: Home BS output power for co-channel E-UTRA channel protection [1]

Requirements based on input conditions for co-channel LTE

Test PtotaDL Pawen ProtaUL Pout Limits
CEEE (dBm) (dBm)  (dBm) (dBm) (normal conditions)
! 10— 10l0g10( NRE Nse©  ~0 See
10 el condition 1 7 4B (f < 3 GHz)
defined in
2 NDL NRB | —60 —98 table +3.0dB (3 GHz < f<4.2 GHz)
—20 — 10log10( "RB "Vsc
36
3 DL \RB | —70
—40 - 10log10( NR8 Nsc
4

DL \RB | —50
~90 — 10l0g10( NRE Nsc

Table 3-9: Requirements based on input conditions for co-channel LTE

The example below uses E-TM1.1 for the downlink signal and FRC1 for the uplink
signal, which simplifies the settings (see Table 3-10).
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Test setup

The following setup is used for this test. The FSx measures via circulator the output
power (Tx) of the home BS. The SMx provides both the adjacent downlink LTE carrier
and the AWGN and feeds the signal to the home BS via a circulator. For option 2, the
SMx additionally provides the LTE uplink signal via the second path.

BS

(DUT) TX/RX ATT

ATT

Fig. 3-54: Test setup for a home BS with co-channel LTE signal.The SMW generates both the LTE
signal and the AWGN.

Overview of settings:

1 The DUT (base station) generates the wanted signal at Fc with BWchannel and E-
TM1.1.

1 The SMx generates the co-channel LTE downlink signal with the same BW channel.
There is no special configuration required.

1 The SMx generates AWGN on the same channel as the wanted LTE signal of the
DUT. The bandwidth corresponds to BW channel.

1 For option 2, the SMx additionally generates an LTE uplink signal. There is no
special configuration required.

Procedure

The procedure is shown with an example of BWchannel = 20 MHz and Testcase 1. To
simplify the settings, E-TM1.1 is used (see Table 3-10).

1. Setthe frequency of the SMx to the center frequency of the wanted signal
Generating the downlink LTE signal
2. Generate an LTE signal that is equivalent to the wanted signal (see 3.1.2)

3. Select test model E-TM1.1. (Fig. 3-55) (example with 20 MHz)
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EUTRA/LTEA EUTRA/LTE A: Import FDD/DL Testmodel

O General |E> M998 In | \p2 b= (22

1| E-TM1_1__15MHz

e e E-TMA_1__1_4MHz

?: Test Case Wizard...

E-TM1_1__20MHz

E-TM1_1__3MHz

E-TM1_1__5MHz

E-TM1_2__10MHz

" ) TestModels.. ’
General DL Setting|
; E-TM1_2_ 20MHz

%2} Filter/Clipping/ARB/TD! B
: -_ 0 Recent File
. = Files Manager...

Fig. 3-55: Selecting the test model in LTE.

E-TM1_2__15MHz

E-TM1_2__1_4MHz

4. Inthe SMXx, the total level is set over all RBs and the reference symbol power for
each RE is entered relative to the total level (Fig. 3-56). Therefore, set the total
level based on Table 3-10.

EUTRA/LTE A: General DL Settings — | X

OMsFN | Physical | Scheduling | coy OPF
- - : Dlink Reference Signal Strure

Reference Signal Power

IRS Power per RE relative to Level Display

Synchronization Signal Settings

P-/S-SYNC Tx Antenna ‘AII A
P-SYNC Power ‘ 0.000| dB -
S-SYNC Power 3 ‘ 0.000| dB -

Fig. 3-56: LTE: displaying the RS power per RE.

AWGN

5. Click the AWGN block and set the bandwidths (Fig. 3-57). (example: System BW
=18 MHz)

1MA154 9e Rohde & Schwarz 62



Transmitter Tests (Chapter 6)

AWGN Settings A _ X
State Off O—> On

Mode Additive Noise ©
System Bandwidth 18.000 O0|MHz z
Min Noise/System Bandwidth Ratio 1.5

Noise Bandwidth ——

Fig. 3-57: AWGN: setting the bandwidth (example: BW, ¢ = 20 MHz — System BW: 18 MHz).

6. Go to the Noise Power / Output Results tab and enter the appropriate
carrier/noise ratio from (Fig. 3-58).

AWGN Settings A = X

Set Noise Power Via CN 5
Reference Mode Noise &
Bit Rate 100.000 000 kbps b
[CarrierINoise Ratio 40.00(dB 2

Eb/NO

Carrier Power

4

Noise Power (System Bandwidth) -50.00/dB

—

L Nlnica Dawiar (Tatal Randhsidth) AR

4

Fig. 3-58: AWGN: setting the noise power relative to the carrier power via the carrier/noise ratio
(example: the carrier power is =10 dBm, so the noise power in test case 1 should be =50 dBm: =10
dB — (50 dB) = + 40 dB).
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Option 2 only: Generating the uplink LTE signal
7. Set the link direction to Uplink (SC-FDMA).
8. Set the corresponding bandwidth.

[Off @ On @ = @ Recall ’ Save \?v‘:c:;:t:n}
@ Test Case Wizard... ‘

Duplexing FDD j
[Link Direction Uplink (SC-FDMA) -
[ General UL Settings... Frame Configuration...

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

Fig. 3-59: Setting the uplink in the LTE.

EUTRA/LTE A: General UL Settings — X

[Channel Bandwidth Number of Resource Blocks per Slot

FFT Size 2048 o

Physical Resource Block Bandwidth 12*15kHz  Occupied Bandwidth 18.000 MHz
Sampling Rate 30.720MHz  Number of Occupied Subcarriers 1200
Number of Left Guard Subcarriers 424  Number of Right Guard Subcarriers 424

Fig. 3-60: Setting the bandwidth BW in the uplink.
9. Click UE1.
10. Select the corresponding FRC and switch FRC state On. (example: FRC A3-7)
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EUTRA/LTE A: Frame Configuration

3GPP Release

No. of PUCCH Conﬁg.‘

No. of PUSCH Conﬁg.‘

Release 8/9 -

|
/I

Fig. 3-61: Displaying the simulated UE1. The UE parameters can be entered with a mouse click.

FRC State

)

[FRC

TS 36.141: A3-7

Modulation

Payload Size

Offset VRB

Allocated Resource Blocks

Fig. 3-62: Setting the FRC for the UE. (example: A3-7)

Measurement with FSx

Physical Bits per Subframe (Unshortened PUSCH)

QPSK

10296

28800

If E-TM1.1 is used for the wanted signal, Table 3-9 is simplified as follows:

Requirements based on input conditions for adjacent LTE

Test PiotaDL  Pawen Carrier/Noise  PyUL Pout Limits
CERE (dBm) (dBm)  (dB) (dBm) (dBm) (normal conditions)
1 -10 -50 +40 <20
) 20 60 + 20 <10 +2.7 dB (f < 3 GHz)
-98 +3.0dB (3 GHz < f< 4.2 GHz)
3 40 -70 +30 < Pmax
4 -90 -50 - 40 <10

Table 3-10: Requirements for home BS with co-channel LTE signal for an example using E-TM1.1

Rohde & Schwarz

65



Transmitter Tests (Chapter 6)

2 Result Summary

1MA154_9e

Measure the Pout of the home BS for all test cases (Table 3-10) and both offsets.

The test can be performed in one of two different ways:

1 Demodulation -> Result Summary: This method uses a single data record from
the same test to obtain different values, such as EVM, frequency error, etc. The
procedure follows the basic instructions provided in Section 3.1.1. The calculated
power is displayed under Power (see Fig. 3-63).

1 Channel Power / ACLR: This method can be used to determine the output power
and the adjacent channel power simultaneously. Use as channel filter ‘Rect’.

Subframes All, Selection Ant 1, Frame Results 1/1
0.85
0.85
0.80
0.19

Fig. 3-63: Output power in the result summary.

Demo program

For this test, additional the parameters must be defined. The test is carried out as a
demodulation measurement. The output power and other measurements are reported.

Home BS Parameter

: DL Level AWGN
mrrar [CIBH"I} {CIBH"I}
6.2.6 ad] W-CDMA -80 -50
6.2.7 adj LTE £5 -50

6.2.8 coLTE

J| opt 2: UL:

Fig. 3-64: Special settings for output power with co-channel LTE.

The level for the co-channel LTE carrier and AWGN can be entered directly. The uplink
level is needed only for option 2. Please note the settings from the specification listed
in Table 3-9.
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FEEEEEER* 6.2.8 Home BS Output Power with co-channel [ TE* e

Duplex mode: FDD

L TE carrier with E-TM1.1 at co-channel:
LTE carrier Downlink level: -10 dBm
AWGN level: -30 dBim

LTE camier option 2: Uplink level” -98 dBm

Carrier -
Test [tem Freq I;:ll:-lcy,': B‘-.I'E-': ?lﬁ?-lel; HE:T m; Status
rd
6.2.8 Home BS Output Power with co-channel LTE
Qutput Power 2110 10 BE-TM1.1|-10.93 [lgnored
Carrier -
Test ltem Frequency B‘-.I'lf-':?l?l-l-li; HE:T Status
{MHz)
Additional Measurements
Frequency Error Hz 2110 10 BE-TM1.1|  0.07 [lgnored
EVM % 2110 10| E-TM1.1| 1.04|lgnored
OSTP dBm 2110 10| E-TM1.1|-10.92 |lgnored

F3x: 0. "o ermor”

Fig. 3-65: Example report for test case 6.2.8.

3.3 Output Power Dynamics (Clause 6.3)

3.3.1 Total Power Dynamic Range (Clause 6.3.2)

The total power dynamic range is the difference between the maximum and the
minimum transmit power of an OFDM symbol for a specified reference condition [1].

The measured OFDM symbols shall not contain RS, PBCH or synchronization signals.
The test software includes this automatically in the calculation and displays the result
as OSTP (OFDM symbol transmit power) in the Result Summary. The test is
performed only for SC.

Dynamic range requirements

Channel bandwidth (MHz) Power dynamic range
1.4 7.3

3 11.3

5 135

10 16.5

15 18.3

20 19.6

Table 3-11: BS total power dynamic range, paired spectrum
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B P 9] (
Results for Selection
= )
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Test setup
BS RF L
oun ™ Gl | N
{ =-aaas -0 1110 e,0 ‘4%

FSx

Fig. 3-66: Test setup for BS output power.

The DUT (base station) transmits at the declared maximum PRAT sequentially with
two different configurations.

1 E-TM3.1
1 E-TM2
Procedure

The test can be performed in one of two different ways:

1 Demodulation -> Result Summary: This method uses a single data record from
the same test to obtain different values, such as EVM, frequency error, etc. The
procedure follows the basic instructions provided in Section 3.1.1. The calculated
power is displayed under Power (see Fig. 3-67).

1 Channel Power / ACLR: This method can be used to determine the output power
and the adjacent channel power simultaneously. Use as channel filter ‘Rect’.

ubframes All, Selection Ant 1, Frame Results 1/1
0.85
0.85
0.80
0,19
0.00

-57.91
-0.00
0.00
-58.50
-33.72
-33.91
-33.78
10,80

Fig. 3-67: Result summary: OSTP (OFDM symbol transmit power).

Two measurements are taken. The total power dynamic range is the difference
between the two measurements OSTPe-tm3.1 — OSTPE-T™m2.

Demo program

No further special settings are needed for this test. The test is carried out as a
demodulation measurement. Two measurements for the different TMs are performed
one after the other. The difference is reported as Dynamic range. A dialog box tells the
user when to change to the next TM. Simulation is not supported.
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Frarrrarr 6.3.2 Total Power Dynamic Ranger e

Duplex mode. FOD

Carrier| Carrier Test
Test ltem Freguency BW|  model Power| Status
(MHz) (MHz})
6.3.2 Total power Dynamic Range
O5TP dBm 2110 10| BE-TM3.1|-10.73|lgnored
QSTP dBm 2110 10 E-TM2|-27.20|lgnored
Dymamic Range d& 2110 10 - 16.47 |lgnored

Fig. 3-68: Example report for test case 6.3.2.

