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Introduction

1 Introduction

The R&S®CMW500 Wideband Radio Communication Tester can be used throughout
all phases of LTE device development and provides powerful tools for performing
signaling tests. A wide choice of test scenarios is available as product options. Testing
under real propagation conditions is important for many of these test scenarios in order
to verify the correct operation of the device’s protocol stack implementation in detail.
For example, correct operation of layer 1 procedures like HARQ (hybrid automatic
repeat request) retransmission protocol can be investigated, or throughput
performance of the protocol stack can be tested. The HDR High Data Rate test case
contained in the LTE example scenarios (option CMW-KF500) supports MIMO and is
suited for demonstrating the influence of fading on the downlink BLER (Block Error
Rate) and throughput. It is therefore used in this application note as example to explain
the test setup for LTE terminal performance tests. Besides the R&S®CMW500
Wideband Radio Communication Tester as base station simulator, the R&S®AMU200
Baseband Signal Generator and Fading Simulator is part of the test setup. It models
the propagation conditions including fading for SISO and MIMO scenarios, as well as
noise.

The following abbreviations are used in the following text for R&S® test equipment:

e The R&S®CMW500 Wideband Radio Communication Tester is referred to as
CMW.

e The R&S®AMU200A Baseband Signal Generator and Fading Simulator is referred
to as AMU.

e R&S® refers to Rohde & Schwarz GmbH und Co KG.

1MA177_4e
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Overview of LTE Technical Concepts

2 Overview of LTE Technical Concepts

LTE (3GPP Release 8)

UMTS Long Term Evolution (LTE) was introduced in 3GPP Release 8. The objective
was to design a high data rate, low latency and packet optimized radio access
technology. LTE is also referred to as E-UTRA (Evolved UMTS Terrestrial Radio
Access) or E-UTRAN (Evolved UMTS Terrestrial Radio Access Network). LTE defines
an FDD (Frequency Division Duplex) and a TDD (Time Division Duplex) mode. The
basic concept for LTE in downlink is OFDMA (Orthogonal Frequency Division Multiple
Access), while MIMO technologies are an integral part of LTE. The uplink multiple
access scheme is SC-FDMA (Single Carrier Frequency Division Multiple Access). See
[1] for a detailed introduction into LTE technology.

OFDMA

This downlink transmission scheme for E-UTRA FDD and TDD is based on
conventional OFDM (Orthogonal Frequency Division Multiplexing). In an OFDM system
the available spectrum is distributed to multiple carriers, called subcarriers. Each of
these carriers is independently modulated by a low rate data stream. OFDM has
several benefits including its robustness against multipath fading and its efficient
receiver architecture. In contrast to an OFDM transmission scheme, OFDMA allows
sharing the available bandwidth among multiple users.

A radio frame in LTE lasts 10 ms and consists of 10 subframes lasting 1 ms each. The
smallest unit that can be allocated within a subframe is the resource block. It
comprises 12 subcarriers with 15 kHz spacing (corresponding to 180 kHz) in the
frequency domain and half a subframe (corresponding to 7 OFDM symbols for the
normal configuration) in the time domain.

MIMO

Multiple antenna systems are typically known as Multiple Input, Multiple Output
systems (MIMO). MIMO can be used to make radio communications more robust, even
with varying channels. Towards this end, transmit and/or receive diversity mechanisms
are exploited. Multiple antenna technology can also be used to increase the data rate
instead of improving robustness: with spatial multiplexing, several data streams can be
transmitted simultaneously over the same air interface resource. In practice, spatial
multiplexing and diversity methods are used separately or in combination, depending
on the channel condition. See [2] for a detailed introduction into MIMO. MIMO is a key
technology in LTE to meet the ambitious requirements on peak data rate. Seven MIMO
transmission modes, including transmit diversity and spatial multiplexing schemes, are
defined in 3GPP release 8.

Single User MIMO (SU-MIMO)

When the data rate is to be increased by spatial diversity for a single UE (user
equipment), this is called Single User MIMO (SU-MIMO). The example in this
application note uses 2x2 SU-MIMO, which is referred to as 2x2 MIMO in the following.
Figure 3 illustrates the 2x2 MIMO scenario, with 2 transmit antennas at the base
station, and 2 receive antennas at the UE. The radio channel between each transmit
and receive antenna is denoted as h;, with i being the index of the receive antenna,
and j being the index of the transmit antenna. When evaluating the performance of LTE
devices, modeling these radio channels realistically is an important task.

