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1 Introduction

The R&S ®CMW500 signaling and measurement solution can be used to perform all the
transmitter and receiver tests specified in TS 36.521-1 for 3GPP Release-9. This document
provides a step-by-step guide to performing Release-9 measurements according to 3GPP

TS 36.521 V10.4.0, Clauses 6 and 7, using the R&S®CMWS500 LTE callbox. This description
refers to the functionality provided with Version 3.2.50 of the R&S®CMW500 firmware. This
document will be updated to specify relevant changes caused by new firmware releases.

Each test is explained in an example. Since each of the different measurements requires specific
settings, this application note includes a set of sample save files. The explanation in Section 1.1
describes how to create and recall such files.

The tests described here are limited to the onesthatd on 6t need complicat,ed externa
such as spectrum analyzers and filters. Spurious measurements, transmitter intermodulation, and

out-of-band blocking tests, for example, are not covered. To see which other tests can be

performed when using such additional equipment, please always refer to the latest

R&S®CMW500 capability list, which can be found on the CMW customer web:

https://extranet.rohde-schwarz.com

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 4
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1.1 How to Use Save Files in the R&S®CMW500

Save files provide a convenient way to save and restore settings to satisfy the requirements of
certain tests that you might want to perform over and over again. These files contain the current
settings for the R&S®CMW500 parameters. Save files can also be used to easily move settings
from one R&S®CMW500 to another by storing the settings on the first device and then recalling
them on the target R&S®CMW500. For your convenience, this application note comes with a set
of save files for all the described tests.

To use them, begin by pressing the SAVE/RCL key on the top left of the R&S®CMW5006 font
panel.

Fig. 1: The SAVE/RCL key.

Then follow the dialog prompts to locate your save files and select the one you want to recall.
Choose the desired file by pressing the Recall button on the top right of the screen. When
recalling the save file, ensure that both the source and target devices are using the same
firmware.
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Fig. 2: The Save/Recall dialog screen.

1.2 Select the Duplex Mode

The duplex mode can only be selected at Signal OFF state.

For most test cases, the FDD and TDD test configurations and test steps are the same.
Differences in the individual tests are specified in this document.

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 5



Application Note

2 Transmitter Characteristics

2.1 Generic Call Setup for Transmitter Characteristics

The following parameters are set according to these specifications:

Cell set up 3GPP TS 36.508, Sub Clause 4.4.3
Propagation conditions 3GPP TS 36.521, Annex B.0
Uplink reference measurement 3GPP TS 36.521, Annex A.2
channels (RMCs)

Configuration of PDSCH and 3GPP TS 36.521, Annex C.2

PDCCH before measurement

Initial downlink signal setup 3GPP TS 36.521, Annexes C.0, C.1, and
C.3.0

Initial uplink signal setup 3GPP TS 36.521, Annexes H.1 and H.3.0

Table 1: Sources for parameter specifications.

TS 36.521, Annex C.0 describes downlink signal levels. In the R&S®CMW500, the downlink
signal level should be configured so that RS EPREs set to 1 85dBm/15kHz

TS 36.521, Annex C.1 describes the mapping of downlink physical channels and signals to
physical resources.

TS 36.521, Annex C.3.0 mainly describes downlink physical channel levels.

TS 36.521, Annex H.1 describes the mapping of uplink physical channels and signals to physical
resources.

The resulting settings for the R&S®CMWH500 are as shown in Fig. 3.

| LTE Slgnaing Configun sten "Gl
Path: Shontcin Sokkoy X[

| Duplex Mode ¥DO0
}' ‘Scenmio Standard Cell .
-RF Settin
?- Downlink Power Lovels
~ RS EPRE ~85.0 dBm 15kHz Full Coll BW Vowe } dBm
PSS Power Offset 00 4B
1~ S55 Pawer Offset 0.0 48
= PBCH Power Offset 0.0 d8
~PCFICH Power Offset 0.0 d8
~ PHICH Power Offset 0.0 48
PDCCH Powaer Oftser 0.0 48
~DCNG f
E-PDSCH
~Powst Oftsor PA 048 ~ b
“Powst Ratlo Index PB 0 thoB 1hof: 1
~AWGN [ 98,0 A8 15kH2
SOtk Pawer Caniol
& Physical Coll Satp
@ Network
& Connection
& UE Moamitemont Repon
@ [Shorteut Soltkey

Fig. 3: The LTE signaling configuration screen with settings based on TS 36.521.
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2.1.1 Rules for the Bandwidth and Frequency Settings

Frequencies and channel bandwidths are checked separately for each Evolved UMTS Terrestrial
Radio Access (E-UTRA) operating band that the UE supports.

Applicable channel bandwidths should follow the rules from TS 36.521, Table 5.4.2.1-1, and the
requirements from the test configuration table for each test case.

Most of the transmitter tests should be performed at the lowest and highest supported bandwidth
as well as at the 5 MHz bandwidth. However, some tests also need to be performed at the

10 MHz bandwidth. Furthermore, some tests, such as the occupied bandwidth test, are to be
performed at all bandwidths.

Test frequency settings should be taken from TS36.508, Table 4.3.1. There, the low-range,
middle-range and high-range channel frequency information can be found for the operating band
(OB) and channel bandwidth to be tested.

Most of the transmitter tests should be performed on one low-range, one middle-range and one
high-range channel. However, some tests i such as the configured UE transmitted output power
test or the occupied bandwidth test i should only be performed on a middle-range channel.

In the examples used in this application note, Operating Band 7 will be used with the 10 MHz and
20 MHz bandwidths. Therefore, the corresponding frequencies/channels provided in Table 2 will
need to be set on the R&S®CMW500 when testing.

oB Bandwidth | Range NuL Frequency of NpL Frequency
Uplink [MHZ] of Downlink

[MHZz]

7 10 MHz Low 20800 2505 2800 2625

Middle | 21100 2535 3100 2655

High 21400 2565 3400 2685

20 MHz Low 20850 2510 2850 2630

Middle | 21100 2535 3100 2655

High 21350 2560 3350 2680

Table 2: Test-frequency mapping.

2.1.2 Measurement Issues Related to Expected Power

When using the R&S®CMW500 to perform callbox measurements, the R&S®CMWS500 might
occasionally display an Input overdriveror Input underdrivemotice. When this happens, the
measurement is not stable. This is related tothei n s t r udyreamit range setting.

The figure below provides a simple illustration of the basic theory for this setting:

1. The reference level represents the R&S®C MW5 0 Gnaxsmum allowed input power. If
the input signal level exceeds the reference level, the instrument will display an Input
overdrivenstatus. Remember here that the input signal level is determined using a PEAK
detector.

2. When the input signal falls into the green area, the R&S®CMW500 will be able to
perform the power measurement, as well as demodulate the signal.

3. When the input signal level drops into the yellow area, its SNR is not good enough for
demodulation, but it is sufficient for taking power measurements.

4. Inthe R&S®CMW500 multi-evaluation interface, users should always keep the UE uplink
signal inside the demodulation area (green).

5. When input signal levels are higher than the reference level or lower than the noise floor,
they will not be measured correctly.

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S% CMW500 according to 3GPP TS 36.521-1 7
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Reference Level

> Demodulation area

> Power measurement are

Noise floor-

Fig. 4: Measurement levels.

Consequently, the R&S®C MWS5 0 @eference-level setting is important. There are two
reference-level modes to select from. The section below states the difference between the two
modes and explains how to use them. In the R&S®CMWS500, the reference level is the sum of
the expectednominalpowerand the margin. Only the sum of the expected nominal power and
margin is significant for the R&S®CMWS500. The individual values for these parameters are not
relevant, except in that sum.

6. The R&S®CMW500 automatically sets the reference level according to the UL power
control settings. When measuring PUSCH, using this setting is very simple.

7. Manual mode: Here, users set the reference level themselves. Using this mode is
necessary for test cases that are related to time mask measurement for more accurate
OFF power measurement.

8. On the basis of the information above, it is possible to state a general rule: The input
signaldé peak power should not exceed the reference level; furthermore, it should not fall
out of the green field when using the multi-evaluation interface.

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 8
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2 75 LTE Signaling Configuration
Path: RF Settings/RF Power Uplink/Exp. Nominal Power Mode

---- Duplex Mode FDD
----- Scenario Standard Cell v
El-RF Settings
E3-RF Output

RF Input
B-RF Frequency
E-RF Power Uplink

Exp. Nominal Power Mode || According to UL Power Control Settings v

Exp. Nominal Power -10.00 dBm Ref.Level: 2.00 dBm
= Margin 2.00 dB

-Downlink Power Levels

-Uplink Power Control

-Physical Cell Setup

-Network

-Connection

-UE Measurement Report

-Shortcut Softkey
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Fig. 5: Configuring the expected nominal power mode.

2.1.3 General Settings Related to Multi-Evaluation Measurements

The measurement setting should be linked to LTE signaling for frequency and power settings, as
shown in Fig. 6.

- Duplex Mode FDD -
- Scenario Combined Signal Path A
i Controlled by LTE Sig1 -

Fig. 6: Selecting LTE signaling for the measurement.