3.3.2 NB-loT RB power dynamic range for in-band or guard band
operation (6.3.3)

The NB-10T RB power dynamic range (or NB-loT power boosting) for guard band
operation is the difference between the power of NB-loT RB (which occupies 180kHz
in guard band of an E-UTRA carrier) and the average power over all RBs (from both
NB-IoT and the E-UTRA carrier containing the NB-loT RB). [1]

The NB-loT RB power dynamic range (or NB-IoT power boosting) for in-band operation
is the difference between the average power of NB-loT REs (which occupy certain REs
in a RB of an E-UTRA catrrier) and the average power over all REs (from both NB-loT
and the E-UTRA carrier containing the NB-lIoT RES). [1]

NB-IoT power dynamic range shall be larger than or equal to +5.6 dB, except for guard
band operation with E-UTRA 5 MHz channel bandwidth signal where BS manufacturer
shall declare the NB-loT dynamic range power it could support (in this version of the
specification).

Test setup

BS RF
out) % ATT

T a-eaas +0 111 O ¢, 0

FSx

Fig. 3-69: Test setup for NB-lIoT power dynamic range.

Procedure Inband

1. Measure with the FSx the NB-IoT part according to chapter 3.1.1.with the
Deployment to Inband and the right E-UTRA PRB Index. Read and save the
value RB power excluding E-UTRA.
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2 Result Summary e
Subframes All, Selection Ant 1 Limit

Fig. 3-70: NB-loT dynamic range inband: RB power without E-UTRA

2. Measure with the option LTE the power of the whole signal according to chapter
3.1.1.

3. Calculate the average in Watt of the whole signal by
Power Average whole signal = Power Lte (in Watt) / (number of RBs + 1)
4. Calculate the Dynamic Range in dB by:

Power ng-loT dynamic range = RB power excluding E-UTRA (In dBm) — Power Average whole signal
(in dBm)

Procedure Guard-band

1. Measure with the FSx the NB-loT part according to chapter 3.1.1.with the
Deployment to Guardband and the right E-UTRA PRB Index. Read and save the
value Power yg.

2. Measure with the option LTE the power according to chapter 3.1.1. Read and
save the value Power te.

3. Calculate the average in Watt of the whole signal by:

Power Average whole signal = (Power ns (in Watt) + Power Lte (in Watt)) / (number of
RBs + 1)

4. Calculate the Dynamic Range in dB by:

Power Ng-ioT dynamic range = POWer ng (In dBm) — Power Average whole signal (|n dBm)

Demo program

No further special settings are needed for this test. Just set the relevant NB-loT
parameter. The test is carried out as a demodulation measurement. Two
measurements for the LTE and NB-IoT part are performed one after the other. The
difference is reported as NB-IoT Dynamic range. Simulation is not supported.
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3.4

ke B 9 9 WD IaT BB Power D}-’.’?amfc Hange ]

Duplex Mode: FDD

LTE Carrier + NB-loT...
NB-loT Deployment: in-Band
MB-loT RB: 4

Carmer| o rer W

Test ltem Frequency Test Model| Power| Status
(MHZ) (MHz),
6.3.3 NB-loT RB Power Dynamic Range
NB-loT Carrier excluding E-UTRA dBm 1000 10 E-TM1.1|-34 66 |lgnored
Average Power over all Carriers dBm 1000 10 E-TM1.1{-30.38 | Ignored
Power Dymamic Range dB - - —| 1279(lgnored

FSx: 0,'No error"?

Fig. 3-71: Example report for test case 6.3.3.

Transmit ON/OFF Power (Clause 6.4)

Transmitter OFF power is defined as the mean power measured over 70 s filtered

with a square filter of bandwidth that is equal to the transmission bandwidth
configuration of the base station (BWconfig) centered on the assigned channel
frequency during the transmitter OFF period. [1]

For BS supporting intra-band contiguous CA, the transmitter OFF power is defined as

the mean power measured over 70 ys filtered with a square filter of bandwidth equal to

the aggregated channel bandwidth BWchannel_ca centered on (Fedge_high+Fedge_low)/2
during the transmitter OFF period. [1]

This test applies only for TDD and is defined for both SC and MC.
Fig. 3-72 shows the definition of the ranges and Table 3-12 lists the limits.

A Transmitter Output Power

ON power level em o
(Informative)

'
1
'
e =
'
1
'
'
'
'

Transmitter ON period
| (DL Subframe and DWPTS),

[ »'
I —"

OFF power level - e e R T R PP P - W .

v

Transmitter transient .
. Time
period
> < >4
> <

. -to- ON-to-OFF
Transmitter OFF OFF-0-ON °

period period Transmitter OFF
period

period

Fig. 3-72: Definition of transmitter ON and OFF periods [1].
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Transmitter OFF power limit

Frequency range Limit
f<3GHz -83 dBm/MHz
3GHz<f<4.2GHz -82.5 dBm/MHz

Table 3-12: Transmitter OFF limits

Multi-band test configuration for full carrier allocation

1. With separate antenna connector: The antenna connector not being under test
shall be terminated.

2. Testrequirement is only applicable during the transmitter OFF period in all
supported operating bands. [1]

Test setup

Additional hardware is required for this test. An RF limiter is used to limit the power
received at the analyzer during the transmitter ON periods. This enables the full
dynamic range for the measurements in the OFF periods. In addition, an attenuator is
used to absorb the reflected power for limiters without optimal VSWR.

Trigger

TX/RX ATT L

(DUT)

RF FSx

Limiter
Fig. 3-73: Test setup: transmit ON/OFF.
The DUT (base station) generates the wanted signal at Fc with BWchannet and E-TM1.1.
The ON/OFF measurement for SC and MC is included in all options.

Single and Multi Carrier
The procedure for single carrier is shown with the FSW.
Procedure

1. Selectin Duplexing Mode “TDD Downlink”. After this, the measurement
Transmit ON/OFF Power is available under Meas.

2. Setthe Number of Component Carriers, the center frequency and the
bandwidth.

3. Setthe UL/DL Configuration and the special subframe (to measure in
accordance with the specification UL/DL is 3 and Special subframe is 8)

4. Setthe number of frames (specification: 50)
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5. Press ADJ Timing.

TDD Downlink

Number of
Component Carriers

Physical Settings Carrier Configuration

Center Frequency Freq Offset to CC1 Bandwidth

(Mol 2.11 GHz SMHz{25 RB) e

[y 2,13 GHz 20.0 MHz SMHz{25 RB) e

Low Edge Frequency 2.1075 GHz
High Edge Frequency 2.1325 GHz

Number of
Component Carriers

Physical Settings Carrier Configuration

Channel Bandwidth Carrier Configuration
Cyclic Prefix
TDD UL/DL Allocations Bl TDD Allocations DL,S,UL,UL,UL DL,DL,DL,DL,DL

Conf of Special Subframe

Auto Detection Off Cell ID

Cell Identity Group Identity

Sample Rate 7.68 MHz

Capture Time 10.005 ms

MNoise Cancellation

Swap IQ

Number of Frames to Analyze

Fig. 3-74: Configuring the Tx ON/OFF Power measurement in the FSW

1MA154 9e Rohde & Schwarz 73



Transmitter Tests (Chapter 6)

MultiView 22 Spectrum

Ref Level 3m  Freq 2.11 GHz ) Capture Time
3 Average Count Timing Adjust

1 Transmit ON/OFF Power

ity Limit : dBm/MHz

ON Period Falling Period 1 Rising Period 1 ON Period
-1.0 ms 1.8ms/ 10.0 ms

2 Falling Period 1 o1 3 Rising Period 1 ' Falling Period 2 5 Rising Period 2

1.7858 ms 1.8257 ms | 4.9601 ms 5.0 ms=16.21455 ms 6.2665 ms | 9.94805 ms 10.0 ms

6 Transmit ON/OFF Power List —_—
Start OFF Stop OFF Time at OFF Power OFF Power
Period Limit Period Limit A to Limit Abs [dBm] A to Limit
L3 ns 5 ) ]

Fig. 3-75: The Tx ON/OFF measurement in the FSW

Demo program

This test is possible for TDD only. The measured OFF power is displayed. By default,
the test uses Noise Cancellation. At present, the measurement with the PC SW uses
one frame only, while the FSW option measurement uses 50 frames. The times for the
Rising and Falling Period are also measured and reported.

ACLR + Tx On/Off

Moise Cancellation v

Fig. 3-76: Noise cancellation at transmit On/Off.
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3.5

3.5.1

drdcicdciicioicd 64 Transmrt DN II,I'GFF drirdcicdicic i doicdk

Duplex mode: TDD
Number of frames: 1

Carrier| Carrier T
Test [tem Frequency BV Model dBm| Status
(MHz) (MHz)
6.4 Transmit ON / OFF
Period 1: [ 2110] 10| E-TM1.1[-15.13[Ignored
Carrier| Carrier T
Test ltem Frequency BWW Model us| Status
(MHz)| (MHz)
Additional Measurements
Period 1 Falling Period 2110 10| E-TM1.1(51.95313 | lgnored
Period 1 Rising Period 2110 A0 E-TMA.A | 0.00000(lgnored

F5x 0. "Mo emror”

Fig. 3-77: Example report for test case 6.4.

Transmitted Signal Quality (Clause 6.5)

Frequency Error (Clause 6.5.1) and Error Vector Magnitude (Clause
6.5.2)

The two tests are defined only for SC.

Frequency error is the measure of the difference between the actual BS transmit
frequency and the assigned frequency [1].

Table 3-13 shows the limits for the various base stations.

Frequency error requirements

BS class Accuracy

Wide Area BS + (0.05 ppm + 12 Hz)
Medium Range BS + (0.1 ppm + 12 Hz)
Local Area BS + (0.1 ppm + 12 Hz)
Home BS +(0.25 ppm + 12 Hz)

Table 3-13: Frequency error requirements [1]

For this measurement the FSx must be synchronized via External Reference to the
basestation under test.

The error vector magnitude is a measure of the difference between the ideal symbols
and the measured symbols after the equalization. This difference is called the error
vector. The EVM result is defined as the square root of the ratio of the mean error
vector power to the mean reference power expressed in percent.

Table 3-14 shows the limits for the various modulation modes. The EVM requirement
for 256QAM applies to Home BS, Local Area BS and Medium Range BS [1].
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EVM requirements

Modulation scheme PDSCH EVM [%]
QPSK 18.5
16QAM 13.5
64QAM 9
256QAM 4.5

Table 3-14: EVM requirements [1]

Test setup

BS RF
outy % ATT

T a-ecae «0 111 O o6

FSx

Fig. 3-78: Test setup for BS output powerThe DUT (base station) transmits with the declared
maximum PRAT. The following configurations are specified:

1 E-TM3.1
1 E-TM3.2
1 E-TM3.3
1 E-TM2
Procedure

The signal is demodulated for the test. The test results are displayed in a scalar
overview under RESULT SUMMARY. This method uses a single data record from the
same test to obtain different values, such as power, crest factor, etc. The procedure
follows the basic instructions provided in Section 3.1.1. The calculated power is
displayed under EVM PDSCH and Frequency Error (see Fig. 3-79).

2 Result Summary
Limit

Subframes All, Selection Ant 1, Frame Results 1/1
0.85
0.85

Fig. 3-79: Result summary: EVM and frequency error.

In addition to the required measured values for frequency errors and EVM, the
summary also includes results such as sample error, I/Q imbalance, etc.
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NB-loT Procedure

The required EVM for QPSK modulation in NB-10T is 18.5 %. The DUT (base station)
transmits with the declared maximum PRAT with N-TM.

The signal is demodulated for the test. The test results are displayed in a scalar
overview under RESULT SUMMARY. This method uses a single data record from the
same test to obtain different values, such as power, crest factor, etc. The procedure
follows the basic instructions provided in Section 3.1.1. The calculated power is
displayed under EVM PDSCH and Frequency Error (see Fig. 3-80).

2 Result Summary =
SF All, Selection Ant1 Limit

Fig. 3-80: NB-loT Result summary: EVM and frequency error.

In addition to the required measured values for frequency errors and EVM, the
summary also includes results such as sample error, 1/Q imbalance, etc.

Demo program

No further special settings are needed for this test. The test is carried out as a
demodulation measurement. The frequency error and EVM are reported. In the case of
MC tests, each individual carrier is measured in sequence.

weeseesss 5.1/ 6.5.2 Frequency Ermor / EVM *essseesss

Duplex mode. FO0D

Carrier Carrier Test
Test ltem Freq |; l?"ll:-l?; BW (MHz) Model Status
6.5.116.5.2 Frequency Error /| EVM
Frequency Error Hz 2110 10 E-TWMA.1|0.06| Ignored
EVM % 2110 10| E-TM1.1[{0.18 ] lgnored
Carrier| Carrier Test
Test ltem Frequency BW Model Status
(MHz) (MHz)
Additional Measurements
Output Power 2110 10 E-TM1.1|-10.51 | lgnored
OSTP dBm 2110 10| E-TM1.1|-10.51|lgnored

F5x: 0 'No ermror”

Fig. 3-81: Example report for test case 6.5.1.
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3.5.2 Time Alignment Error (Clause 6.5.3)

Frames of the LTE signals present at the BS transmitter antenna ports are not perfectly
aligned in time. In relation to each other, the RF signals present at the BS transmitter
antenna ports experience certain timing differences. [1]

Time alignment error (TAE) is defined as the largest timing difference between any two
signals. This test is only applicable for base stations supporting TX diversity, MIMO
transmission, carrier aggregation and their combinations.