1MA177_4e
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Base station LE

Figure 1: SU-MIMO

MULTIPATH PROPAGATION or FADING is an effect which occurs in real world situations. A
signal sent from the base station may take different routes (direct line of sight or
reflected) and reach the receiving antenna at different times leading to a sum of phase
shifted and, if the receiver is moving, frequency shifted signals. For investigating MIMO
scenarios, additional aspects have to be considered. The performance of MIMO
algorithms largely depends on the correlation between the radio channels (h; in Figure
3). For example, MIMO spatial multiplexing performance degrades in highly correlated
scenarios, because the receiver cannot recover the simultaneously transmitted data
streams any more. The AMU fading simulator offers LTE SISO and MIMO fading
propagation scenarios covering a wide range of real world situations. Also the channel
models defined by 3GPP for LTE are supported, e.g. EPA (Extended Pedestrian A),
EVA (Extended Vehicular A) and ETU (Extended Typical Urban) with low, medium and
high correlation. See [3] for a detailed description of MIMO test setups with fading.

AWGN (Additional White Gaussian Noise) is typically modeled in receiver tests as well
because it may also lead to a decrease of throughput. The quality of the received
signal is affected by the ratio of the signal power to the surrounding traffic noise level
(Signal/Noise Ratio). The modulated signals from neighbor cells simply appear as
noise. This effect is simulated by including AWGN to the signal.

In the following the most important terms and LTE downlink (DL) channel names used
in this application note are briefly described.

Downlink Data Transmission

PDSCH — The user data in the LTE downlink is carried on the Physical Downlink
Shared Channel.

Downlink Control Channels

PDCCH — Physical Downlink Control Channel serves a variety of purposes. Primarily it
is used to convey the scheduling decisions to individual UEs (User Equipment). It
carries Downlink Control Information (DCI), e.g. downlink or uplink scheduling
assignments, and is located within the first OFDM symbols of a subframe.

PCFICH — Physical Control Format Indicator Channel is carried on specific resource
elements in the first OFDM symbol of the subframe. It is used to indicate the number of
OFDM symbols for the PDCCH (1, 2, 3, or 4 symbols are possible).

1MA177_4e

Rohde & Schwarz LTE Terminal Tests under Fading Conditions with R&S®CMW500 and R&S®AMU200A 6



Overview of LTE Technical Concepts

PHICH — Physical Hybrid ARQ Indicator Channel - Carries the ACK/NACKSs for uplink
data packets.

PBCH - Physical Broadcast Channel - Carries the Master Information Block.
Downlink physical signals

Reference signals — A cell-specific reference signal is transmitted in specified
resource elements in downlink. Every sixth subcarrier in the frequency domain is
carrying a reference symbol. The reference signal is used for channel estimation in the
UE receiver.

Synchronization signals — Primary and Secondary synchronization signals are used
by the UE to acquire synchronization to the cell and to identify a cell.

Among other factors, the overall LTE performance will depend on the power settings of
the LTE downlink signal. These power settings can be flexibly adjusted in the CMW
Protocol Tester, acting as base station simulator in the test setup described in this
application note. In LTE, the downlink power control mechanism in the base station
determines the energy per resource element (EPRE). A resource elementin LTE is
defined as the smallest entity in the resource grid of subcarriers (in the frequency
domain) and OFDM symbols (in the time domain). Each resource element therefore
corresponds to one complex-valued modulation symbol. A commonly used reference
value is the energy per resource element for the reference signals:

RS-EPRE — Reference Signal — Energy per Resource Element- Is set by the base

station. The levels of the downlink physical channels are typically referenced to RS-
EPRE. The downlink reference signal EPRE is derived by the UE from higher layer
signaling (system information).

For the PDSCH power setting, it has to be differentiated between PDSCH resource
elements in OFDM symbols carrying reference signals and PDSCH resource elements
in OFDM symbols without reference signals. The ratio of PDSCH-EPRE to cell-specific
RS-EPRE is denoted by either p, or pg. Itis denoted by

- p, in case of OFDM symbols without reference signals, and
- pp for OFDM symbols carrying reference signals.

p4 is UE-specific and derived from higher layer signaling.
The ratio p,/ p, is cell-specific and provided by higher layer signaling.

Figure 4 illustrates a possible scenario with power setting for the reference signals, the
PDSCH and the PDCCH (blue).

1MA177_4e
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PDSCH power in OF DM symbols where NO reference |
signals are present (g,) is UE-specific and |
derived from higher layer signalling

[frequency]

Figure 2: LTE Downlink Power Settings
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3 Measurement Setup

3.1 Overview

All the CMW test cases from the LTE example scenarios (option CMW-KF500) use the
RF1 COM for SISO and additionally the RF3 OUT connector for the MIMO scenario
which is necessary for the HDR High Data Rate test.

Fig. 2 shows the CMW digital baseband connection. SISO tests need input and output
A while MIMO requires input and output A and B.
From AMU To AMU

B A A B

DIGIDIN 7 OUT 2

Figure 3: CMW Digital In / Out

3.1.1 SISO Test Setup

The following figure shows the setup for SISO based measurements.
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Figure 4: Hardware Configuration for LTE Terminal Test under SISO Fading Conditions
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3.1.2 MIMO Test Setup

The AMU fading simulator is connected to the CMW via the digital baseband input and
output A. Some measurements from the LTE example scenarios are set to SISO by

default.