The ChannelType the RB Allocation(which determines the number of resources blocks) and the
Modulationshould be set to Autoat all times for all the tests described in this application note to
avoid inconsistent configuration. Nevertheless it might be required to configure the Modulation
scheme to the used TX signal Modulation scheme in case of lower TX signal power levels.

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 9
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ULTE Mol Evalisation Cordigurstion ]
Path Measuemant ControlPUCCH Format
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:“-Iemu on Exception [
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- Cydlic Prefix Nacmal
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; WPUCO’ Format ].‘.1, =il
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el k.

Fig. 7: Three settings that shouldbes et t o fdrAluof thedtests described in this
application note.

A different Measure Subframis used for fiFDDoand ATDD, @&s shown in Fig. 8. The default value
for this parameter is fda For FDD, the default value is OK for measurement. In TDD mode, the
Measure Subframean only be a selection from {2,3,7,8}, because the specification requires the

uplink/downlink configuration to be fil. ©

¢ x (7 Measurement S... l
Subframe Offset 0 Subfrarme Offset 0
Mo, of Subframes 10 Mo. of Subframes 10
(Measure Subframe 0 I Measure Subframe 3 '
Measurement Measurement
... |Subframes ... 1... |Subframes ...
FDD TDD

Fig. 8: Measure Subframe settings for FDD and TDD.

2.1.4 Explanation of Demos and Manual Operation

In between each test case description in this application note, a short demo has been added to
illustrate how the R&S®CMWH500 is used for each type of test. Therefore, these demos
concentrate on one duplex mode, one operation band, one bandwidth and one channel only. For
TDD mode, only the differences in the configuration or test steps between the FDD and TDD will
be highlighted. If not specified, the test-specific configuration and test steps are the same for
TDD and FDD.

In order to perform each test in strict adherence to the specification, the tests would need to be
repeated for the different bandwidths and channels as explained in Section 2.1.1.

To perform the tests with your own device, please be sure to transfer the described example to
the operation band that you are using in the device under test (DUT).

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 10
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During manual testing in the R&D stage, you always need to change some parameters (such as

the type of power control, the target power, or the RB settings) to perform your test. To make that
possible, you can also change these parameters in the multi-evaluation interface so that you

dondét need to switch Assehovwnlndig.®,iifgou préss Signalingnt er f ac e .
Parametes in the right column and then select the Connection Setuputton, you will be able to

change the RBAllocation and RB position (RBPos.)as well as the ModulationSchemefor the Uplink

and Downlink From LTE V3.0.20, the DL power, Band, Channel settings can be changed by

pressing Cell Setup.

¥ Treas
“tv-vmu

TX Mueasaemen C et
h"x Powst E\"M NS |

U s e

Fig. 9: Changing the signaling parameters.

2.1.5 General Setup for TDD mode

According to the specification, the Uplink Downlink Configurationshould be fl,0and the Special
Subframeshould be /b. ‘Bhese values can be configured at LTE Signéing > Config > Physical Cell
Setup> TDD, as shown in Fig. 10.
|7 LTE Signaling Configus atioa : £ %)
[Path Physical Cek SetupTOO/Special Subframe J

| e PUSCH :

i:o,n Loop Nominal Power =2 dBm & Full RB Mfocation
rxmc-mtm
Active TPC Setup Constant Pawer -
- Closed Loop Targot Power  -20.0 dBm
- Single Patter
User defined Pattern
- PUCCH
Max. allowed Power P-Max 23 dBm
e—mﬂumm
f“uc..m 200 MHz ~ VAT Max: 100

UL Calt Bandwidth 200 Mg
~~ Physical Cell ID 0

Fig. 10: General configuration for TDD.
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2.1.6 Advanced PRACH/Open Loop Power

From CMW LTE V3.0.50 onward, the Advanced PRACH /OL Powsetting can be enabled under
the Uplink Power Controkettings so that the user is able to change Reference Signal Power,
Preamble litial Received Target Powemnd other open loop related message components directly.
KS510 1 advance Signalling option is needed to enable these advanced settings.

Below diagram displays the default settings, which are according to TS 36.508 default values.

g- Uplink Power Control

""" Open Loop Hominal Power = @ Full RB Allocation
o-Advanced PRACH/OL Power

----- Enable Advanced Settings [w

----- Reference Signal Power 18 dBm

----- Preamble Initial Received Tar... —104 dBm

----- PO Hominal PUSCH —85 dBm

----- Pathloss Compensation Alpha 0.4 -

----- Pathloss 103.0 dB

----- Expected PRACH Preamble P... -1.0 dBm

----- Expected OL Power 14.4 dBm

Fig. 11 Advanced Power Default Settings

To change the Expected PRACH Preamble PovarRRCldle mode, it is recommended to do the
necessary changes with a change of the DL RS EPRHirst if needed, followed by Preamble Initial
Received Target Power

A change of the Expected OL Poweran be achieved by changing PO Nominal PUSCHh either
mode, RRCConnected (through RRCReconfiguration) or RRCldle.

2.1.7 Non-Advanced Open Loop Power

If KS510 is not present in CMW, Open Loop Nominal &veris used for configuring PRACH/OL
Power. It should be the target UL total BW open loop power. The target PRACH power is 8 dB
lower than the Open Loop Nominal PoweFor TDD, if PRACH Configuration Indexs 48 or greater,
the expected PRACH power is the same as Open Loop Nominal Powgbecause
DELTA_PREAMBLE = 8dB, according to 3GPP TS 36.321 Table 7.6-1.

[%I---Uplink Power Control

----- Open Loop Hominal Power =20 dBm @ Full RB Allocation
B-Advanced PRACH/OL Power
: """ Enable Advanced Settings r

Fig. 12: Open Loop Nominal Power Settings

2.1.8 SIB Paging and RRCReconfiguration

Based on 3GPP test requirements, SIB related parameters should be changed at Cell ON state;
therefore, a power cycle of the UE is required.

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 12
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These SIB related parameters (Network Signalling, fMax, SRS, PO nomin&®USCH Preamble Initial
Received Target Powecan be changed at RRC Idle or Connected mode as well through SIB
paging or RRC Reconfiguration message initiated from the base station. However it needs to be
carefully checked whether the UE is supporting the change via SIB paging or
RRCReconfiguration with mobilitylnfo.

By default, this application note will describe the tests in the way of changing the SIB related
parameters at Cell ON state.

2.2 UE Maximum Output Power (TS 36.521, 6.2.2)

This test case is for verifying that the error for the UE maximum output power does not exceed
the range prescribed by the specified nominal maximum output power and tolerance.

An excessively high maximum output power could interfere with other channels or systems.
Insufficient maximum power would decrease the coverage area.

2.2.1 Test Description

For general test conditions and settings, please refer to Section 2.1 of this application note. The
values to be selected for the bandwidth, frequency and RMC, along with details on the RB
allocations, are defined in TS 36.521, Table 6.2.2.4.1-1. This test only uses QPSK modulation
along with an RBAllocation of 1RBor Partial RBallocationin the uplink.

According to TS 36.521, Table 5.4.2.1-1, there are four bandwidth configurations for Band 7:

5 MHz, 10 MHz, 15 MHz and 20 MHz. Furthermore, according to TS 36.521, Table 6.2.2.4.1-1,
the maximum power only needs to be tested at the lowest bandwidth (5 MHZz) and highest
bandwidth. Therefore, the maximum power test only needs to be performed using the 5 MHz and
20 MHz bandwidth configurations for Band 7.

The test case described here will demonstrate this using Band 7 with a low-range channel and a
20 MHz bandwidth.

TS 36.521, Table 6.2.2.4.1-1 requires testing of a 20 MHz configuration with two different RB
Allocation settings: 1RBand 18RB Since a configuration with the settings Band7, 20 MHz, and Low
Rangedoes satisfy Note 2 of TS 36.521-1 Table 6.2.2.3-1, the lower limit is relaxed by 1.5 dB.
Also, according to TS 36.521-1, Table 6.2.2.4.1-1, Note 2, the RB position (RB Pos) for the low-
range channel shall be low and high for 1 RB and low for 18 RB allocations.

2.2.2 Test Procedure

Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3.
Enable the LTE cell, and power on the LTE UE so that it attaches to the network. Then press the
Connectbutton to establish the connection as shown in Fig. 13.

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 13
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Fig. 13: Established connection.

1. Configure the uplink RMCby setting # RBto 1, RB Pos/Start RBo Low, and Modulationto
QPSK set Active TPC Setupto Max. Powerso that the UE output powereaches Pyyax.

2. Measure the average UE output power (22.45dBmin this example) in the error vector
magnitude (EVM) measurement screen as shown in the screenshot below.

Detected Allocation| NeRB: 1 OffsetRB:

EVMRMS [S]Vh R T < R 160 450

EVM Paak [%] I 2.2 a1 HAS 1597

EVM DMRS |%] Uh 34 363 2% TS

10 Ofiset 254148 30 d 23508

Froq Emar 491 Hz 26 Hz 8.37 He

Timing Ermot 19.70 Sym ¢ 51.57 Sym

Current : Win  Man 3|

2.4 239 25 |
2127 2. 2703 2131

Fig. 14: Measurement results for UE maximum output power for one resource block.