The test is performed for SC as well as MC.

Table 3-15 lists the limits for various combinations.

Time alignment error limits

Transmission combination Limit
MIMO/TX diversity single carrier 90 ns
Intra-band CA with or without MIMO or TX diversity 155 ns

Intra-band non-contiguous CA with or without MIMO or TX diversity 285 ns

Inter-band CA with or without MIMO or TX diversity 285 ns

Table 3-15: Time alignment error limits [1]

The DUT (basestation) transmits typically with E-TM1.1.

NB-loT

NB-IoT support Tx Diversity, so the limit of 90 ns applies here, too. The procedures
mentioned below are valid for NB-10T as well (see section 3.5.2.1). The DUT
(basestation) transmits with N-TM.

Demo program

No further special settings are needed for this test. Take note of the special test setup.
The difference is output in ns. Please note that the simulation with the SMW allows two
possibilities:

I NB-loT: Tx Diversity signal
1 LTE: Multicarrier with 2 CCs and 2 Tx Antennas each

FrEERREEE §.0.3 Time Alignment Epnpr *sssss

Duplex mode: FDD

Carrier| Carrier Test
Test Item Frequency) BWI  model ns| Status
{MHz)|  (MHz)

6.5.3 Time Alionment Error

Time delay Tx2: | 2110] 10| E-TM1.1]1.24051Ignored
Carrier| Carrier Test
Test Item Freguency BW|  model dBm| Status
(MHz)|  (MHz)

Additional Measurements
Output Power [ 2110] 10| E-TM1.1]-12.17|Ignored

FSx: 0,"Mo emor”

Fig. 3-82: Example report for test case 6.5.3.
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3.5.2.1 Single Carrier (MIMO, Tx Diversity)

Test setup

The following setup is used for this test. The antennas to be measured are connected
via a hybrid coupler. The FSx is connected via an attenuator. To achieve precise
measurements, the RF cables being used should be equal in electrical length.

TX1|——p»
BS TX2|—>
(DUT) 13— > ATT
TX4[—>
Hybrid
Coupler

Fig. 3-83: Test setup: time alignment for SC.

Procedure

Up to 4 antennas can be measured in parallel. The measurement is taken on the
reference signals (RS) of the individual antennas, and PDSCHs are ignored.

1. Start the test using MEAS and "Time Alignment”

2.  The measurement is always relative to one reference antenna. The antenna can
be changed under "Reference Antenna”.

0.0 ms 2.0 ms/ 20.1 ms
2 Time Alignment between Transmitter Branches S ¥Power Spectrum el Clrw

-

Reference Antenna : Antenna 1 - Limit : 90 ns

Time Alignment to Antenna 1
Me

S AN It A sy

7.68MHz 1.54 MHz/

Fig. 3-84: Time alignment: Up to 4 antennas can be measured. The measurement is displayed relative
to one selectable reference antenna.
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3.5.2.2 Multicarrier (CA)

The CA measurement (including intra-band) can be performed with one FSx : Simple,
precise measurement, in parallel with MIMO. For configurations with very high
bandwidth needed, two FSx may needed.

Test setup
Hybrid
Coupler
TX1|— RF
cc —»  ATT
BS TXn[— Hybrid
(DUT) Coupler
X1 RF
cc2 ™ | ATT > e canae DAt P
TXn .
Hybrid FSx
Coupler

Fig. 3-85: Test setup for the time alignment error measurement for CA with FSx.
Procedure
1. Selectthe Time Alignment measurement

2. Set the relevant settings.

Signal Description MIMO/CA Setup Advanced Settings

Mode FDD Downlink

Number of N Number of
Component Carriers Device to Measure

Physical Settings - CC1 Physical Settings - CC 2 Carrier Configuration

Channel Bandwidth SMHz(25 RB) B Sample Rate 7.68 MHz Occupied BW 4.515 MHz

Cyclic Prefix Auto B FFT Size 512 QOcc Carriers 301

Auto Detection Off Cell ID

Cell Identity Group Identity
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Signal Description MIMO/CA Setup Advanced Settings

Mode FDD Downlink

Mumber of Number of
Component Carriers Device to Measure

Physical Settings - CC1 Physical Settings - CC 2 Carrier Configuration

Center Frequency Freq Offset to CC1 Bandwidth

RN 2,11 GHz 5MHz(25 RB)
(el 2,12 GHz 10.0 MHz 5MHz(25 RB)

Occ BW 15.0000 MHz
Sample Rate 30.7200 MHz

Signal Description MIMO/CA Setup Advanced Settings

Number of > N Number of
. o ;
Component Carriers Device to Measure

CC1 cc2

DUT MIMO Configuration JRPENEGRE

Simultaneous signal capture setup using 4 Rx Channels

State Analyzer IP Address Assignment

Master 10.85.0.183 Antenna 1

Fig. 3-86: Configuring the time alignment measurement in the FSW

3. The timing of the start of the frame relative to the external trigger is displayed in
the Capture Buffer (Fig. 3-87).
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MultiView Spectrum

Ref Level O m  Freq 2.115 GHz ) ) Capture Time 1m Subframe Al
Att 10 dB A < /1 Rx Frame Count 1

1 Capture Buffer

Al cC1 cCz2
LTCCT

Frame S

0.0 ms 2.01 ms/ 20.1 ms=+0.0 ms 2.01 ms/ 20.1 ms
2 Time Alignment Error Qi3 Power Spectrum
Reference Antenna (CC1): Antenna 1 |¢ Limit : 285 ns Alll cc1 cc2

Frequency Error to CC1: -6.33 Hz 3.1CC1

Time Alignment Error to Antenna 1 {(CC1)

Component

a Antenna Min Mean
Carrier

|| L
3.84 MHz -3.84 MHz

Fig. 3-87: Time alignment error measurement.

3.5.3 DL RS Power (Clause 6.5.4)

DL RS power is the resource element power of downlink reference symbol. The
absolute DL RS power is indicated on the downlink shared channel (DL-SCH) in
Layer 2.

The test is defined only for SC.

Table 3-16 lists the tolerances dependent on the frequency range.

DL RS power

Frequency range Deviation to indicated power
<3 GHz +29dB
3GHz=<f<4.2GHz +3.2dB

Table 3-16: DL RS power requirements

Test setup

BS RF
ouT) % ATT

Te-eaae +0 111 0 0,0

FSx

Fig. 3-88: Test setup for BS output power.
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2 Result Summary
Its 1/1

Frame Re

1MA154_9e

The DUT (base station) transmits with the declared maximum PRAT. E-TM1.1is
required.

Procedure

The signal is demodulated for the test. The test results are displayed in a scalar
overview under RESULT SUMMARY. This method uses a single data record from the
same test to obtain different values, such as power, crest factor, etc. The procedure
follows the basic instructions provided in Section 3.1.1. The calculated power is
displayed under RSTP (see Fig. 3-89).

Subframes  All, Selection Ant 1, Frame Results 1/1
0.85
0.85
0.80
0,19
0.00

-57.91
-0.00
0.00
-58.50
-33.72
-33.91
-33.78
10.80

Fig. 3-89: Result summary: display of the DL RS power (RSTP).

NB-loT

DL NRS power is the resource element power of downlink reference symbol. The
absolute DL RS power is indicated on the downlink shared channel (DL-SCH) in
Layer 2.

The DUT (base station) transmits with the declared maximum PRAT. N-TM is required.
The limit is £ 2.9 dB of the indicated power.

The signal is demodulated for the test. The test results are displayed in a scalar
overview under RESULT SUMMARY. This method uses a single data record from the
same test to obtain different values, such as power, crest factor, etc. The procedure
follows the basic instructions provided in Section 3.1.1. The calculated power is
displayed under RSTP (see Fig. 3-89).

2 Result Summary
Selection Ant 1 Limit
)

Fig. 3-90: NB-loT Result summary: display of the DL RS power (RSTP).
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3.6

3.6.1

Demo program

No further special settings are needed for this test. The test is carried out as a
demodulation measurement. The reference symbol power is reported.

weexeeaex § 5 4 Reference Symbol Power *ressrsirss

Duplex mode. FON

Carrier|] Carrier e
Test ltem Frequency BW Model Status
(MHz) (MHz)
6.5.4 Reference Symbol Power
RS Power dBm 2110 10| E-TM1.1|-38.28 | lgnored
Carrier| Carrier T
Test ltem Frequency BV Model Status
{MHz) {MHz)
Additional Measurements
Cutput Power 2110 10 E-TM1.1|-10.51 | lgnored
O5TP dBm 2110 10| E-TM1.1|-10.50(lgnored
Frequency Error Hz 2110 10 E-TM1.1 011 | lgnored
EVM % 2110 10| E-TM1.1| 0.20|lgnored

F5x: 0 "Mo error”

Fig. 3-91: Example report for test case 6.5.4.

Unwanted Emissions (Clause 6.6)

Unwanted emissions consist of out-of-band emissions and spurious emissions. Out-of-
band emissions are unwanted emissions immediately outside the channel bandwidth
resulting from the modulation process and non-linearity in the transmitter but excluding
spurious emissions. Spurious emissions are emissions, which are caused by unwanted
transmitter effects such as harmonics emission, parasitic emission, intermodulation
products and frequency conversion products, but exclude out-of-band emissions [1].

Occupied Bandwidth (Clause 6.6.1)

Occupied Bandwidth is the width of a frequency band such that, below the lower and
above the upper frequency limits, the mean powers emitted are each equal to a
specified percentage [3/2 of the total mean transmitted power. It defines the spectral
properties of emission in a simple manner.

The value of /2 shall be taken as 0.5%. This results in a power bandwidth of 99%.

The measurement of the spectrum is carried out with resolution bandwidth (RBW) of
30 kHz or less and the measurement points mentioned in Table 3-17.
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Span and measurement points for OBW measurement
Channel bandwidth [MHz] 0.2 1.4 3 5 10 15 20 >20

Span [MHz] 04 10 10 10 20 30 40 2*BWepannel ca

Minimum number of 400 1429 667 400 400 400 400 2*BWepanmel ¢

measurement points ——
100kHz

Table 3-17: OBW: span and measurement points

The measured bandwidth (OBW) shall be smaller than the nominal bandwidth (see
Table 3-17, top row). For multicarrier scenarios, the OBW should be smaller than the
aggregated bandwidth. Multiple combinations shall be tested as described in Section

4.10.2 [1].
Test setup
Trigger
.4
|
|
|
([I)BUST) ™ ~ ATT

FSx

Fig. 3-92: Test setup for BS output power.

The DUT (base station) transmits with the declared maximum PRAT. E-TM1.1is
required.

The general base unit function "OBW" is used for the test. For TDD signals, the trigger
must be set to external.

Procedure (example: 10 MHz bandwidth)

1. Press MODE and then select Spectrum

2. Press MEAS and select OBW

3. Verify the %Power Bandwidth default setting of 99%
4. Setthe Channel Bandwidth (example: 10 MHZz)
5

Press Overview and select "Bandwidth"
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ep Time

S y
100.0 kHz 69.72 us
\ . )

Filter Type

Sine[1.0] B MNormal{3dB) :
(B =
\= )

Coupling Default

Fig. 3-93: OBW: set the bandwidth and sweep.

6. Onthe SWEEP tab, set the sweep points and Optimization to "speed"
7. Setthe Span per Table 3-17 (example: 20 MHz)
8. The spectrum and the calculated OBW are displayed.

1 Occupied Bandwidth

\h 11 T ‘| [|

s

“”W ‘Il”r'}i Uh‘ i J‘\‘ 1l Hﬂlfuu'h |h I H" ”"W 'ﬂ” I“M W‘ ”WM‘

1001 pts

2 Marl ket T3|)|E . g
Type "Ref "Trc X-Value Y-Value Function Function Result
M1 id
Ti : Occ B 8.911088911 MHz
T2

Fig. 3-94: OBW measurements (in the example, an OBW of 8.91 MHz is calculated for a 10 MHz
channel).

The measurement is performed in the same way for multicarrier scenarios. In this
case, the aggregated bandwidth is entered manually as the bandwidth (see step 4).
NB-loT stand-alone Procedure

The DUT (base station) transmits at the declared maximum PRAT. N-TM is required.
1. Press MODE and then select Spectrum

2. Press MEAS and select OBW

3. Verify the %0Power Bandwidth default setting of 99%
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4. Setthe Channel Bandwidth to 200 kHz

5. Press Overview and select "Bandwidth"

i~ B

100

\_ )

Fig. 3-95: OBW: set the bandwidth and sweep.
6. Onthe SWEEP tab, set the sweep points and Opt
7. Setthe Span to 400 kHz

imization to "speed"”

8. The spectrum and the calculated OBW are displayed.

MultiView 22 Spectrum X | LTE X  NB-IoT

Ref Level n  RBW 1kHz
Att B 0 ms(~13 2 VBW 1 MHz Mode !

CF 2.11 GHz 400 pts 40.0 kHz/
2 Marker Table —
Type Ref Trc Y-Value Function
M1 -66.89 dBm Qec By
T1 - M
T2

Fig. 3-96: NB-loT OBW measurements.

The limit is the NB-loT channel bandwidth of 200 kHz.

NB-loT inband and guard band Procedure

For NB-loT inband and guard band, the signal shall be s

e IRmM
M1[1] -66.89 dBm
2.109900000 GHz

Span 400.0 kHz

Function Result

185.590360811 k
2.1

een as a combination between

LTE carriers and NB-IoT carriers. The DUT (base station) transmits at the declared

maximum PRAT. E-TM1.1 for the LTE part and N-TM fo

The limits are the same as in Table 3-5.

r NB-1oT part are required.
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3.6.2

Demo program

No further special settings are needed for this test. It is performed in the base unit as a
general spectrum measurement, which means that it cannot be performed directly
using the PC SW. The measured bandwidth OBW is reported.

6.6.1 Occupied Bandwidlly T

Duplex mode. FO0

Carrier ;
Carrier Test
Test Item Frequency MHz| Status
(Mtiz)BW (MH2)  Model
6.6.1 Occupied Bandwidth
OBW | 2110] 10] E-TM1.1]8.93]lgnored

FSx: 0 "No error”

Fig. 3-97: Example report for test case 6.6.1.

Adjacent Channel Leakage Power (ACLR) (Clause 6.6.2)

The requirements for Adjacent channel leakage power ratio (ACLR) applies outside the
used RF bandwidth for single or multi-carrier configurations. In multi-carrier scenarios
with certain gap sizes (spectrum between two wanted channels) the requirements also
apply inside the unused gap. In addition, for multi-carrier special gap sizes the
Cumulative Adjacent channel Leakage power ratio (CACLR) applies.

ACLR

Scenario ACLR CACLR
Carrier Gap Inside gap | Outside RF
bandwidth
Single Carrier - -
5 MHz < Gap < 15 MHz ™
M
Multi-Carrier / CA | 15 MHz < Gap < 20 MHz | |
Gap = 20 MHz |

Table 3-18: Overview ACLR measurements

Adjacent Channel Leakage Power (ACLR)

Adjacent channel leakage power ratio (ACLR) is the ratio of the filtered mean power
centered on the assigned channel frequency to the filtered mean power centered on an
adjacent channel frequency. The requirements shall apply outside the base station RF
bandwidth or maximum radio bandwidth edges regardless of the type of transmitter
(single carrier, multicarrier and/or CA). [1]
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ALT
Channel
BWoiowest

Carrier

Power (dBm)

1MA154_9e

LTE
A :
3
m
z
g
S ALT ADJ ADJ ALT
Channel Channel Channel Channel
Fe f
BWochannel
Fig. 3-98: ACLR for single carrier; red marks the measurement regions.
LTE LTE LTE LTE Highest
Lowest Carrier Carrier Carrier
Carrier | 1 |
I I I
Ch‘:?;'" o ADJ ALT
BW Channel Channel
o BWhighest carrier || BWhighest carrier
Carrier
1 ] ' T
Fc_iow Fc_nigh
N Aggregated Channel Bandwidth, BWchannel_ca
F edge_low Fedge_high

Fig. 3-99: ACLR for multicarrier; red marks the measurement regions.

Table 3-20 through Table 3-19 list the relative and absolute limits.

Test requirements for ACLR

BS Type Minimum
Absolute Value
Wide Area -13 dBm/MHz
Category A Medium Range BS -25 dBm/MHz
Local Area -32 dBm/MHz
Home BS -50 dBm/MHz
Category B Wide Area -15 dBm/MHz

Table 3-19: ACLR: absolute minimum requirements

Rohde & Schwarz
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Base station ACLR in paired spectrum

Channel bandwidth | BS adjacent channel Assumed adjacent Filter on the adjacent A ACLR
of LTE lowest center frequency offset channel carrier channel frequency limit [dB]
(highest) carrier below the lowest or the and corresponding
transmitted above the highest carrier filter bandwidth
BWChannel [MHz] | center frequency
transmitted
1.4,3.0,5, 10,15, |BWChannel LTE of same BW Square (BWConfig) | 44.2
20
2 x BWChannel LTE of same BW Square ( BWConfig) 44.2
BWChannel/2 + 2.5 MHz | 3.84 Mcps WCDMA  RRC (3.84 Mcps ) 44.2
BWChannel/2 + 7.5 MHz | 3.84 Mcps WCDMA  RRC (3.84 Mcps) 44.2

Table 3-20: ACLR paired spectrum (FDD)

Base station ACLR in unpaired spectrum

Channel bandwidth | BS adjacent channel Assumed adjacent Filter on the adjacent | ACLR

of LTE lowest center frequency offset channel carrier channel frequency limit [dB]

(highest) carrier below the lowest or the and corresponding

transmitted above the highest carrier filter bandwidth

BWChannel [MHz] | center frequency
transmitted

1.4,3.0 BWChannel LTE of same BW Square ( BWConfig) 44.2
2 x BWChannel LTE of same BW Square ( BWConfig) 44.2
BWChannel/2 + 0.8 MHz | 1.28 Mcps WCDMA | RRC (1.28 Mcps ) 44.2
BWChannel/2 + 2.4 MHz | 1.28 Mcps WCDMA  RRC (1.28 Mcps) 44.2

5, 10, 15, 20 BWChannel LTE of same BW Square (BWConfig) 44.2
2 x BWChannel LTE of same BW Square ( BWConfig) 44.2
BWChannel/2 + 0.8 MHz | 1.28 Mcps WCDMA | RRC (1.28 Mcps ) 44.2
BWChannel/2 + 2.4 MHz | 1.28 Mcps WCDMA | RRC ( 1.28Mcps ) 44.2
BWChannel/2 + 2.5 MHz | 3.84 Mcps WCDMA | RRC ( 3.84 Mcps) 44.2
BWChannel/2 + 7.5 MHz | 3.84 Mcps WCDMA  RRC (3.84 Mcps)  44.2

Table 3-21: ACLR unpaired spectrum (TDD)

Non-contiguous Spectrum

For a base station in non-contiguous spectrum, the ACLR applies additionally for the

first adjacent channel inside any sub-block gap with a gap size Wgab = 15MHz. The

ACLR requirement for the second adjacent channel applies inside any sub-block gap

with a gap size Wgap = 20MHz (see Table 3-22). [1]

ACLR measurement channels inside gap

Gap Channel Offset 2.5 MHz Channel Offset 7.5 MHz
15 MHz < Gap < 20 MHz M
Gap = 20 MHz o o

Table 3-22: Measurements channels inside the gap
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LTE Sub-block Gap LTE
-
15 MHz < Wy, < 20 MHz

Power (dBm)

1MA154_9e

| |
Fc,low Fc nigh
- —p
chhannel chhannel

Fig. 3-100: Example for ACLR for multicarrier and sub-block gap; red marks the measurement
regions. As Wy, < 20 MHz, only the adjacent channels are measured in the gap.

Base station ACLR in non-contiguous paired spectrum or multiple bands

Sub-block or inter | BS adjacent channel Assumed adjacent Filter on the adjacent ' ACLR
RF bandwidth gap | center frequency offset channel carrier channel frequency limit [dB]
size (Wgap) Where below or above the sub- and corresponding
the limit applies block edge or the RF filter bandwidth

bandwidth edge (inside

the gap)
Wap 2 15 MHz 2.5 MHz 3.84 Mcps WCDMA | RRC (3.84 Mcps) 44.2
Wap 2 20 MHZz 7.5 MHz 3.84 Mcps WCDMA | RRC (3.84 Mcps) 44.2

Table 3-23: ACLR in non-contiguous paired spectrum (FDD) or multiple bands

Base station ACLR in non-contiguous unpaired spectrum or multiple bands

Sub-block or inter | BS adjacent channel Assumed adjacent Filter on the adjacent | ACLR
RF bandwidth gap | center frequency offset channel carrier channel frequency limit [dB]
size (Wgap) Where below or above the sub- and corresponding
the limit applies block edge or the RF filter bandwidth

bandwidth edge (inside

the gap)
Wap 2 15 MHz 2.5 MHz 5MHz LTE Square (BWConfig) 44.2
Woap 2 20 MHz 7.5 MHz 5MHz LTE Square (BWConfig) 44.2

Table 3-24: ACLR in non-contiguous unpaired spectrum (TDD) or multiple bands

Multi-band Operations

For a base station operating in multiple bands, where multiple bands are mapped onto
the same antenna connector, the ACLR applies additionally for the first adjacent
channel inside any inter RF bandwidth gap with a gap size Wgan 2 15MHz. The ACLR
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requirement for the second adjacent channel applies inside any inter RF bandwidth
gap with a gap size Wgap = 20MHz. [1]

For multi-bands, measure ACLR independently for every available band.

The setting is similar to Fig. 3-100, except the gap between the operating bands is
regarded instead of the sub-block gap.

Test setup
Trigger
R
|
[
|
BS RF
out) ATT

Fig. 3-101: Test setup for BS output power.

The DUT (base station) transmits with the declared maximum PRAT. E-TM1.1 and E-
TML1.2 are required.

For TDD signals, the trigger must be set to external.

Both cases -- LTE and WCDMA as adjacent channels-- are handled (see tables). Both
relative and absolute limits apply, although the easier to fulfill have to be met (see
Table 3-19 for absolute values). "Paired spectrum” applies to FDD and "unpaired
spectrum" to TDD configurations.

Single carrier

1. Inthe LTE option, start the measurement using MEAS and "Channel Power
ACLR"

2. Under CP/ACLR CONFIG, set the corresponding parameters. The measurement
for single carrier scenarios automatically takes data such as the bandwidth and
spacing from the signal description. Set the base station to transmit according to
E-TM 1.1. Use the applicable test configuration and corresponding power setting.
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| ACLR Setup

General Settings Channel Settings

Signal Description

Manage User Standards

RIS ER e ERGEN Max Power Tx Channel ACLR Mode Abs

Noise Cancellation Power Unit Abs /Hz

Fast ACLR Power Mode |7 CLRW  [SEESIle]

Selected Trace

General Settings Channel Settings

Signal Description

Manage User Standards

Bandwidths Spacing Limits Weighting Filters Names

Tx 1 Adj 9.015 MHz
Tx2 I 0.015 MHz
T« 3 Il 9,015 MHz

AN 9.015 MHz
Tx5 LSRN 0.015 MHz
=6 I 9.015 MHz

T 7 TN 0.015 MHz

Fig. 3-103: ACLR: channel settings: bandwidth for Tx and adjacent channels.
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Bandwidths Spacing Limits Wweighting Filters Names

Limit Checking Off

-
=
—

> >
= —
w N

[

FDD Downlink Test Model: Not selected yet

Channel Bandwidth 10MHz(50 RB) Bl Sample Rate 15.36 MHz Occupied BW 9.015 MHz
FFT Size 1024 Occ. Carriers 601

Adjacent Channels E-UTRA of same BW

Fig. 3-105: ACLR: signal description with switch for adjacent channels (LTE or WCDMA).
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Ref Level -
= Att z
1 ACLR o 1Rm

CF 1.0 GHz 1001 pts 5.1 MHz/ Span 51.0 MHz

2 Result Summary EUTRA/LTE Square
Channel Bandwidth Otftset Power
Tx1 (R 9.015 MHz -31.03 dBm
( -31.03 dBm
Bandwidth Lower Upper
> -51.18 dB -54.01 dB
-51.42 dB -54.09 dB

Fig. 3-106: ACLR for single carrier.