3. Change # RBfor the RMCuplink from 1 to 18, and then press the Restart/Stofutton to

restart the measurement.
4. Read the average UE output power (22.54dBmin this example) results in the EVM

measurement screen as shown in Fig. 15: .

1CM94_5e Rohde & Schwarz LTE RF Measurements with the R&S* CMW500 according to 3GPP TS 36.521-1 14
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Fig. 15: Measurement results for UE maximum output power for 18 resource blocks.

2.2.3 Test Requirements

According to 3GPP 36.521-1, Table 6.2.2.5-1, the maximum output power must be within the
range of 23+£2.7 dBm.

For the bands beyond 3GHz, the limits are slightly different. For Band 22, the limit is +3/-4.5 dB;
for Band 42 & 43, the limit is +3/-4 dB.

Note: For transmission configurations (Figure 5.4.2-1) confined within FUL_low and FUL_low +
4 MHz or FUL_high i 4 MHz and FUL_high, the maximum output power requirement is relaxed
by reducing the lower tolerance limit by 1.5 dB.

2.3 Maximum Power Reduction (TS 36.521, 6.2.3)

The number of RBs defined in TS 36.521, Table 6.2.2.3-1, is based on meeting the requirements
for the adjacent channel leakage ratio and the maximum power reduction (MPR) due to the cubic
metric (CM).

2.3.1 Test Description

For UE Power Class 3, the MPR allowed for the maximum output power due to higher-order
modulation and to the transmit bandwidth configuration (resource blocks) is specified in
TS 36.521-1, Table 6.2.3.3-1.

The core concept for this test is that using the higher-order modulation scheme (16QAM) and/or
a large number of allocated RBs (e.g. full RB allocation) will cause a high crest factor and thus
present a challenge in the design of power amplifiers. Therefore, the specification allows a
reduction of the maximum output powerd s ef linivin such cases.

When QPSK modulation is used with a higher number of RBs, the lower limit is relaxed by 1 dB.
Also, when 16QAM is used as the UL modulation scheme, the lower limit is relaxed by 1 dB.
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When both conditions apply (16QAM and a higher number of RBs), the lower limit is relaxed by
2 dB.

For the example, a Band 7 DUT will be used. According to TS 36.521, Tables 5.4.2.1-1, and
6.2.3.4.1-1, the maximum power reduction needs to be tested using the 5 MHz, 10 MHz and

20 MHz bandwidth configurations. This example will concentrate on the 20 MHz bandwidth using
a mid-range channel.

2.3.2 Test Procedure

Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3.
Enable the LTE cell. After that, power on the LTE UE and wait for it to attach to the network.
Then press Connectto establish the connection.

The six test sets shown in Table 3 should be performed for a 20 MHz mid-range channel
according to Note 3in TS 36.521, Table 6.2.3.4.1-1. The example shown here will use Test Set
6.

#RB RB Pos/Start | Modulation UE Output

RB Power
Test Set 1 18 Low QPSK Pumax
Test Set 2 18 High QPSK Pumax
Test Set 3 18 Low 16QAM Pumax
Test Set 4 18 High 16QAM Pumax
Test Set 5 100 Low QPSK Pumax
Test Set 6 100 Low 16QAM Pumax

Table 3: Test setup for MPR (mid range).

When measuring 16QAM modulation signals, please make sure that the ModulationSchemen the
measurement configuration is set to 16QAMor Auto.

Hint: It is best to use the Automodulation scheme setting so that you do not need to confirm this
parameter yourself. That makes it easier to perform the test.

Path: Scenario

TR

“..Channel Type  pusCH|~

- REB Allocation
----- Physical Cell ID 1]
----- Delta Seq. Shift PUSCH 1]
----- Group Hopping r
E-Measurement Subframe
- Modulation
----- Modulation Scheme Auto - ]
----- Statistic Count 20 Slots
B~ EYM Window Length
----- Current 66
- Bandwidth 1.4 3 ] 10 15 20
----- & CP Hormal ] 12 32 66 102 136
e @ CP Extended 28 58 124 250 ETE! 504
B-EVM Exclusion Periods

- Spectrum

- Power

~BLER

-List Mode

E-Trigyer P [

[
[
£
e

Fig. 16: Setting the modulation scheme.
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Test Set 6:
1. Setthe RMC uplink # RBto 100, RB Pos/Std RBto Low, and Modulationto 16QAM set
Active TPC setupo Max Poweruntil the UE output power reaches Pyyax-
2. Measure the average UE output power (21.48dBmin this example). Configure the
settings that are marked red in Fig. 17.

(:"2 LTE Measurement - Multi Evaluation
@ode;FDD Freq.: 2535.0 MHz Ref Level: 35.00 dBm Bandwidth: 20.0 MHz.]eyt:Iic Prefic: Normal — Meas Subfr.: 0
Error Vector Magnitude :
®Q x0Symhigh v -— ®Q < 0Symhigh v — €8 c0Symhigh v -
‘ % @ Current
16| & Lverage
| @ Maximum
2|
101
|
6|
. M NN NN mm NN NN R
- Symbol
I gh | qsh 52N I 3.h | 4 h | §sh | g h
(Detected Allocation |NoRB: 100 OffsetRB: 0]
Current Average Extreme StdDev
EVM RMS [%] Ih 421 425 416 420 443 440 0.1 0.10
EVM Peak [%] Ith 26.52  22.16 19.67  27.67 26.52 4035 3.34 6.99
EVM DMRS [%] Ith 3.67 3.74 3.65 3.75 3.87 3.93 0.15 0.14
1Q Offset -28.00 dB -28.11 dB -27.97 dB 0.10 B
Freq Error ~0.27 Hz ~3.20 Hz -8.97 Hz 3.65 Hz
Timing Errar 51.55 Sym 51.58 Sym 51.88 Sym 0.15 Sym
Current Aysrage Min Max StdDev
TX Power [dBm) 21.48 21.36 21.57 0.07
Peak Power [dBm] 28.35 26 28.04 28.57 0.13
Statistic Count. Out of Tolerance: : ion | Detected Channel Type Yiew Filter Throughput
20/20 75.00 % PUSCH 100.0 %

Fig. 17: Settings for Test Set 6.

2.3.3 Test Requirements

The maximum output power shall be within the range prescribed by the nominal maximum output
power and tolerance in TS 36.521-1, Table 6.2.3.5-1. For Band 7 and the example above, this is
23 dBm +2.7 dB/i 4.7 dB

E-UTRA Class 3 QPSK, full 16QAM, partial | 16QAM, full RB
Band (dBm) RB allocation RB allocation allocation tol.
tol. (dB) tol. (dB) (dB)
7 23 +2.7/13.7 +2.7/13.7 +2.7114.7

Table 4: Test requirements for the UE power class (source: TS 36.521-1, Table 6.2.3.5-1).

2.4 Additional Maximum Power Reduction (TS 36.521-1,
6.2.4)

Additional ACLR and spectrum emission requirements can be signaled by the network to indicate
that the UE must also meet additional requirements in a specific deployment scenario. To meet
these additional requirements, additional maximum power reduction (A-MPR) is allowed for the
output power as specified in TS 36.521-1, Table 6.2.2.3-1. Unless stated otherwise, an A-MPR of
0 dB shall be used.
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2.4.1 Test Description

The network signal (NS) value, which the cell broadcasts from SIB2, is a key parameter for this
test item. If, for example, a Band-1 UE detects that the additional spectrum emission information
element equals NS_05 from SIB2, it knows that it should meet the additional requirement of
spurious emissions and maximum power reduction according to TS 36.521-1, Table 6.2.4.3-1.

The network signal value parameter can be set in the R&S* CMW500 in the LTE Signaling
configuration menu. By default, this parameter is set to NS_01 as shown in Fig. 18. The NS_01
setting means that no additional spectrum or additional max power reduction is used. The default
value NS_01is also the setting that is required for the maximum power test and for the MPR test
described above.

/» LTE Signaling Configuration E

Path: Connection/Additional Spectrum Emission

----- Duplex Mode FDD
----- Scenario Standard Cell -
'''' Enable Data end to end W

H-RF Settings

t-Downlink Power Levels
i Uplink Power Control
- Physical Cell Setup
H|
=

s T e I e O e O

- Network
El- Connection

- UE Category Manual: 5 Use Heported (if available): v -
- Default Paging Cycle #64 v

~Additional Spectrum Emission | NS_01 - |

--UE Meas. Filter Coefficient FC4 ~

- Connection Type Testmode v
E-Testmode

- RLC Mode Unacknowledged

- 51B Reconfiguration SIB Paging -

--Keep RRC Connection v

- Downlink MAC Padding v

- Downlink MAC Error Insertion 0 %

- Send DNS PCO 3 i

Fig. 18: Additional spectrum emission.

NS has a fixed relationship with the operating band, the channel bandwidth, and the RB
allocation. Detailed information on this is provided in TS 36.521, Table 6.2.4.3-1, while Tables
6.2.4.3-2, 6.2.4.3-3 and 6.2.4.3-4 mainly describe detailed requirements for NS_07, NS_10, and
NS 04.