Multicarrier

For multicarrier and/or CA operation, set the base station to transmit according to E-
TM 1.1 on all carriers.

The procedure is illustrated here using the multicarriers example from chapter 2.3 (see
Fig. 2-5):

1. Inthe LTE option, start the measurement using MEAS and "Multi Carrier ACLR"
[ —

3GPP Signal Quality/Power

N
EVM/Frequency Err/Power

Time Alignment Error

3GPP Unwanted Emissions

Channel Power ACLR

e
Multi Carrier ACLR

Cumulative ACLR

Spectrum Emission Mask

Multi Carrier SEM
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2. Under SIGNAL DESCRIPTION, set the corresponding parameters. Set the
Number of Component Carriers (example: 4) and the frequencies and bandwidths.

ignal Description [ X

Mode Test Model: Not selected yet

Number of
Component Carriers

Physical Settings Carrier Configuration

i
Center Frequency Freq Offset to CC1 Bandwidth
= = (WIS F-UTRA of same BW %
I (Wl N >.3028 GHz [ 1.4MHz(6 RB) =
- — - = [B]o1 o=l F-LUTRA of same BW  *
CC 2 |eEReaV] 7.2 MHz SMHz(25 RB) :
| ) (8 J

- D (@ &\

(Wl 2. 4048 GHz 12.0 MHz SMHz(25 RB) s
- A 9
- =

(el 2.1096 GHz 16.8 MHz S5MHz(25 RB) -
- )

Fig. 3-107: Setting the 4 carriers and bandwidths. You can enter the center frequencies or the offsets.

MultiView =2 Spectrum

Ref Level 0.
Att 7 dB & SWT 50 d
1 ACLR o 1Rm C

A TE_SME

e . i = e i

2001 pts 3.38 MHz/ Span 33.8 MHz
2 Result Summary Multi-Standard Radio
Channel Bandwidth Frequency Power

1.09 2,393 G -42.39 dBm

-35.94 dBm

-35.94 dBm

-35.92 dBm

-30.85 dBm

ACLR Power

-51.94 dBc

-46.16 dBc

-52.30 dBc

-46.47 dBc

Fig. 3-108: ACLR with multicarriers.
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The LTE option automatically sets the right measurement channels and bandwidths,
even for the measurements in the gap.
Measurements inside the gap and Cumulative ALCR (CALCR)

In non-contiguous spectrum for certain gap sizes the ACLR applies also inside the gap.
In addition also the CALCR applies.

CACLR in a sub-block gap or inter RF bandwidth gap is the ratio of:

a) the sum of the filtered mean power centered on the assigned channel
frequencies for the two carriers adjacent to each side of the sub-block gap
or inter RF bandwidth gap, and

b) the filtered mean power centered on a frequency channel adjacent to one
of the respective sub-block edges or RF bandwidth edges.

Test requirements for CACLR

BS Type Minimum
Absolute Value

Category A Wide Area -13 dBm/MHz
Medium Range BS -25 dBm/MHz
Local Area -32 dBm/MHz
Category B Wide Area -15 dBm/MHz

Table 3-25: CACLR: absolute minimum requirements

Base station CACLR in non-contiguous paired spectrum or multi

Sub-block or inter RF BS adjacent channel | Assumed adjacent | Filter on the adjacent A CACLR
bandwidth gap size (Wgsp)  center frequency channel carrier channel frequency limit [dB]
where the limit applies offset below or above and corresponding

the sub-block edge or filter bandwidth

the RF bandwidth
edge (inside the gap)

5 MHz £ Wgqp < 15 MHz 2.5 MHz 3.84 Mcps WCDMA | RRC (3.84 Mcps) 44.2

10 MHz < Wgg, < 20 MHZ 7.5 MHz 3.84 Mcps WCDMA | RRC (3.84 Mcps) 44.2
Table 3-26: CACLR in non-contiguous paired spectrum (FDD) or multiple bands

Base station CACLR in non-contiguous unpaired spectrum or multiple bands

Sub-block or inter RF BS adjacent channel | Assumed adjacent | Filter on the adjacent A CACLR
bandwidth gap size (Wgsp)  center frequency channel carrier channel frequency limit [dB]
where the limit applies offset below or above and corresponding

the sub-block edge or filter bandwidth

the RF bandwidth
edge (inside the gap)

5 MHz £ Wgqp < 15 MHz 2.5 MHz 5 MHz LTE Square (BWConfig) | 44.2

10 MHZz < Wgqp < 20 MHz 7.5 MHz 5MHz LTE Square (BWConfig) 44.2
Table 3-27: CACLR in non-contiguous unpaired spectrum (TDD) or multiple bands

Filter parameters for the assigned channel

RAT of the carrier adjacent to the sub- Filter on the assigned channel frequency
block or inter RF bandwidth gap and corresponding filter bandwidth
LTE LTE of same bandwidth

Table 3-28: CACLR: Filter parameters for the assigned channel
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The CALCR is automatically measured in the multi-carrier ACLR, if applicable. In
addition it can be measured separately with the function Cumulative ACLR under
MEAS.

The following screenshots show an example with a measurement inside the gap. As
the gap is 17.5 MHz, only the cannels with 2.5 MHz offsets are measured (see Table
3-22).

Mode Test Model: Not selected yet

Number of
Component Carriers

Physical Settings Carrier Configuration

Center Frequency Freq Offset to CC1 Bandwidth

a o (VT E-UTRA of same BW  #
(MR 2.4 GHz SMHz(25 RB) =
| )

E-UTRA of same BW =

- o = = Upper
(el 2, 4225 GHz | 22.5 MHz 5MHz(25 RB) 5
L o y)

Fig. 3-109: Signal description for an example with measurements inside the gap

MultiView =2 Spectrum

Ref Level 0.00 dBrr
ALt T @ SWT S0
1 ACLR

B:LTE_SM1

Adi Upper
Alt1 Upper

CF 2.41125 GHz 2001 pts 4,89 MHz/ ‘Span 48.9 MHz

2 Result Summary Multi-Standard Radio
Bandwidth Fre Power
4.515 MHz 2.4 -33.99 dBm
=33.99dBm
Bandwidth Power
4,51 z Z -34.05 dBm
oC -34.05 dBm
1i Channel Bandwidth Offset ACLR Power
i Lower 5 Hz -47.75 dBc
/ -48.45 dBc
-47.88 dBc
‘ ) 1H: -48.47 dBc
Bandwidth ACLR Power CACLR Power
0h Hz -48.42 dBc -51.40 dBc
) MHz V] -49.18 dBc -52.22 dBc

Fig. 3-110: ACLR with a measurement inside the gap. The FSW automatically measure the in-gap
channels if necessary.
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LTE-Band 46
LTE band 46 is the unlicensed band for Licensed Assisted Access (LAA).

Please note that for band 46 different gap settings and different limits apply:

Base station ACLRband46 |

Channel bandwidth | BS adjacent channel Assumed adjacent Filter on the adjacent A ACLR
of LTE lowest center frequency offset channel carrier channel frequency limit [dB]
(highest) carrier below the lowest or the and corresponding
transmitted above the highest carrier filter bandwidth
BWChannel [MHz] | center frequency
transmitted
10 BWChannel LTE of same BW Square (BWConfig) 34.2
2 x BWChannel LTE of same BW Square ( BWConfig) | 39.2
20 BWChannel LTE of same BW Square (BWConfig) 35
2 x BWChannel LTE of same BW Square ( BWConfig) 40

Table 3-29: ACLR band 46

Base station ACLR in non-contiguous spectrum band 46

Sub-block or inter | BS adjacent channel Assumed adjacent Filter on the adjacent A ACLR
RF bandwidth gap | center frequency offset channel carrier channel frequency limit [dB]
size (Wgap) Where below or above the sub- and corresponding
the limit applies block edge or the RF filter bandwidth

bandwidth edge (inside

the gap)
Woap 2 60 MHz 10 MHz 20 MHz LTE Square (BWConfig) 35
Wap 2 80 MHz 30 MHz 20 MHz LTE Square (BWConfig) | 40

Table 3-30: ACLR in non-contiguous spectrum band 46

Base station CACLR in non-contiguous band 46

Sub-block or inter RF BS adjacent channel | Assumed adjacent | Filter on the adjacent | CACLR
bandwidth gap size (Wga,)  center frequency channel carrier channel frequency limit [dB]
where the limit applies offset below or above and corresponding

the sub-block edge or filter bandwidth

the RF bandwidth
edge (inside the gap)

20 MHz £ Wga, < 60 MHZz 10 MHz 20 MHz LTE Square (BWConfig) 34.2

40 MHz < W, < 80 MHz 30 MHz 20 MHz LTE Square (BWConfig) 34.2
Table 3-31: CACLR in non-contiguous paired spectrum (FDD) or multiple bands

NB-loT stand-alone Procedure

Base station ACLR NB-loT stand alone

Channel bandwidth | BS adjacent channel Assumed adjacent Filter on the adjacent | ACLR
of LTE lowest center frequency offset channel carrier channel frequency limit [dB]
(highest) carrier below the lowest or the and corresponding
transmitted above the highest carrier filter bandwidth
BWChannel [MHz] | center frequency
transmitted
0.2 300 kHz Stand alone NB-loT | Square (180 kHz) 39.2
500 kHz Stand alone NB-loT | Square (180 kHz) 49.2

Table 3-32: NB-loT ACLR
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The DUT (base station) transmits at the declared maximum PRAT. N-TM is required.

1. Inthe NB-loT option, start the measurement using MEAS and "Channel Power
ACLR"

2. Under CP/ACLR CONFIG, set the corresponding parameters. The measurement
for single carrier scenarios automatically takes data such as the bandwidth and
spacing from the signal description.

MultiView 22 Spectrum X NB-IoT

Ref Level -20 RBW 1 kHz
Att O dB 1 ) VBW 1 MHz
1 ACLR

|
| SSSSSS—— |L.I;\_A_‘_-._‘J|—.—I—
CF 2.11 GHz 1001 pts 123.0 kHz/ Span 1.23 MHz
2 Result Summary EUTRA /ETFE Square
Channel Bandwidth Offset Power
80,000 kHz -30.21 dBm
-30.31 dBm
Channel Bandwidtt Offset Lower Upper
i z -69.44 dBc -69.21 dBc
-70.12 dBc -70.12 dBc

Fig. 3-111: Nb-loT ACLR for single carrier.

NB-loT inband and guard band Procedure

For NB-1oT inband and guard band, the signal shall be seen as combination between
LTE carriers and NB-IoT carriers. The DUT (base station) transmits at the declared
maximum PRAT. E-TM1.1 for the LTE part and N-TM for NB-10T part are required.

The procedure is the same as for LTE.

Demo program

This test requires additional settings. The BS category affects the limit settings. The
adjacent channel to be measured must also be specified. Noise Cancellation is
enabled by default.
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3.6.3

1MA154_9e

Category

Category

Home BS Aggr. PFow 0 dBm
ACLR

Neighbour channel E-UTRA -

ACLR + Tx On/Off

Moise Cancellation J

Fig. 3-112: Special settings for ACLR.

The measured power values for the individual channels are output together with a
global limit check. MC tests are not supported by the PC SW.

Fodrdcicdcicicicdr 5 5 2 ACLH Frdcdededode e do e do e e do e o do o dodo o do e dodo o dode e do o de dodo do e o do o do i dododododo ik

Duplex mode: FOD

Multi carrier configuration

Carrier 00 BW 10 MHz, @ 2110 MHz
Carrier 1: BW 10 MHz, @@ 2150 MHz

Level

Power (Range) (dBm) Status
6.6.2 ACLR
Power Tx Channel 0 -12.82(lgnored
Power Tx Channel 1 -13.12 | lgnored
Power Adjacent Channel lower -63.29|lgnored
Power Adjacent Channel higher -63.54 lgnored
Power Alternate Channel lower -63.74(lgnored
Power Alternate Channel higher -64.06 | lgnored
CACLR (Gap0): Lower Adjacent -68.91 dBc|lgnored
CACLR (Gap0): Higher Adjacent -69.12 dBc|lgnored
CACLR (Gap0): Lower Alternate -69.43 dBc|lgnored
CACLR (Gap0): Higher Alternate -69.39 dBc|lgnaored
ACLR (Gap0): Lower Adjacent -66.04 dBc|lgnored
ACLR (Gap0): Higher Adjacent -65.96 dBc|lgnored
ACLR (Gap0}): Lower Alternate -G6.57 dBc|lgnared
ACLR (Gap0): Higher Alternate -G6.23 dBc|lgnaored
Over all - - -1 True|lgnored

Fig. 3-113: Example report for test case 6.6.2 with a two-carrier MC configuration and measurements
inside the gap.

Operating Band Unwanted Emissions (SEM) (Clause 6.6.3)
The operating band unwanted emission limits are defined from 10 MHz below the

lowest frequency of the downlink operating band up to 10 MHz above the highest
frequency of the downlink operating band.

Rohde & Schwarz 101



Transmitter Tests (Chapter 6)

1MA154_9e

For a base station operating in non-contiguous spectrum, the requirements apply
inside any sub-block gap. In addition, for multiband operation, the requirements apply
inside any inter RF bandwidth gap.

For base station capable of multi-band operation where multiple bands are mapped on
separate antenna connectors, the single-band requirements apply and the cumulative
evaluation of the emission limit in the inter RF bandwidth gap are not applicable [1].

In multicarrier or intra-band contiguous or non-contiguous carrier aggregation, the test
measurement is applicable below the lower edge of the lowest carrier and above the
upper edge of the highest carrier in the aggregated channel bandwidth present in an
operating band.

The test requirements shall apply as per categories either A or B. The minimum
mandatory requirement is mentioned in subclause 6.6.3.5.1 or subclause 6.6.3.5.2 [1],
whichever is applicable to the different type of base stations.

There are other optional requirements applicable regionally in subclause 6.6.3.5[2-3]

[1].

Test setup
Trigger
r-—-———"F~"~>""~>"~"~"~"~"~"~"~"~"~"~—7——+— 1
| |
| |
| |
BS RF
out)y ATT

Fig. 3-114: Test setup for BS output power.

The DUT (base station) transmits with the declared maximum PRAT. E-TM1.1 and E-
TM1.2 are required.

For TDD signals, the trigger must be set to external.MC is not supported at this time. It
will follow later in the internal FSW.

Procedure

The test is implemented in the LTE as a spectrum emission mask (SEM).

1. Under MEAS, select "Spectrum Emission Mask" in LTE.

2. The parameters defined under Signal Description (see Fig. 3-115) cause the
correct settings for the SEM test to be entered automatically. The BS category is
also important in that it determines the limits.
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Signal Description
firim Ermiccine R

FDD Downlink

Channel Bandwidth 10MHz{50 RB) Sample Rate 15.36 MHz QOccupied BW 9.015 MHz

Cyclic Prefix Normal FFT Size 1024 Qcc. Carriers 601

ngs

Category Category B, Opt. 2 Aggregated Max Power

Fig. 3-115: SEM: selecting the predefined settings in LTE.

Fig. 3-116 shows a SEM test. The Result Summary displays the results of the
individual ranges. The global limit check is displayed along the top.

0
N MW WO

-

-
O

Y

(3 00

Fig. 3-116: Operating band unwanted emission (SEM).

Multi-Carrier SEM
The test is implemented in the LTE as a spectrum emission mask (SEM).
1. Under MEAS, select "Multi Carrier SEM" in LTE.

2.  The parameters defined under Signal Description (see Fig. 3-117 and Fig. 3-118)
cause the correct settings for the SEM test to be entered automatically. The BS
category is also important in that it determines the limits.
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Mode FDD Downlink E Test Model: E-TM1 1 5MHz.allocation

Number of
Component Cartiers

Physical Settings Carrier Configuration

Center Frequency Freq Offset to CC1 Bandwidth

CC 1 |paeyeigF SMHz(25 RB) 5

(€eel 2. 42 GHz 10MHz(50 RB) =

| Gap: 125 MHz |

Frequency

Fig. 3-117: Multi Carrier SEM: selecting the predefined settings in LTE.

FOD Downlink Test Model: E-TM1 1  SMHz.allocation

Number of
Component Carriers

Physical Settings cCarrier Configuration

Channel Bandwidth Carrier Configuration

Cyclic Prefix

Category Aggregated Max Power

Category A

Category B, Opt. 1
Category B, Opt. 2
Local Area BS

=== Home BS

Range Up Medium Range : Power Abs Power Rel
Fig. 3-118: Multi Carrier SEM: BS category.

Fig. 3-119 shows a Multi Carrier SEM test. The Result Summary displays the results of
the individual ranges. The global limit check is displayed along the top.
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=, e Lo ; o RB L e Power A Power Re A

B eque Power A Power Re A

Fig. 3-119: Operating band unwanted emission (SEM).

Band 46
LTE band 46 is the unlicensed band for Licensed Assisted Access (LAA).

Please note that for band 46 different gap settings and different limits apply.

NB-loT

The DUT (base station) transmits with the declared maximum PRAT with N-TM.
The test is implemented in the NB-loT as a spectrum emission mask (SEM).

1. Under MEAS, select "Spectrum Emission Mask" in NB-IoT.

2. The parameters defined under Signal Description (see Fig. 3-115) cause the
correct settings for the SEM test to be entered automatically.

Fig. 3-120 shows a SEM test. The Result Summary displays the results of the
individual ranges. The global limit check is displayed along the top.
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Fig. 3-120: NB-loT Operating band unwanted emission (SEM).

For NB-loT in-band and guard band, the signal shall be seen as a combination

between LTE carriers and NB-1oT carriers. The DUT (base station) transmits at the
declared maximum PRAT. E-TM1.1 for the LTE part and N-TM for NB-10T part are

required.

The procedure is the same as for LTE.

Demo program

No further special settings are needed for this test. The test is carried out as a

spectrum measurement. The measured power values for the individual ranges are
output together with a global limit check. MC tests are not yet supported.

Fermkxrr 6.6.3 Operating Band Spurnious EmMissions (SEM) *rrsrss=

Duplex mode. FO0

Start Stoy REBW| Level

SEM (Range) (MH2) :MHE (MHz)| (aBmy| St2tUS
6.6.3 Operating Band Spurious Emissions (SEM)
Power 0 175 -156.5 1.00-81.02 (lgnored
Power 1 -151 =101 0.1]-87.98 |lgnored
Power 2 =101 -5.1 0.1]-56.91 (lgnored
Power 3 5.1 101 0.1]-57.34 lgnored
Power 4 101 15.1 0.1]-88.07 |lgnored
Power 5 155 175 1.0]-80.65lgnored
Over all - - -1 True|lgnored

FSx: 0,"No error”

Fig. 3-121: Example report for test case 6.6.3.

1MA154_9e
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3.6.4 Transmitter Spurious Emissions (Clause 6.6.4)

Spurious emissions are emissions, which are caused by unwanted transmitter effects
such as harmonics emission, parasitic emission, intermodulation products and
frequency conversion products, but exclude out-of-band emissions [1].

LTE
-13dBm | |
Limit (Category A) < » | : >
10 MHz offset: : 10 MHz offset

. [ I

| |

% | |

| |

z | |

'a-, | |

2 | |

o | |

| |

o | |

| |

| |

| |

| |

/l/ | | q/ »
9kHz VN > 12.75GHz f

I Operating band !
Fig. 3-122: Spurious emissions.

The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the
frequency range from 10 MHz below the lowest frequency of the downlink operating
band up to 10 MHz above the highest frequency of the downlink operating band. For
BS capable of multi-band operation where multiple bands are mapped on the same
antenna connector, this exclusion applies for each supported operating band. For BS
capable of multi-band operation where multiple bands are mapped on separate
antenna connectors, the single-band requirements apply and the multi-band exclusions
and provisions are not applicable. For some operating bands, the upper frequency limit
is higher than 12.75 GHz [1].

The test is performed for SC as well as MC and/or CA.

Spurious emissions (Category A)

Frequency range Maximum level Measurement bandwidth

9 kHz — 150 kHz 1 kHz

150 kHz — 30 MHz 10 kHz

30 MHz — 1 GHz 13 dBm 100 kHz

1 GHz -12.75 GHz 1 MHz

12.75 GHz - 5th harmonic of the 1 MHz

upper frequency edge of the DL Applies only for bands 22, 42 and
operating band in GHz. Applies 43.

only for bands 22, 42 and 43.
Table 3-33: Spurious emissions requirement for Cat A
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| Spurious emissions (CategoryB) |

Frequency range Maximum level Measurement bandwidth
9 kHz — 150 kHz 1 kHz
-36 dBm
150 kHz — 30 MHz 10 kHz
30 MHz — 1 GHz 100 kHz
1 GHz - 12.75 GHz - 30dBm 1 MHz
12.75 GHz - 5th harmonic of the 1 MHz
upper frequency edge of the DL ' _ 3 4gm Applies only for bands 22, 42 and
operating band in GHz. Applies 43.

only for bands 22, 42 and 43.
Table 3-34: Spurious emissions requirement for Cat B

The following parameters additionally apply for the protection of the base station
receiver:

Protection of the BS receiver

BS Frequency range Maximum level Measurement bandwidth
Wide Area BS FuL_tow = FuL_nigh -96 dBm 100 kHz
Medium Range BS FuL_tow = FuL_nigh -91 dBm 100 kHz
Local Area BS FuL low — FuL_nigh -88 dBm 100 kHz
Home BS FuL tlow — FuL_nigh -88 dBm 100 kHz

Table 3-35: BS spurious emissions limits for protection of the BS receiver

Note:

Additional limits apply for regional coexistence scenarios. These are dependent
on the operating band in accordance with Tables 6.6.4.5.4-1 through 6.6.4.5.5-3

[1].

Test setup

The test requires a notch (or a diplexer) filter that suppresses the frequency range of
the LTE carrier on the base station. This makes it possible to meet high dynamic
requirements (e.g. DUT transmits with 24 dBm, Limit in Protection receiver test —96
dBm -> dynamic is 120 dB).

(E?UST) TX/RX ATT »1Notch

Fig. 3-123: Test setup: spurious emissions.

The DUT (base station) transmits with the declared maximum PRAT. E-TM1.1is
required.
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Procedure
1. Inspectrum mode, select MEAS and then "Spurious Emissions".

2. Under Sweep List check the settings and adapt them as necessary. The
predefined level values apply for Category A.

3. Press Adjust X-Axis. The settings are prefilled.

Range 1 Range 2 Range 3 Range 4
Q9 kHz 150 kHz 30 MHz 1 GHz

Range Stop 150 kHz 30 MHz 1 GHz 12.75 GHz

Filter Type MNormal(3... Normal{3... | Normal(3... | Normal{ 3...

1 kHz 10 kHz 100 kHz 1 MHz
3 kHz 30 kHz 300 kHz 3 MHz
Sweep Time Mode Auto Auto Auto Auto

Sweep Time 14.1 ms 29.9 ms 32.1 ms 35.3 ms

RMS RMS RMS RMS
Ref, Level 0 dBm 0 dBm 0 dBm 0 dBm
RF Att. Mode Auto Auto Auto Auto
RF Attenuator 10 dB 10 dB 10 dB 10 dB

Off aff aff Off
Sweep Points 701 4001 32001 32001
Stop After Sweep Off off off off
Transducer None None None None

Limit Check Absolute Absolute Absolute Absolute

Abs Limit start -13 dBm -13 dBm -13 dBm -13 dBm

-13 dBm -13 dBm -13 dBm -13 dBm

Abs Limit Stop

Delete
Range

Fig. 3-124: Spurious emissions: predefined sweep list.

1 Spurious Emissions

CF 6.3750045 GHz 68704 pts = 1.27 GHz/ Span 12.749991 GHz

2 Result Summary -

Frequency Power Abs ALimit
98.20613 kHz -42.24 dBm -29.24 dB
243.25794 kHz -41.65 dBm -28.65 dB
889.55986 MHz -55.06 dBm -42.06 dB
1.86855 GHz -46.02 dBm -33.03 dB

Fig. 3-125: Spurious emissions up to 12.75 GHz. The carrier is suppressed using filters. The results
for the individual ranges are displayed at the bottom, and at the top is the limit check.
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3.7

NB-loT
The DUT (base station) transmits with the declared maximum PRAT with N-TM.

For NB-loT inband and guard band, the signal shall be seen as combination between
LTE carriers and NB-IoT carriers. The DUT (base station) transmits at the declared
maximum PRAT. E-TM1.1 for the LTE part and N-TM for NB-10T part are required.

The limits in Table 3-33 and Table 3-34 apply.