2.4.2 Test Procedure

The example for A-MPR will use a Band-1 UE, because no A-MPR requirements apply for Band
7. According to TS 36.521, Table 6.2.4.3-1, only NS_05 applies for Band 1, so this setting is used
for the example.

Different tables describe different RMC, RB position, frequency and bandwidth settings. Table 5
shows the relationship between NS and the test configuration table.
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Additional spectrum | Test configuration table in E-UTRA Band
emission TS 36.521-1
1 NS_03 6.6.2.2.3.1 2,4,10,23,25,35,36
2 NS_04 6.6.2.2.3.2 41
3 NS_05 6.6.3.3.3.1 1
4 NS 06 6.6.2.2.3.3 12, 13, 14, 17
6.6.2.2.3.3 13
S NS_07 6.6.3.3.3.2
6 NS 08 6.6.3.3.3.3 19
7 NS 09 6.6.3.3.3.4 21
8 NS _10 FES 20
9 NS 11 6.6.2.2.1 23

Table 5: The relationship between the network signal (NS) value and the test configuration
tablein TS 36.521-1.

Change the Additional Spectrum Emissiaetting on the R&S* CMW500 from NS_01to NS_05as
shown in Fig. 19 at Cell ON state.

% LTE Signaling Configuration

Path: ConnectionfAdditional Spectrum Emission

- Duplex Mode FOD
#-RF Settings

#1-Downlink Power Levels

g-Uplink Power Control

H-Physical Cell Setup

BE-Network

Identity

---Security Settings

- UE Identity

- Connection

- Testmode B

----- Downlink Error Insertion 0%

~~~~~ Downlink Padding v

~1Additional Spectrum Emission " NS 05 ~

~~~~~ UE Meas. Filter Coefficient FC4 ~

----- UE terminated Conn. Type RMC a
E-RMC

)
52}

~Shortcut Softkey

Fig. 19: Additional spectrum emission setting for NS_05.

TS 36.521-1, Table 6.2.4.4.1-3 defines the test bandwidth settings, frequency settings and RMC
settings for NS_05.

For NS_05, this test should apply to 5 MHz, 10 MHz, 15 MHz and 20 MHz. The frequency should
be low range, and a middle-range channel should be used. This demo uses a middle-range
channel and a 10 MHz bandwidth.

The RMC, RB position (according to Table TS 36.521-1, 6.2.4.4.1-3) and the output power
conditions are listed in Table 6 for the 10 MHz channel bandwidth. In the example, configuration
IDs 3 and 6 are used. Configuration IDs are used to combine the test settings and test
requirements. As a result, you only need to check the corresponding configuration ID that you
have configured.
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#RB RB Pos/Start | Modulation UE Output

Configuration RB Power

1D

3 1 Low & High QPSK Pumax

4 12 Low & High QPSK Pumax

5 48 Low & High QPSK Pumax

6 50 Low QPSK Puwmax

7 50 Low 160QAM Puviax

Table 6: Settings for the 10 MHz bandwidth.
Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3.

Enable the LTE cell. Set the downlink frequency to a frequency such as 2140 MHz to make sure
that the test is being performed on a middle-range channel. Then power on the LTE UE so that it
attaches to the network, and press Connectto establish the connection.

Configuration ID 3:
1. Set the Uplink RMC setting # RBto 1, RB Pos/Start RBto Low, and Modulationto QPSK
set Active TPCSetupto Max. Powerso that the UE output power reaches Pyyax-
2. Measure the average UE output power (21.78dBmin this example) in the tabular result
screen as shown in Fig. 20.

LTE Measirerment - b Evaliation =d |
Mode FOD  Fred 1950.0 Miz Ref Lecel: 35.00 dBNm Bancwidh. 100 MMz Cychc Frefic Notnat  MeasSubn. 0

TX Measuremeont

[Detecied Alloction|NeRB: 1 OffsetRB: 0
' | Curremt Average Extieme Sulbev
EVM RMS %] 1.9 2.04 1.90 204 281 276 0.00 0.00
EVM Paak {%) h 475 545 4.75 545 8.85 9.16 0.00 0.0
EVIM DMRS [%] Vb 1.82 177 1.82 1.77 3.48 3.29 0.00 0.80
MEr RMS [%] Wh 1.22 1.28 1.22 128 1.83 1.86 0.00 0.00
MEr Pesk [%] I -439  -4.3% 4.39 4.3% -1 -843 0.00 0.00
MErn OMRS | %) Ik 1A7 1.32 147 .32 281 261 0.00 0.00
PhEsr RMS [*] ¥h 084 0 0.84 0n 1.26 1.19 0.00 00
PhEmr Paak [*] h 178 267 1.78 2.67 425 307 0.00 0.
PhEsr DMRS |*] Uk 0.62 0,68 0.62 068 149 1.46 0.00 0.00
D OFse 44,48 4B ~ 4808 -44,25 18 0.00 06
Freq Enor 165 Hz 1,65 Wz 14.99 Hz 0.00 Hz
Timing Eror 20.05 Sym 29.05 Sym 2967 Sym 0.00 Sym
oEwW 0.23 MHz 0.23 MHz 0.23 MHz 0.00 MHz
Currem Average Min  Max Sullrev
B TX Power [dBm| 21.78 21.78 2166 2182 000
Posk Powar [dBm) 26.53 26, 26.50 26,86 0.0
RE Power [dBm] 2165 @U&ﬂ 20.73 0.00 |
Statistie Count OutofTalarsnes  Detectay Modulaton  Detsctaa Channe! Typs ew ¥ itsr Thicaghput
11 0.00 DPSK PUSCH 100.0

Fig. 20: Measurement of the average TX power for Configuration ID 3.

Configuration ID 6:
3. Set#RBto 50, RB Pog/Start RBto Low, and Modulationto QPSK set Active TPCSetupto
Max. Poweruntil the UE output power reaches Pyyax.
4. Measure the average UE output power (19.03dBmin this example) as shown in Fig. 21.
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NLTE Me - Mt} sl 2
Mode FOO  Fren 10500 MRZ R Level 35.00 dBim Banowidh 10,0 MKz CroicFredc Normd Meas e 0 f
TX Measuramaont :
[Ostected Alocation|NoRB: 50 OffeetRB: 0
Curremt Average Extieme StfDev
EVIM AMS [%] itn 264 278 2.64 2.78 29 3 0.00 0.80
EVM Paak [%] Uh 1210 2412 1210 2492 744 3712 0.00 0.0
EVM DMRS %] Vh 2.3% 211 2,36 2,11 3 3N 0,00 0.00
MEr RMS {95 Wh 154 168 1.54 1.68 164 197 0,00 0.00
MErt Paak [%] I -1209 -20.79 1200 2079 -27.30 -3552 0.00 000
MEr DMRS [%] 1t 165 1.95 1.65 1.95 2147 238 0.00 0.00
PhEm RMS [ ¥h 123 127 1.23 1.27 142 1.4 0.00 0.00
PhEn Peak ["] I 580 ~10.73 584 1073 1042 1547 0,00 0.00
PhEr DMRS [7] Ih 0.97 113 0,97 1,13 1.59 1.65 0,00 0.00
QG Offget -44.4¢ dB -44.94 4B -43.63 4B 0.00 4B
Freq Error 5.35 Hz 5.35 H: 1091 Hz 0.00 Hz
Tening Exror 2415 Sym 24,15 Sym 2502 Sym 0,00 Sym
o 8.89 Mz 8.89 MHz 2,89 MHz 0,00 MHz
Current Min Max SudDov
T Power {dBm) 19.03 &b 1903 19.20 0.00
Peak Power [dSm|) 2601 2603 P [} | 000
RB Power [dSm) 207 2.07 207 225 0.0
Statisse Count Outef Tolerance Delected Modulston  Detectsa Cranns| Type View Fiter Trruughpat
11 0.00 % OPSE PUSCH 100

Fig. 21: Measurement results for the average TX power for Configuration ID 6.

2.4.3 Test Requirements

The maximum output power should not exceed the requirements from TS 36.521-1, Tables
6.2.4.5-1 through 6.2.4.5-8. Since this example uses NS_05, TS 36.521-1, Table 6.2.4.5-4
applies.

As there are many requirements for different NS values, but not all combinations are necessarily
required for a specific UE, fronfiguration IDs are introduced to map the applicable test
configuration to the corresponding test requirements.

For NS_05 and the 10 MHz channel bandwidth as used in the example, the test configuration
and tolerance are listed Table 7. To test different bands, and therefore different NS values, the
configuration ID must be used to match the applicable configuration table with the corresponding
test requirement table.