Demo program

This test requires additional settings. The BS category affects the limit settings. The
test is performed in the base unit as a spectrum measurement, which means that it
cannot be performed directly using the PC SW. The measured ranges and a limit
check are reported.
Category
Category
Home BS Aggr. Pow 0 dBm

Fig. 3-126: Special settings for spurious emissions.

ek 66,4 Tx Spurious Emissiong Tt

Duplex mode. FO0D
Test [tem

Start| Stop BW RBW
(MH2Z) (MHZ) (MHZ) dBm| Status

6.6.4 Tx Spurious Emissions

Power 0 0.0 0.2 0.001 (-97.26 | lgnored
Power 1 0.2 30.0 0.010(-88.53 | lgnored
Power 2 30.0( 1000.0 0.100(-78.80|lgnored
Power 3 1000.0] 12750.0 1.000|-14.81 | lgnored

Ower all - -

True | lgnored

F5x: 0. '"Wo ermror”

Fig. 3-127: Example report for test case 6.6.4.

Transmitter Intermodulation (Clause 6.7)

The transmitter intermodulation requirement is a measure of the capability of the
transmitter to inhibit the generation of signals in its nonlinear elements caused by
presence of the own transmit signal and an interfering signal reaching the transmitter
via the antenna. The requirement applies during the transmitter ON period and the
transmitter transient period.

The transmit intermodulation level is the power of the intermodulation products when
an E-UTRA signal of channel bandwidth 5 MHz as an interfering signal is injected into
an antenna connector at a mean power level of 30 dB lower than that of the mean
power of the wanted signal. The interfering signal offset is defined relative to the
channel edges. [1]
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The test is performed for SC as well as MC and/or CA, for both contiguous and non-
contiguous spectrum operation.

|
| foffset |
S 30dB

Power (dBm)

| |
Fc : Fc_ihtermod

Fedge_low Fedge_high

Fig. 3-128: Transmit intermodulation.

Transmit intermodulation

Wanted signal Interfering signal Parameter Frequency offset
Interfering signal center | +2.5 MHz
; ; ; ; frequency offset from the
LTE signal with 5 MHz LTE signal with
maximum bandwidth with £_1p1 1 lower (upper) edge of  +7.5MHz
E-TM1.1 . : the wanted signal or
-30dBc edge of sub-block inside | ¥12.5 MHz

a sub-block gap

Table 3-36: Transmit intermodulation parameters

Non-contiguous Spectrum

For a base station operating in non-contiguous spectrum, the interfering signal falls
completely within the sub-block gap. The interfering signal is linked to the gap edge
relative to the signal offset (see Fig. 3-129).

Sub-block Gap

Power (dBm)

. | .
FC,Iow FC_Intermod FC,high

Fig. 3-129: Transmit intermodulation for non-contiguous spectrum. The interfering signal falls in the
sub-block gap.
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Multi-band Operation

When multiple bands are mapped on separate antenna connectors, the single-band
requirements apply regardless of the interfering signals position. The interfering signals
are located relative to the inter RF bandwidth gap and shall fall completely within the
inter RF bandwidth gap.

Test setup

(DBUST) TX/RX ATT <

FSx

“TE-sase 0 1110 e 8

-7

Fig. 3-130: Test setup: transmitter intermodulation.

Overview of settings:

1 The DUT (base station) generates the wanted signal at Fc with BW channel and E-
TM1.1.

1 The SMx generates a 5 MHz LTE signal with E-TM1.1 and the offsets in
accordance with Table 3-36, without interfering frequencies that are outside of the
allocated downlink operation band or interfering frequencies that are not
completely within the sub-block gap or within the inter RF bandwidth gap.

Procedure

Use the SMx to generate a 5 MHz LTE signal with E-TM1.1 as described in Section
3.1.2. The frequency offset is entered directly under Frequency as described in Table
3-36. Set the level so that it is 30 dB under the level of the wanted signal.

The measurements shall be limited to the frequency ranges of all third and fifth order
intermodulation products, considering the width of these products and excluding the
channel bandwidths of the wanted and interfering signals.

The measurement regions are then calculated according to the table:
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Measurement regions calculation ...

Order of intermodulation products Center frequency Intermodulation width
2F1 + Fz 2*BWChanneI + 1*5 MHz
3rd order 2F,+ Fy 2*5 MHz + 1*BW channel
3F1+ 2F; 3*BW channet + 2*5 MHz
3F,+ 2F; 3*5 MHz + 2*BW channel
5th order
4F .+ F, 4*BWchannel + 1*5 MHz
AF,+ F, 4*5 MHz + 1*BWchannel

Note: F1: Wanted signal, F,: Interferer

Table 3-37: Calculating the measurement regions for the intermodulation product

Ranges, which are calculated with subtraction and which have small distance to the
wanted signal, may overlap with the wanted signal or the interferer (see example in
Fig. 3-131). The ranges must be adjusted accordingly. In principle, the following
intermodulation products (ranges) can be affected:

1 2F1+ F2
1 2F1-F2
1 2F2+ F1
1 2F2-F1

The settings are explained in this example:
1 Wanted signal: F1 = 2140 MHz with BW channel = 20 MHz

1 Interferer offset: + 2.5 MHz: F2 = 2140 MHz + BWchannel/2 + 2.5 MHz =
2152.5 MHz

1 3rd order

. 2F1+ F2=6432.5 MHz, Intermodulation BW =45 MHz
. 2F1- F2 =2127.5 MHz, Intermodulation BW = 45 MHz
. 2F2+ F1= 6445 MHz, Intermodulation BW = 30 MHz
. 2F2- F1= 2165 MHz, Intermodulation BW = 30 MHz

The ranges for the 5th order can be calculated using the same method.
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Wanted Signhal Interferer
A LTE LTE
20 IYIHz 5 MHz

Intermodulation
product (high)
30 MHz

|

|

|

| |
|

: Measurement Region

Intermodulation
product (low)
45 MHz

Measurement Reg|on
|

Power (dBm})

Fm
eas_low ;
Fedge_lo Meas_high

Flntermod_low foffset_intermod Flntermod_h igh

Fig. 3-131: Measurement regions for the intermodulation test. Regions that overlap with the wanted
signal or the interferer must be excluded (example: with a wanted signal of 20 MHz and an offset of
2.5 MHz for the interferer).

The regions to be measured can be calculated as follows:

BWweas_low = F1 — BWRraw / 2 — ( Fintermod_low — BW intermod_width_low / 2)
BWweas_high = Fintermod_nigh + BWintermod_width_high / 2 — (F2 + BWinterferer / 2)
with the corresponding middle frequencies Fueas_low and Fueas_nigh
Fmeas_low = F1 — BWchannel_wanted / 2 — BWmMeas_low/ 2

FMeas_high =F2+ BWChanneI_Interferer /2 + BWMeas_high/ 2

The following regions result for the example:

BWweas_low = 2140 MHz — 2127.5 MHz — 20 MHz / 2 + 45 MHz / 2 = 25 MHz
BWweas_high = 2165 MHz — 2140 MHz — 20 MHz / 2 — 5 MHz + 30 MHz / 2 = 25 MHz
Fmeas_tow = 2140 MHz — 10 MHz — 12.5 MHz = 2117.5 MHz

Fmeas_nhigh = 2152.5 MHz + 2.5 MHz + 12.5 MHz = 2167.5 MHz

Summary Example

Wanted Signal F1 = 2140 MHz BW channet = 20 MHz
Interferer (Offset: + 2.5 MHz) F, =2152.5 MHz BW terterer = 5 MHZz
Fintermod_iow 2F; - F; =2127.5 MHz BW ntermod_low = 45 MHz
Fintermod_high 2F;- F1= 2165 MHz BW termod_nigh = 30 MHz
Measurement Region low Fueas_low= 2117.5 MHz BWeas_tow = 25 MHz
Measurement Region high Fueas_nigh = 2167.5 MHz BWeas_nigh = 25 MHz

Table 3-38: Summary example for Tx intermodulation (3 order products)
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NB-loT

For NB-loT standalone the same rules apply, the channel bandwidth is 200 kHz.

A NB-loT LTE
5 MHz
I I
[ N
|
Ifoffset |
g | “> 30dB
@ |
z |
T | e
@
= [
o |
o |
|
-
I f
FC: FC_IIntermod
Fedge_low Fedge_high

Fig. 3-132: NB-loT Transmit Intermodulation

Measurements

The same conditions apply for these measurements as for:

1 ACLR

1 Operating band unwanted emissions (SEM)

1 Spurious emissions

The measurement regions can be limited to the regions containing the intermodulation
products.

ACLR

The procedure for the ACLR measurement is the same as described for ACLR in
Section 3.6.2, except that the measurement regions must be adapted:

1. Start the ACLR test

2. Set the bandwidth for TX1 (example: 18 MHz) and for the ADJ channel on the
intermodulation bandwidth (e.g. 25 MHz)

1MA154_9e Rohde & Schwarz 115



Transmitter Tests (Chapter 6)

1 s RBW 100 kHz

General Settings Channel Settings

b 8l [ aln:
Signal Description TX
Manage User Standards

Bandwidths Spacing Limits Weighting Filters Names

IR AN 18.0 MHz ADJ 25.0 MHz
k2N 18.0 MHz ALT 1

Fig. 3-133: Transmit intermodulation: Setting the bandwidths (18 MHz for the wanted signal and
25 MHz for the intermodulation bandwidth in the example).

3. Set the offset of the lower intermodulation product (e.g. Fc — Fc_meas_low =
22.5 MHz).

ACLR Setup

General Settings Channel Settings

Ch

ard [
Signal Description
Manage User Standards

TX

Bandwidths Spacing Limits Weighting Filters Names

han

Fig. 3-134: Transmit intermodulation: set the intermodulation product spacing (Fc — Fc_meas_low =
22.5 MHz in the example).
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20 MHz BW
Wanted Signal

5 MHz BW
Interferer

25 MHz

I
I
I
|
I
Measurement Region, |
I
I
I
I
I
I

I
[
[
I
I
I
[
I
[
[

1001 pts |
LAETE Square
Offset T Power
23.04 dBm
23.04 dBm
COfrset Lower Uppeer
-44.86 dB -29.67 dB

Fig. 3-135: Transmit intermodulation: measuring the lower intermodulation product.

4. Set the spacing of the upper intermodulation product (example: Fc_meas high — Fc =
BWMeas_region_Iow / 2+ BWChanneI / 2+ BWInterferer =275 MHZ).

20MHz BW
Wanted Signal

5MHz BW
+—Interferer

Measurement Region,
25MHz

101 peis
EUTRAMTE Square
Offset Power

22.80 dBm FCfmeasihigh
22

Offset i Lipgeer
7, 500 M -55.17 dB

Fig. 3-136: Transmit intermodulation: Measuring the upper intermodulation product. The interferer is
excluded from the test.

5. Repeat the procedure for the other tests (3rd + 5th order, each with different
offsets)

Operating band unwanted emission (SEM)

The procedure for the SEM measurement is the same as described for SEM in Section
3.6.3, except that the measurement regions must be adjusted:

1. Adjust the measurement region to the intermodulation products. This is done via
SPAN (example: intermodulation regions to be measured = 25 MHz on both sides,
SPAN =2 * 25 MHz + 20 MHz (BW wanted signal) = 70 MHZz)
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2. Adjust the SWEEP times for the modified regions in the SWEEP LIST, e.g. by
setting to AUTO (Fig. 3-137).

Spectrum Em

Sweep List

Reference Range

"-u-lT.l.'—i-.“l . |
on Mask

Power Classes

Standard Files

Fig. 3-137: Setting the sweep time.

Measurement Region,
25 MHz

20 MHz BW
Wanted Signal

Fregquency
2.11062 GHz
2.12253 GHz
2.12975 GH:
2.15445 GHz
2.15525 GHz
2.17207 GHZ

Fig. 3-138: Transmit intermodulation: adjusted SEM test.
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Spurious emissions

5 MHz BW
Interferer

Power Al
=44.77 dBm
=51.24 dBm
=29.76 dBm
=13.46 dBm

Range 1 Range 2 Range 3 Range 5 Range 6 Range 7
Range Start -17.5 MHz | -15.05 MHz | -10.05 MHz 5.05 MHz 10.05 MHz 15.5 MHz
Range Stop -15.5 MHz | -10.05 MHz 15.05 MHz 17.5 MHz
off Off off off Off off
Filter Type Channel |Normal{3...| Channel Channel |Normal{(3...| Channel
1 MHz 100 kHz 100 kHz 100 kHz 100 kHz 1 MHz
VBW 3 MHz 300 kHz 300 kHz 300 kHz 300 kHz 200 kHz 3 MHz
Sweep Time Mode Auto Manual Manual Manual Manual Manual .
Sweep Time 1 ms 10 ms 100 ms 100 ms 10 ms
Ref Level 0 dBm 0 dBm 0 dBm 0 dBm 0 dBm
RF Att Mode Auto Auto Auto Auto Auto
RF Attenuation 10 dB 10 dB 10 dB 10 dB 10 dB
off off off off off off
Transducer None None None None None None
Limit Check 1 Absolute Absolute Absolute Absolute Absolute Absolute
Abs Limit Start 1 -13 dBm -12.5 dBm | -12.5 dBm -5.5dBm | -12.5 dBm -13 dBm
Abs Limit Stop 1 -13 dBm -12,.5 dBm | -5.5 dBm -12.5dBm | -12.5 dBm -13 dBm

Measurement Region,

25 MHz

LTE Category A
]

-54.61 dB

Al irmat
=28.54 dB
=38.74 dB
=23.99 dB
=11.79 dB
-33.41 dB
-2B.58 dB
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The procedure for the spurious emissions test is the same as described for Spurious
Emissions in Section 3.6.4.