Test requirement table
Configuration table for NS_05 Configura- for NS_05
(TS 36.521-1, Table 6.2.4.4.1-3) . (TS 36.521-1, Table
“I%” 6.2.4.5-4)
Bandwidth | #RB | RB Position | Medulation %""BS; )3 Tol.(dB)
10MHz 1 Low & high QPSK 3 23 +2.7/12.7
10MHz 12 Low & high QPSK 4 23 +2.7 1 2.7
10MHz 48 | Low & high QPSK 5 23 +2.7 1 3.7
10MHz 50 Low & high QPSK 6 23 +2.7 4.7
10MHz 50 Low & high 16QAM 7 23 +2.7/16.2

Table 7: Test configuration and tolerances for NS_05 and the 10 MHz channel bandwidth.
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2.5 Configured UE Transmitted Output Power (TS 36.521,
6.2.5)

The purpose of this test is to verify that the UE does not exceed the minimum between the Peyax
, the allowed maximum UL TX power signaled by the E-UTRAN, and the Pyuax , the maximum
UE power for the UE power class.

Pemax , is the value given to IE P-Max, the maximum allowed UE output power signaled by
higher layers, Peyax.

2.5.1 Test Description

The purpose of this test is to verify the U E Gability to interpret the P-max parameter in SIB1 and
react accordingly. For general test conditions and settings, please refer to Section 2.1 of this
application note. The values to be selected for the bandwidth, frequency and RMC, and details
on the RB allocations, are defined in TS 36.521, Table 6.2.5.4.1-1.

For Band 7, the test is defined for 5 MHz and 20 MHz bandwidths, taking TS 36.521, Tables

5.4.2.1-1 and 6.2.5.4.1-1 into account. Each bandwidth configuration should only apply to the
middle-range channel with QPSK modulation and partial RB allocation.

2.5.2 Test Procedure
Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3.

Set the channel to the middle range, and the P-max parameter in the R&S* CMW5000 signaling
configuration as shown in Fig. 22.