Demo program

This test requires additional settings. The BS category affects the limit settings. The
offset must be selected under Intermodulation. The test is a combination of ACLR,
SEM and Spurious Emission. The measured regions are reported. The level of the
intermodulation signal is set at 30 dB under the reference level.

Category
Category
Home BS Aggr. Pow 0 dBm

Intermodulation
Intermodulation offset  |-2.5 ~| MHz

Fig. 3-139: Special settings for transmitter intermodulation.
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FErmkars 6.7 Transmitter Intermodulation Tt

Duplex mode: FO0

Meas| Channel Level
Power (Range) Freq BW (dBm) Status
(MHz) (MHz)
6.7 TX Intermodulation ACLR @ 211 -2
Power Tx Channel -77.14 | lgnored
Power Meas Range higher 21225 15.00 -74.94 | lgnored
Meas| Channel
Power (Range) Freq BW l::ig‘:r?; Status
(MHz) (MHz)
6.7 TX Intermodulation ACLR @ 212 -1
Power Tx Channel -77.08]|lgnored
Power Meas Range lower 20925 15.00 -74.88 | lgnored
Meas| Channel
Power (Range) Freq BW l::ig"rrr?; Status
(MHz) (MHz)
6.7 TX Intermodulation ACLR @ 311 - 212
Power Tx Channel -77.08|lgnored
Power Meas Range higher 2130 30.00 -72.00|lgnored
Meas| Channel
Power (Range) Freq BW ‘I&E‘:ﬁ; Status
{MHz) {(MHz)
6.7 TX Intermodulation ACLR @ 312 - 211
Power Tx Channel =710 lgnored
Power Meas Range lower 2085 30.00 -71.96|lgnored
Start Sto| REW| Level
SEM (Range) (MH2) ‘MHE (MH2)| (dBrmy| St2tUS
6.7 TX Intermodulation SEM
Power 0 -50.0 -15.5 1.0(-80.37 | lanored
Power 1 -15.1 =101 0.1|-87.36 | lgnored
Power 2 =101 -5.1 0.1]-92.66 | lgnored
Power 3 5.1 101 0.1]-92.50]|lgnored
Power 4 10.1 15.1 0.1]-86.98 | lgnored
Power 5 155 50.0 1.0(-80.61|lgnored
Over all - - -1 True|lgnored
FSx: 0. 'No error”
Test ltem :rs.ntljzr; “i}fﬁ ooel MHzZ| Status
6.7 Tx Intermodulation Spurious Emission
Power 0 0.0 0.2 0.001|-99.68 (lgnored
Power 1 0.2 30.0 0.010|-92.97 [lgnored
Power 2 3000 10000 0.100|-80.45(lgnored
Power 3 1000.0| 12750.0 1.000(-72.51 |lgnored
Over all - - -l True|lgnored

F5x: 0,'"No ermor”

Fig. 3-140: Example report for test case 6.7. The measurement is taken on the intermodulation

products.

Rohde & Schwarz 120



Appendix

1MA154_9e

4 Appendix

4.1 R&S TSrun Program

The TSrun software application makes it possible to combine tests (modules) provided
by Rohde & Schwarz into test plans to allow rapid and easy remote control of test
instruments. This program is available free of charge from our website.
Requirements

Operating system:

1 Microsoft Windows XP / Vista / Windows 7 / Windows 8 / Windows 10

1 .NET framework V4.0 or higher

General PC requirements:

1 Pentium 1 GHz or faster

1 1 GByte RAM

1 100 Mbyte space harddisk

1 XGA monitor (1024x768)

Remote control interface:

1 National Instruments VISA

1 GPIB card

Or

1 LAN connection

After TSrun is launched, the following splash screen appears:
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4, R&S TSrun = B e
File  View Resources Options Testplan Favorites Help

m File Browsers ifj Mew E Open (@ Save All # Abort All

MI— Mo Testplan Loaded |

[ Add [=] Remove - ; Favorite
- | Installed

| My Test Plans

| Ppplication Notes

Session:  schulz License Server: None

Fig. 4-1: Overview TSrun

Tests and test plans

Tests are separate, closed modules for TSrun. A test plan can consist of one or more
tests.
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1 Abort Wl Step | Idle | ﬁ Parameters —TgF‘.esources -

LTE_BS_Tx Tesls |

41

Ered R enx =
Steps I Description
LTE BS Tx Tests
-« 1 LTE_BS_Tx_Tests

I Testplan Details I Yield I Measurement Report I SCPI Report IF‘rogress Log

Fig. 4-2: Overview of atest plan in TSrun. The test plan in the example contains only one test
(LTE_BS_Tx_Tests). After the test is completed, the bar along the bottom can be used to display the
measurement and SCPI reports.

The LTE BS tests can be found under Tests/ApplicationNotes.
Click RUN to start the current test plan.

SCPI connections

Under Resources|SCPI Connections you can add all required instruments for remote
control.
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'gﬂ&smmn e IR ——— - -
e e

File  View | Resources | Options  Testplan  Favorites  Help

'3 File Browsers Bar Code Reader ... ben [ Save All | (@ Abort All .
CMW Instrument ... naded |

Measurement Report ...

Add [=IRs
@}, Installed CMW-ZASE Instrurnent ...
o My Test | SCPI Connections ... |I
E-6 Aeplicat SCPI Report ...
Serial Port ...
Test Setup ...

Fig. 4-3: Setting the SCPI connections.

Use Configure... to open a wizard for entering the VISA parameters (Fig. 4-5). Enter
"localhost" for the external PC SW. Use the Test Connection button to test the
connection to the instrument. When the Demo Mode button is enabled, no instruments
need to be connected because TSrun will run in demo mode and output a fictitious test

report.
- -
# SCPI Connections u
Globals |
b Alias Resource Name Timeout o
[]]sme TCPIP:RSSMUZ00A103455::1... | 10000

TCPIP:FSW13-101157:INSTR | 10000

b

Fig. 4-4: SCPI connections.
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Resource Name Composer @
Alizs

Remote Inteface Assistant

e VISA: Mational Instruments; V5.2.060
Resource Mame Interface Type: W11 (Metwork) -
TCPIP:FSW13-101157:INSTR Board No.

TCPIP
Timeout {ms) IP Address (©)  Host Name @
10000 Host Mame  FSW13-101157

0K ][ Cancel

Fig. 4-5: Wizard for entering VISA parameters. Both the IP address and a host name can be entered
directly.

Reports: Measurement and SCPI

After the test is completed, TSrun automatically generates both a measurement and a
SCPI report.

The measurement report shows the actual results and the selected settings.

The SCPI report returns a LOG file of all transmitted SCPI commands. These can then
be copied and easily used in separate applications.
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4.2

Protocol

Test Case 1: Measurement

m

0:00:00.048.35%: Initializing testcase!

0:00:00.048.710: TCPIP::FSW13-101157::INSTR. already open. Opening new channel

0:00:00.049.308: Opening new remote channel: FSx

0:00:00.050.740: Connection to FSx(TCPIP::FSW13-101157::INSTR) established!

0:00:00.051.207: Session handle: 1

0:00:00.051.898: Resource Mame: TCPIPO::FSW13-101157:INSTR

0:00:00.052.318: VISA Manufacturer: Mational Instrurmnents

0:00:00.052.728: [—=TCPIP::FSW13-101157::INSTR] *IDN?

0:00:00.053.519: [<--TCPIP::FSW13-101157::INSTR] Rohde&Schwarz, FSW-13,1312.8000
K13/101157,1.81 11 Beta

0:00:00.062.515: [-=TCPIP::FSW13-101157::INSTR] ®RST;*CLS;*0PC;

0:00:00.063.483: [—=TCPIP::FSW13-101157::INSTR] INST:SEL LTE;*0PC?

0:00:00.389.506: [<—-TCPIP:FSW13-101157::INSTR] 1

0:00:00.391.530: Opening new remote channel: SMx

0:00:00.416.394: Connection to SMx{TCPIP::RSSMUZ200A103455::INSTR) established!

0:00:00.428.844: Session handle: 2

0:00:00.421.486: Resource Mame: TCPIPO::RSSMUZ200A103455::INSTR

0:00:00.433.090: VISA Manufacturer: Mational Instruments

0:00:00.434.619: [—=TCPIP::RSSMU2004103455::INSTR] *IDN?

0:00:00.437.948: [«<—-TCPIP::RSSMUZ00A103455::INSTR] Rohde&Schwarz, SMUU2004,114
1.2005k02/103455,2.7.15.1-02.20.360.142

0:00:00.440.240: [—>TCPIP::RSSMUZ00A103455::INSTR] SYST:ERR:ALL?

0:00:00.442.742: [<-TCPIP::RSSMUZ2004A103455::INSTR] 0,"Mo errar”

0:00:00.444.658: [—=TCPIP::RSSMUZ00A103455::INSTR] *RST;*CLS;*0PC?

0:00:01.340.916: [<—TCPIP::RSSMUZ200A103455:INSTR] 1

M=nn=n1 247 752 (- Troi0--RPCCMIITNNATN2455-TMSTR] SN IR -DMWANEES 11
Testplan Details I Yield | Measurement Report | SCP| Report | Progress Lug|

Fig. 4-6: SCPI report.
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4.3 Additional Information

Please send your comments and suggestions regarding this white paper to

TM-Applications@rohde-schwarz.com

4.4 Ordering Information

Ordering information for analyzers

Up to 8, 13, 26, 43, 67 or 85 GHz FSW 1312.8000Kxx
E-UTRA/LTE FDD Downlink FSW-K100 1313.1545.02
E-UTRA/LTE DL/MIMO Measurements FSW-K102 1313.1568.02
(Requires FSW-K100 and/or FSW-K104)

E-UTRA/LTE TDD Downlink FSW-K104 1313.1574.02
EUTRA/LTE NB-loT Downlink Measurements FSW-K106 1331.6351.02
Upto 3,7,13,30,0r40 GHz FSV 1307.9002Kxx
Upto4,7,13,30,or40 GHz FSVA 1321.3008.xx
E-UTRA/LTE FDD-Downlink FSV-K100 1310.9051.02
E-UTRA/LTE DL/MIMO Measurements FSV-K102 1310.9151.02
(Requires FSV-K100)

E-UTRA/LTE TDD Downlink FSV-K104 1309.9774.02
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Rohde & Schwarz

The Rohde & Schwarz electronics group offers
innovative solutions in the following business fields:
test and measurement, broadcast and media, secure
communications, cybersecurity, radiomonitoring and
radiolocation. Founded more than 80 years ago, this
independent company has an extensive sales and
service network and is present in more than 70
countries.

The electronics group is among the world market
leaders in its established business fields. The
company is headquartered in Munich, Germany. It
also has regional headquarters in Singapore and
Columbia, Maryland, USA, to manage its operations in
these regions.

Regional contact

Europe, Africa, Middle East
+49 89 4129 12345
customersupport@rohde-schwarz.com

North America
1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America
+1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific
+65 65 13 04 88
customersupport.asia@rohde-schwarz.com

China
+86-800-810-8228 /+86-400-650-5896
customersupport.china@rohde-schwarz.com

Sustainable product design
1 Environmental compatibility and eco-footprint
I Energy efficiency and low emissions

I Longevity and optimized total cost of ownership

Cartified Qualty Manapemen:

ISO 9001

Cartified Ervironmental Management

1ISO 14001

This application note and the supplied programs
may only be used subject to the conditions of use
set forth in the download area of the Rohde &
Schwarz website.

R&S® is a registered trademark of Rohde & Schwarz GmbH & Co.
KG; Trade names are trademarks of the owners.
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