| % LTE Signaling Configuration &

Path: Uplink Power Control/Max. allowed Power P-Max

~~~~ Duplex Mode FDD
B-RF Settings

—- RF Output

&-RF Input
("E-RF Frequency

+Operating Band Band7 ~
DL Channel/Frequency 3100 Ch 2655.0 MHz
UL Channel/Frequency 21100 Ch 2535.0 MHz
UL/DL Separation 120 MHz
- RF Power Uplink
#-Downlink Power Levels
- Uplink Power Control
| _E-PUSCH
&-TX Power Control (TPC)
i«{Max. allowed Power P-Max ||—10 (IBm|
&-Physical Cell Setup
-~Netwolk
B Connection
Bl Shortcut Softkey

Fig. 22: Test setup for the configured UE transmitted output power.
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First, enable the LTE cell. After that, power on the LTE UE so that it attaches to the network.
Then press Connectto setup the connection.

This test defines three test points with different P-max values signaled on SIB1. These values are
7110 dBm, 10 dBm and 15 dBm

In this example, the focus is on Band 7, the 20 MHz bandwidth and the middle-range channel.
The resulting test setups are as shown in Table 8. The example explains Test Point 1.

#RB | RB Pos/Start | Modulation p-Max
RB
Test Point 1 18 Low QPSK 710
Test Point 2 18 Low QPSK 10
Test Point 3 18 Low QPSK 15

Table 8: Setup for testing the configured UE output power.

Test Point 1:
1. Set#RBto 18, RB Pog/Start RBto Low, and Modulationto QPSK set Active TPC Setupto
MaximumPoweruntil the UE output power reaches maximum.
2. Measure the average UE output power (i 10.56dBmin this example).

* LTE Measurement - Multi Evaluation Q |
Mode: FDD  Freq.:2535.0 MHz(Ref; Level: 27.00dBm|Bandwidth: 20.0 MHz Cyclic Prefbc: Normal — Meas Subfr: 0
TX Measurement
( Detected Allocation|NoRB: 18 OffsetRB: 0 ]
Current Average Extreme StdDev
EVM RMS [%] I’h 3.21 3.31 3.14 3.13 3.37 3.35 0.12 0.10
EVM Peak [%] Ith 8.59  13.69 11.84  11.03 17.39  15.51 2.58 2.34
EVM DMRS [%] Ith 3.39 3.47 3.20 3.13 3.69 3.69 0.27 0.28
MEr RMS [%] Ith NCAP  NCAP NCAP  NCAP NCAP NCAP NCAP  NCAP
MErr Peak [%)] Ih NCAP  NCAP NCAP  NCAP NCAP  NCAP NCAP  NCAP
MEr DMRS [%] Ith NCAP  NCAP NCAP  NCAP NCAP  NCAP NCAP  NCAP
PhEr RMS [°] Ih NCAP  NCAP NCAP  NCAP NCAP  NCAP NCAP  NCAP
PhEr Peak [°] Ith NCAP  NCAP NCAP  NCAP NCAP  NCAP NCAP  NCAP
PhEr DMRS [°] Ith NCAP  NCAP NCAP  NCAP NCAP  NCAP NCAP  NCAP
1Q Offset -28.28 dB -28.30 dB -28.05 dB 0.11 dB
Freq Error ~5.05 Hz ~0.86 Hz ~8.68 Hz 4.96 Hz
Timing Eror 49.05 Sym 48.87 Sym 49.06 Sym 0.13 Sym
oBwW 4.78 MHz 1.0 MHz 5.32 MHz 0.52 MHz
Current Average Min Max StdDev
E(Power [dBm] -10.55 -10.56 ] -10.58 -10.54 0.01
Peak Power [dBm)] -3.79 -3.71 -4.08 -3.32 0.22
RB Power [dBm] -23.11 -23.11 -23.11 -23.10 0.00
Statistic Count Outof Tolerance Detected Modulation  Detected Channel Type View Filter Thraughput
20120 0.00 % OPSK PUSCH 100.0 %

Fig. 23: Measurement results for the average UE output power.

Note:

The output power for Test Point 1 is around i 10 dBm. Therefore, if the reference level is set to a
power level that is too high (such as 35 dBm), the measurement will show a warning indicating

that the signal is low. In such cases, please configure the RF Referencéevelmanually. The setting
for this can be found in the signaling configuration menu.

2.5.3 Test Requirements

The maximum output power measured at test points 1, 2 and 3 should not exceed the values
specified in TS 36.521-1, Table 6.2.5.5-1 (details in Table 9 of this document).
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Channel bandwidth / maximum output power
14 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz

Measured UE
output power test
point 1
Measured UE
output power test
point 2

Measured UE
output power test
point 3

Note: In addition note 2 in Table 6.2.2.3-1 shall apply to the tolerances.

For carrier frequency f OS.O(}HZ: -10dBm £ 7.7
For carrier frequency 3.0GHz < f 04.2GHz: -10 dBm + 8.0

For carrier frequency f OS.OQHZ: 10 dBm £ 6.7
For carrier frequency 3.0GHz < f 04.2GHz: 10 dBm + 7.0

For carrier frequency f O3.0C}Hz: 15dBm £ 5.7
For carrier frequency 3.0GHz < f 04.2GHz: 15 dBm + 6.0

Table 9: Pcuax configured UE output power (Source: TS 36.521-1, Table 6.2.5.5-1).

2.6 Minimum Output Power (TS 36.521, 6.3.2)

The purpose of thistestisto ver i fy t he UE Gbabeddbahd otutput ppwer belowa n s mi t
the value specified in the test requirement when the power is set to a minimum value.

2.6.1 Test Description

For general test conditions and settings, please refer to paragraph 2.1 in this application note.
The values to be selected for the bandwidth, frequency and RMC, along with details on the RB
allocations, are defined in TS 36.521, Table 6.3.2.4.1-1.

For Band 7, the test is defined for 5 MHz and 20 MHz bandwidths taking TS 36.521, Tables

5.4.2.1-1 and 6.3.2.4.1-1, into account. Each bandwidth configuration should apply to low-range,

middle-range and high-range channels. The test verifiesthe UE& s mi ni mum wsiag put power
QPSK modulation and full RB allocation.

2.6.2 Test Procedure

Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3.
Enable the LTE cell. After that, power on the LTE UE so that it attaches to the network. Then
press Connectto establish the connection.

This example will use Band 7, a 20 MHz bandwidth and a middle-range channel.
1. Set#RBto 100, RB Pog/Start RBto Low, and Modulationto QPSK set Active TPC Setupto

Min. Poweruntil the UE output power reaches the minimum level.
2. Measure the average UE output power (i 45.70dBmin this example).
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*Q coSymigh v
% & Currerd

16| & Aversge
& Maarum

413% P coSymhbgh ¥ 419% P 0smhgn v FREEY

DRI RTINS

I oh | Iqh |3h 4" I 4h

otocted Moutm;] NoRB: MOﬂs‘tﬂB. 0

Extreme - Sulbev

Current Average Dev
EVM RMS [%] Ih 405 4ae L2 420 L0 44 008 008
EVM Peak |%] ¥h 1550 3751 15 71 3550 zur u a0 283 3.28 |
EVM DMRS {%] h us 4.3 420 426 449 457 0.13 0.15
3 Offset 156 48 -1855 4B 1549 B 0.03 48
Froq Error ~1.02 Hz ~2.51 H2 ~10.19 Hz 530 Wz
Timing Ermor 17.24 Sym 47.15 Sym 47.50 Sym 0.19 Sym
Current Average in lax StdDev
T Powar [dBm] -45.71 ~45.70 4571 4569 o.oo

-38.00 —30.44 -38.80 -38.00 029

F‘eai Power [dBm]

Fig. 24: Measuring the minimum output power.

2.6.3 Test Requirements

The minimum output power measured shall not exceed the values specified in TS 36.521-1,
Table 6.3.2.5-1 (shown here in Table 10).

Channel bandwidth / minimum output power / measurement

bandwidth
1.4 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
Minimum output For carrier frequency f 03.0GHz: 0-39 dBm
power For carrier frequency 3.0GHz < f 04.2GHz: 0-38.7 dBm
ba":”dﬁzlt‘;e(mf)g 1) | 10BMHz | 27MHz | 45MHz | 9.0MHz | 135MHz | 18 MHz

Note 1:  Different implementations such as FFT or spectrum analyzer approach are
allowed. For spectrum analyzer approach the measurement bandwidth is defined
as an equivalent noise bandwidth.

Table 10: Minimum output power (source: TS 36.521-1, Table 6.3.2.5-1)
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2.7 Transmit OFF Power (TS 36.521, 6.3.3)

The purpose of this test is to verify that the UES &ransmit OFF powerois lower than the value
specified in the test requirement. An excessively high transmit OFF power can potentially
increase the rise over thermal (RoT) values, thus reducing the cell coverage area for other UEs.

2.7.1 Test Description

The main purpose of this test is to evaluate the UE in a fi s it tate®(meaning that neither
PUSCH nor PUCCH are transmitted).

This test procedure is included in Test Case 6.3.4.1 and Test Case 6.3.4.2.

2.7.2 Test Requirements

The requirement for the firansmit OFF poweroshall not exceed the values specified in TS 36.521-
1, Table 6.3.3.5-1 (shown here in Table 11).

Channel bandwidth / Transmit OFF power / measurement

bandwidth
1.4 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
Transmit OFF For carrier frequency f 03.0GHz: 0-48.5 dBm
power For carrier frequency 3.0GHz < f 04.2GHz: 0-48.2 dBm
Measurement 1.08 MHz | 27 MHz | 45MHz | 9.0 MHz | 13.5MHz | 18 MHz
bandwidth

Table11: Re qu i r e me rntrarsmif @FF pofverd (Source: TS 36.521-1, Table 6.3.3.5-1)

2.8 General ON/OFF Time Mask (TS 36.521-1, 6.3.4.1)

The purpose of this test is to verify that the general ON/OFF time mask meets the requirements
given in TS 36.521-1, Clause 6.3.4.1.5. The time mask for transmit ON/OFF defines the ramping
time allowed for the UE between the firansmit OFF powerdand firansmit ON power.0

2.8.1 Test Description

For general test conditions and settings, please refer to Section 2.1 of this application note. The
values to be selected for the bandwidth, frequency and RMC, along with details on the RB
allocations, are defined in TS 36.521, Table 6.3.4.1.4.1-1.

For Band 7, the test is defined for the 5 MHz and 20 MHz bandwidths, taking TS 36.521, Tables

5.4.2.1-1 and 6.3.4.1.4.1-1 into account. Each bandwidth configuration should apply to low-range,

middle-range and high-range channels. The purpose of the testistover i fy t he UE&s ability
perform fast switches on the transmitter and maintain a certain power level and its ability to

quickly switch the transmitter off to keep silence as shown in Figure 6.3.4.1.3-1 (reproduced here

in Fig. 25).
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Start Sub-frame End sub-frame
i i
1

End of ON power I|

|
End of OFF power | Start of OFF power
|

requirement requirement
* The OFF power requirements does not |
I : apply for DTX and measurement gaps I h
20us l€—>1 <1 20ps
Transient period Transient period

Fig. 25: General ON/OFF time mask (source: TS 36.521-1, Figure 6.3.4.1.3-1).

2.8.2 Test Procedure

Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3. This
test needs an open-loop power control test setup. The open loop power should be set according
to TS 36.521-1, Table 6.3.4.1.5-1.

The most important thing is to create a situation in which the Nth uplink subframe is fully

occupied by PUSCH, while the (N7 1)th and (N+1)th sub-framesare OFF, 6 meani nUWt t hat
should not transmit anything (neither PUCCH nor PUSCH) at the (N 1)th and (N+1)th subframes.
According to the HARQ process, if subframe x is used for PDSCH transmission, the UE will

transmit ACK/NACK at subframe (x + 4), using either PUSCH or PUCCH if no PUSCH is

scheduled. For 3GPP 36.521 V9.3 onward, the ON subframe is 2.0 Therefore, Rohde & Schwarz
recommends the scheduling configurations described below.

This example will use Band 7, a 20 MHz bandwidth and a middle-range channel.

Prepare the test:

a. Reset LTE Signaling

b. Setthe Scheduling Typto UserDefined TTI-Based and press Edit All to configure
the settings as shown in Fig. 26 for FDD. After changing the values accordingly,
set the Scheduling Typback to RMC modéor call connection.

c. If Non-Advanced PRACH/OL power settings: Set PUSCHOpenLoopNominal
Powerto i 3 dBm(for 20 MHz; for other bandwidths, this value refers to below
table based on CMW signalling implementation).

Bandwidth PUSCH Open Loop Nom.
Power(dBm)
(LTE Version >=3.0.50)

1.4M -15

3M -11

5M -9

10M -6

15M -4

20M -3

Enable Advanced Settings, based on the default settings, set PO Nominal
PUSCH to -105 dBm.
d. Set PUSCH Active TPC Setutp Constant Power
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DL Stream \ DNt EamZ| Il IDIESBwATE
3-DL 4 - DL
0 0
0 0
< QPSK ~ QPSK -~
5 5
1] 1]
----- CodeRate  0.00000 0.00000 0.00000 0.00000 0.00000
g-TTI 5-DL 6-DL 7-DL 8.-DL 9.DL
----- # RB 1] 0 0 0 0
----- Stant RB 1] 0 0 0 0
----- Mod QPSK - QPSK - QPSK - QPSK - QPSK -
----- TBS ld= H 5 5 5 5
----- TBS 0 0 0 1] 1]
----- CodeRate  0.00000 0.00000 0.00000 0.00000 0.00000
----- Throughput 0.000 Mbit's
GO T l
DL Stream1 | DL Stream IV ol low WH ]
----- TTI Copy 0 - = Al ~ Copy
g-TTI 0-UL 1-UL 2-UL 3-uL 4 - UL
----- # RB 1] 0 100 0 0
----- Stant RB 1] 0 0 0 0
----- Mod. QPSK - QPSK - QPSK - QPSK - QPSK -
----- TBS ld= 2 2 2 2 2
----- TBS 0 0 4584 1] 0
----- CodeRate  0.00000 0.00000 0.16000 0.00000 0.00000
B-TTI 5- UL 6 - UL 7-UL 8-UuL 9.uL
----- # RB 1] 0 0 0 0
----- Start RB 0 0 0 0 0
----- Mod QPsSK QPSK |~ QPSK - QPSK -~ QPSK -
----- TBS ld= 2 2 2 i i
----- TBS 0 0 0 1] 1]
----- CodeRate  0.00000 0.00000 0.00000 0.00000 0.00000
---- Throughput 0.458 Mbit's

kB QPSK
16-QAL
50 B PUCCH

Fig. 26: DL and UL RB schedulingset t i ngs for the general TAON/ OFF Ti me
FDD.
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DL Stream1 \ DL Stream? ] uL ] DINFOTIEWAN D

=-TTI 0-DL 1-Special  2-UL 3-UL 4-DL

----- # RB 0 0 0

----- Start RB 0 0 0

----- Mod QPsK - OPSK |~ QFSK |~

----- TBS ldx 5 5 5

----- TBS 0 0 0

----- CodeRate  0.00000 0.00000 0.00000
o-TTI 5.DL 6 -Special  7-UL 8- UL 9.DL

----- # RB 0 0 0

----- Start RB 0 0 0

----- Mod OPSK ~ QPSK ~ OPSK ~

----- TBS ldx 5 5 5

----- TBS 0 0 0

----- CodeRate  0.00000 0.00000 0.00000 -

LI =]

DL Stream1 | DL Stream? | DIFoowAvB|

-TTI Copy 3 v = Al *
2-TTI 0-DL 1 - Special 3-UL 4._DL
--# RB ]
--Start RB 0 ]
- Mod. OPSK -~ OPSK ~
- TBS ldx 2 2
--TBS 4584 0
- CodeRate 0.16000 0.00000
- TTI 5.DL 6 - Special 7-uL 8-UL 9.-DL
- RB 0 ]
--Start RB 0 ]
--Mod. OPSK - QPSK -
- TBS ldx 2 2
- TBS 0 0
- CodeRate 0.00000 0.00000
~Throughput 0.458 Mbit's -
RB QPSK
16-Gat
50

| Il FUCCH

Fig.27: DL and UL RB scheduling settings foi the gener al
TDD.

Start the test:
1. Enable the LTE cell. After that, power on the LTE UE so that it attaches to the network.
Then press Connectto establish the connection.

2. Set Exp.Nominal Power Modéo Manual, and Exp. Nominal Poweto i 3 dBm(i.e. expected
open-loop power); the Margin remains 12 dB. This setting is recommended for obtaining a
more accurate OFF power measurement. The difference between the ON power and
OFF power is around 40 dB ~ 50 dB. Both power points need to fall within the
R&S*CMW5008 dynamic range, which is explained in Section 2.1.2. Therefore, Rohde &
Schwarz recommends setting the expected nominal power to be the fUE transmitted ON
power.0
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3. Press Multi Evaluationand the MeasuremenBubframes and set Measure Subframi® 2, as
shown in Fig. 28.

| % 2 |
<+ Measurement 5... 3

Subframe Offset 0

Mo, of Subframes 10

Measure Subframe 2 ”

Measurement
Subframes ...

Fig. 28: Setting the measurement subframe value.

off - €0 < off  y - Bx off  y: -
dBm OFF Power (hefore) ON Power OFF Power (after)

.....................................

’ I I | | B T klli AN R | i

-1000 -800 -600 -400 -200 0 200 400 600

800 1000 1200 1400 1600 1800 2000

[ ] oFF Power (hefore) ON Power OFF Power (after)
RMS Peak

Current -55.12 dBm -1.48 dBm 4.99 dBm -55.14 dBm

(Bverage ~55.12 dBm ~2.19 dBm 4.63 dBm —55.12 dBm )

Min -55.21 dBm -2.89 dBm 3.98 dBm -55.18 dBm

Max -55.04 dBm —1.47 dBm 5.14 dBm -55.06 dBm

0.03 dBm 0.70 dBm 0.35 dBm 0.03 dBm

Fig. 29: Measurement results for the general ON/OFF time mask.

4. Activate the Power Dynamicsneasurement. This delivers the fOFF Poweroresult required
by TS 36.521-1, Section 6.3.3. The OFF Power (beforg value in this example is i
55.12dBm OFF Power @fter) is 155.12dBm The ON Poweris i 2.19dBm which is within
the limit set forth in the specification (1 10.1 dBm ~ 4.9 dBm).
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2.8.3 Test Requirements

The requirement for the power measured in steps (2), (3) and (4) of the test procedure shall not
exceed the values specified in TS 36.521-1, Table 6.3.4.1.5-1.

Channel bandwidth / minimum output power / measurement

bandwidth
1.4 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
Transmit OFF For carrier frequency f 03.0GHz: 0-48.5 dBm

power For carrier frequency 3.0GHz < f 04.2GHz: 0-48.2 dBm

=

Transmission OFF
Measurement 1.08 MHz | 2.7 MHz 4.5 MHz 9.0 MHz | 13.5MHz | 18 MHz
bandwidth

Expected
Transmission ON -14.8 -10.8 -8.6 dBm -5.6 -3.9dBm -2.6
dBm dBm dBm dBm
Measured power

ON power
tolerance
f 03.0GHz
3.0GHz<fO
4.2GHz

+7.5dB +7.5dB +7.5dB +7.5dB +7.5dB +7.5dB
+7.8dB +7.8dB +7.8dB +7.8dB +7.8dB +7.8dB

Table 12: General ON/OFF time mask (source: TS 36.521-1, Table 6.3.4.1.5-1).

2.9 PRACH and SRS Time Mask (TS 36.521-1, 6.3.4.2)

2.9.1 PRACH Time Mask

For general test conditions and settings, please refer to Section 2.1 of this application note.

2.9.1.1 Test Description

The purpose of this testis to verifythe UE6 s a b i | i tthe preamble at thenostpai power
required by the specification and with the correct ramping time for the UE between firansmit OFF
powerdand ftransmit ON powerdowhen transmitting the preamble.

This test should be performed with all the PRACH Format 0 ~ 3 for frequency division duplex
(FDD) and Format 4 for time division duplex (TDD).

The PRACH Configuration Indexshould be 3 for FDD and 51 for TDD.
The Power Rampin@ep should be 0 dB.

If non-Advanced OL Power is set, for FDD, the PUSCH Open Loop Nomial Power should be 8 dB
higher than the expected PRACH power, 7 dBm. For TDD, with PRACH Configuration Index
higher than 48, it should be the same as expected PRACH power, -1 dBm. The difference
between FDD and TDD is because when PRACH Configuration IndexX1is set for TDD, according
to specification, the expected PRACH power will be 8 dB higher (DELTA_PREAMBLE = 8dB,
according to 3GPP TS 36.321 Table 7.6-1) when all the other parameters are the same with
PRACH Configuration Irdex3. Therefore, the PUSCH Open Loop Nom. Powshould be 8dB lower
to achieve the same expected PRACH power.
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If Advanced OL Powes selected, configure Preamble Initial Received Target Powerachieve the
target PRACH power, shown as below.

FDD TDD
Preamble Initial Received Target Power -104 -112
PRACH configindex 3 51

2.9.1.2 Test Procedure

The settings for configuring the PRACH signal are found at LTE Signaling> Config> Physical Cell
Setup>PRACH

E-Physical Cell Setup

----- DL Cell Bandwidth 20,0 MHz = #RBB Max: 100
----- UL Cell Bandwidth 20.0 MHz
""" Physical Cell ID 0
----- Cyclic Prefix Hormal
----- Sounding RS (SRS) r
H-TDD
=-PRACH
----- Ho Response to Preambles r
" Power Ramping Step 0 dB V]
- Configuration Index 3
----- Frequency Offset 0
""" Logical Root Sequ.ld= 123
""|Zeru Corr. Zone Conf. |E|

Fig. 30: PRACH time mask test settings.

=

Reset LTE Signaling

2. Set the Power Ramping Stejp 0 dB and the Configuration Indexto 3 for FDD or 51 for TDD.
Selecting No Response to Preamblssoptional. If it is selected, the R&S* CMW500 will not
respondtothe UE® s p r ara thé UEeshould repeat transmission of the preamble
without a power change. If it is not selected, only one preamble will be captured for
analysis and the statistics should only be set to 1.

Set the open loop power according to the section above.

Set the RS EPRHEo i 85dBm/15KHz

Add the LTE PRACHMeasurementask(to include this in the task list, press the iMeasureo
hardkey) and select the scenario: Combined Signal Patltontrolled by LTE Sig1 The default
trigger is LTE Sig1l: PRACH Trigger

Press the ON/OFF button to activate the PRACH measurement.

Connect the UE and wait for the Power Dynamicsneasurement to be performed.

8. If No Response to Preambless been selected, the measurement is repeatable. Adjust the
reference level to get an accurate OFF powermeasurement as specified according to the
General ON/OFFTime Mask

ok w

N o
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[ LTE Measurement 1 - PRACH E]]
Wode: FDD  Freq. 1745.0 MHz Ref Level: 11.00 dBm Bandwidth: 20,0 MHz Freamhle Farmat 1}
Power Dynamics
Q= W — *0 = off oy -— 8« off oy -—
dBm OFF Power {befare) O Power OFF Power (after)
10
0
-10
-20
& Current
-30
-40
-a0
-60
| o eRen i
-1000  -800  -600 -400  -z00 0 200 400 1] aa0 1000 1200 1400 1600 1800 2000
I:l OFF Power (before) ON Power OFF Power (after)
RMS Peak
Current -53.35 dBm -1.32 dBm 2.05 dBm -53.95 dBm
Average -53.35 dBm -1.32 dBm 2.05 dBm -53.95 dBm
tin -33.39 dBm -1.32 dBm 2.03 dBm -53.95 dBm
Max -53.35 dBm -1.32 dBm 2.05 dBm -53.95 dBm
StdDev 0.00 dBm 0.00 dBm 0.00 dBm 0.00 dBm
Statistic Count Out of Tolerance
171 0.00 %
Fig. 31: PRACH measurement results.
Remarks:
1. The trigger timeout warning can be ignored, because itdoesn 6t i mpact the measur eme
results.
2. With advanced power settings it might not be possible to establish the call if the open loop

PUSCH power is much higher than the PRACH power and the reference power is set

close to PRACH power in order to get an accurate OFF power. If the user desires to

establish the call during the measurement, it is recommended to adjust the PO Nominal
PUSCHto bring the open loop PUSCH power close to PRACH power.

2.9.1.3 Test Requirements

The test requirement is shown as below table. The default limits setting in CMW500 is according
to the specification. If the user wants to test a different PRACH power, the limit setting should be

changed at LTE PRACH Configuration > Config > Limits > Power > Dynamics > ON Power

Channel bandwidth / Output Power [dBm]/ Measurement

bandwidth
1.4 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
Transmit OFF .
power ¢ 748.5dBm
Transmission OFF
measurement 1.08 MHz | 2.7 MHz 4.5 MHz 9.0 MHz | 13.5 MHz 18 MHz
bandwidth
Expected PRACH
transmission ON -1+7.5 -1+£7.5 -1+£7.5 -1+£7.5 -1+7.5 -1+75
measured power

Table 13: PRACH time mask (source: TS 36.521-1, Table 6.3.4.2.1.5-1).
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2.9.2 SRS Time Mask

For general test conditions and settings, please refer to Section 2.1 of this application note.

2.9.2.1 Test Description

The purpose of thistestisto ver i fy t he UE &hme soarding réferepce symbot r ans mi t
(SRS) signaling using the output power according to the specification and with the correct

ramping time for the UE between the transmit OFF power and the transmit ON power when

transmitting the preamble.

2.9.2.2 Test Procedure

SRS can be activated at LTE Signaling> Config> Physical Cell Setup

E-Physical Cell Setup

----- DL Cell Bandwidth 20.0 MHz ~ | #RB Max: 100
----- UL Cell Bandwidth 20.0 MHz

----- Physical Cell ID 0

----- Cyclic Prefix Normal

-{Sounding RS (SRS) ]

Fig. 32: Activating SRS signaling.

=

Reset LTE Signaling

2. Set the proper band, frequency channel and bandwidth and activate Sounding RSSR$ in
the LTE Sgnaling settings as shown in Fig. 32.

3. Set Active TPC Setutp Constant Power

4, If Non-Advance PRACH/OL Power Settings, Open loop NominaPowershould be set

according to below table.

Bandwidth Open loop Nominal Powd&dBm)
(LTE version >=V3.0.50)

1.4M 8.5

3M 9

5M 11

10M 14

15M 16

20 M 17

With Advanced Power Settings, set all the open loop related parameters to default values.

o

Set the RS EPRHo 185dBm/15KHz

6. Add the LTE SRS measurement task (to include this in the task list, press the iMeasured
hardkey) and select the Combined Signal Pathcenario controlled by LTE Sig1 The default
trigger is IF Power.

7. Turn on the cell and connect the UE to the R&S* CMW500, waiting for it to connect in the

default RMC mode.
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8. Deactivate Downlink MAC Paddingt LTE Signaling > Connectigras shown in Fig. 33. Then
set both DL and UL RMCto 0.

E!---Cunnection

----- Additional Spectrum Emission NS 01 ~
----- UE Meas. Filter Coefficient FC4
----- Connection Type Testmode -
- Testmode
Downlink MAC Padding )
----- Downlink MAC Error Insertion 0%

Fig. 33: Deactivating the downlink MAC padding.

9. Press the ON/OFF button to activate the SRS measurement.

10. Set the RF ReferencéPowerto Manual Adjust the Expected Nominal Poweo get a valid SRS
measurement. For the same reason as explained for the general ON/OFF time mask it is
recommended to set the Ref Levelto Peak Power 3 dB, to guarantee that the fOFF powerd
measurement is correct.
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easureme - Ak easureme

& Current
-30 R |
-40
-0
-60| i

-600 -400

a00 1000 1200

ON Power

OFF Power (before) OFF Power (after)

RMS Peak
Current 54.61 dBm 2.15 dBm 1.03 dBm 54.69 dBm
Average 54.61 dBm 2.15 dBm 1.03 dBm 94.69 dBm
Mlin 54.61 dBm 2.15 dBm 1.03 dBm 5465 dBm
lax 54.61 dBm 2.15 dBm 1.03 dBm H4.65 dBm

0.00 dBm

0.00 dBm 0.00 dBm

a) SRS Measurement result for FDD

*@ off oy - L2
dEm OFF Fower (hefore)

-— &8 off oy -—
OFF Power {after)

& Currert

.50 a
o mﬂ“hhmﬂ“i.mmmm o el LN A " ”1.“. i L L.. T G L ! BT R el

-1000 -800 -600 -400 -200 0 200 400 GO0 a00 1000 1200

1

OFF Power (before) ON Power (SRS 1) ON Power (SRS 2) OFF Power (after)

RMS Peak RMS Peak
Current —64.38 dBm -0.29 dBm 3.50 dBm —0.55 dBm 3.15 dBm -64.41 dBm
Average —64.38 dBm —0.29 dBm 3.50 dBm —0.55 dBm 3.13 dBm -64.41 dBm
hdin —64.38 dBm —0.29 dBm 3.50 dBm —0.55 dBm 3.15 dBm -64.41 dBm
ax —64.38 dBm —0.29 dBm 3.50 dBm —0.55 dBm 3.15 dBm -64.41 dBm
StdDey 0.00 dBm 0.00 dBm 0.00 dBm 0.00 dBm 0.00 dBm 0.00 dBm

b) SRS Measurement result for TDD

Fig. 34: Measurement results for the SRS time mask.
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2.9.2.3 Test Requirements

The SRS power should be in line with the specification.

The test requirements are defined in Table 14.

Channel bandwidth / Output Power [dBm] / measurement

bandwidth
14 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
Transmit OFF For carrier frequency f 03.0GHz: ¢ -48.5 dBm

power For carrier frequency 3.0GHz < f 04.2GHz: 0-48.2 dBm
Transmission OFF
Measurement 1.08 MHz | 2.7 MHz 4.5 MHz 9.0 MHz | 13.5MHz | 18 MHz
bandwidth

Expected SRS

=

L -2.6 -2.6 -2.6
Transmission ON -2.6 dBm dBm -2.6 dBm dBm -2.6 dBm dBm
Measured power

ON power

ti'ggnochz +75dB | +7.5dB | +7.5dB | +7.5dB | +7.5dB | +7.5dB
3.0GHz <O +7.8dB +7.8dB +7.8dB +7.8dB +7.8dB +7.8dB

4.2GHz

Table 14: Requirements for the SRS time mask test.

2.10 Power Control i Absolute Power Tolerance (TS 36.521,
6.3.5.1)

The purpose of this test is to verify the UE transmitter6 s  a to set its inityjal output power to a
specific value at the start of a contiguous transmission or non-contiguous transmission with a
long transmission gap.

2.10.1 Test Description

For general test conditions and settings, please refer to paragraph 2.1 in this application note.
The values to be selected for the bandwidth, frequency and RMC, along with details on the RB
allocations, are defined in TS 36.521, Table 6.3.5.1.4.1-1.

For Band 7, the test is defined for 5 MHz and 20 MHz bandwidths, taking TS 36.521, Tables

5.4.2.1-1 and 6.3.5.1.4.1-1 into account. Each bandwidth configuration should only apply to

middle-range channels. The purpose of thistestistover i fy the UE®&s power control
using only QPSK modulation and full RB allocation.

In the specification, a set of system information parameters are configured according to
TS36.508. The ultimate purpose is to get the initial output power to a specific value.

With Non-Advanced PRACH/OL power setting, this initial output power is configured through the
Open loop Nminal Power
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Bandwidth Open loop Nominal Powel Open loop Nominal Power
(dBm) (Test Point 1) (dBm) (Test Point 2)
1.4M -15 -3
3M -11 1
5M -9 3
10M -6 6
15M -4 8
20M -3 9

With Advanced PRACH/OLpower settings, PO Nominal PUSCH should be changed from the
default value.

Parameters

Test Point 1

Test Point 2

PO Nominal PUSCH -105 dBm

-93 dBm

2.10.2 Test Procedure

Connect the SS to the UE antenna connectors as shown in TS 36.508, Annex A, Figure A3.
1. Reset LTE Signaling

2. Enable the LTE cell. Before powering on the UE, set Active TPC Setufm Constant Power
and open loop power settingsgcording to above description for test point 1.

b

F Power Uplink

- Exp. Nominal Power Mode

According to UL Power Control Settings ~ ]

- 0
_A

-~ Exp. Nominal Power
- Margin 12.00 dB
- Mixzer Level Offset 0 dB

- Downlink Power Levels
=-Uplink Power Control

11.80 dBm Ref.Level: 23.80 dBm

- Expected PRACH Preamble Power  -1.0 dBm

-"-IExpemed 0L Power ||—2.I3 dBm|

~

e[ == g Full BB Allocation
dvanced PRACH/OL Power
- Enable Advanced Settings v
- Heference Signal Power 18 dBm
-~ Preamble Initial Received Target... -104 dBm
-~ PD Nominal PUSCH -105 dBm
-~ Pathloss Compensation Alpha 0.8 -
-~ Pathloss 103.0 dB

J

X Power Control {TPC)

- Active TPC Setup Constan

t Power

Fig. 35:

Settings for thAkbddlowtee

FEowdag mr oT ol

3. Deselect Keep RRC Connection to enable RRC Idle mode.
4. Power on the UE and wait for the UE to attach to the network. Once the UE has attached
to the R&S* CMW500, press Connectto establish the connection.
5. Go to the multi-evaluation interface to obtain the measurement result for Test Point 1
(r5.23dBmin the example shown in Fig. 36).

eranceo

test
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Fig. 36: Example results for the Test Point 1 measurement.

6. Press ODisconnect 6 f.mThremchandgedhe apénHoodpoviersetiing | i n g
according to test point 2. The other settings remain the same.

Press Connectto establish the connection again.
8. Go to the multi-evaluation interface and get the Test Point 2 measurement result

(6.07dBmin the example shown in Fig. 37).

~

Fig. 37: Example results for the Test Point 2 measurement.

2.10.3 Test Requirements

The requirement for the power measured in step (2) of the test procedure is that the results must
not exceed the values specified in TS 36.521-1, Tables 6.3.5.1.5-1 and 6.3.5.1.5-2.
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