The following figure shows a MIMO setup which is required for the HDR High Data
Rate example scenario.
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Figure 5: Hardware Configuration for LTE Terminal Test under MIMO Fading Conditions
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Detailed configuration information for AMU and CMW can be found at the end of this

application note.

The AMU fading simulator is connected to the CMW via two digital baseband inputs
and outputs A and B. In this application note the throughput measurement software
TCP Monitor Plus (Tcpmon) is used to measure the downlink throughput. It runs on the

PC controlling the UE.
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3.2 CMW Configuration

Following software tools from the CMW Protocol Tester package R&S MCT are used
for configuring the test case ml_HDR High Data Rate. The same principle is also
applicable for the other example test cases.

3.21 LTE4TCT

The LTE 4 TCT (Throughput Configuration Tool) allows easy tweaking LTE test case
parameters which affect the throughput. It displays the max. possible throughput for
comparison with the actual measurement results.

e Execute START > PROGRAMS > R&S MCT - LTETCT

[ RS CHwW * Bl Automation Manager
" ) RBSMCT ¥ P LiTest sagquencer Cifine 109
600 ) RS Version Manager  » W LiTest Sequencer Online 1.05
[0 Resvisa ¥ B8 Liesnse Proxy
400 [ Startup '@ LrETCT
£ Ltravne

o 3 Hardcopy
& Intornet Explorer WIT Editor
@ Notspad . Project Explorer
W
W Pant B rroiest Exploter
Lost Packets (%) == L2 'Windiows Explorer & Protocol Te:

umer
- R =) Windows Medks Player ﬂ Progocol Tasting Monitos
™ Progr A
m 7 wm.—f‘.ﬂd—d B Remate Contral

Figure 6: Execute LTE TCT

e Press MOUNT and select the directory of the desired test case, e.g. c:\Rohde-
Schwarz\Scenarios\27.25.0\APPL old\MLAPNTCT4LTE\1\mI_tct4lte\msg\

3 TCT 4LTE v3.0.2 (beta)

Logging Scheduling Type Control
. RMC measurement:
o JICTESE TG | [ mount | | write | [ Restore |
Thioughput Settings | Nebwark s_etting_35 Mamm Path: Ol Sl oamios BTSS0I, oloMALARITE TS AT i iondhelm g

Figure 7: Mount Path

o Edit the desired parameters, e.g. E-UTRA Band (e.g. Band 20) and the ones
affecting the uplink and downlink data rate, ANTENNA CONFIGuration (SISO, TxDiv
or MIMO), SYSTEM BANDWIDTH (1.4, 3, 5, 10, 15, 20 MHz) and the PERFORMANCE
ASSIGNMENT parameters MODULATION scheme (QPSK, 16 QAM and 64 QAM),
NPRB (Number of Physical Resource Blocks) and TBS (Transport Block Size).
The max. possible data rates (MAC TBS, RLC and MAX. IP) are updated whenever
one of the parameters above is changed. The EST. UL POWER LEVELS displays the
evaluated power levels for PRACH and PUSCH transmissions. Set the DL power
to e.g. -500 cBm = -50 dBm and check AuTO UL POWER in this example. In
automatic mode, the setting of the Uplink reference level will be chosen +3 dB on
top of the calculated PUSCH power level (max: +21 dBm). If the MSG #5 and
PUSCH levels are displayed red, the NomINAL PUSCH slider needs to be changed
until they turn green. A TBS/NPRB combination evaluating into a code rate higher
than “1” is displayed in a red color and a tooltip informs that it can be resolved in

1MA177_4e Rohde & Schwarz LTE Terminal Tests under Fading Conditions with R&S®CMW500 and R&S®AMU200A 11
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either changing the number of PDCCH symbols (by moving the CFl slider) or in

adapting the MCS index.
_@ TCT 4LTE v3.0.2 (beta) £a
Logging Scheduling Type R Control
bl o

Throughput Settings | Metwark settings
Cell paramters

I Mount l I Write ] IRestore ‘

Mamm Path: iR Sl Soamios ETIS0M AL obMALARITE T Tl terdtobmag]

Power Allocation

Est. UL Power levels

O RLC &M [ Headsr compr,
PUSCH configuration

Code rate
] RLC Lt ol apsk [ 165:@AM
oR 055
RB=tart  NPRB
CRATI CH | T RiY 4800
A j TBS '
Tt . Mcsg
1 3
) ) MAC TBS rate.  7.992 (Mbps]
OL padding IP version i
RUCdatatate  7.960 [Mbps]

O] ONZOFF  [IPvs iv'l mav. IP data rate 7.952 [Mbps]

Antenna config Duplex Mode DL [cBm] --SﬁD .:_ e
O =@ O mxoiv [ Mmo FDD X,
[l Auta UL poywer SG A3
System bandwidth TO-LTE frame | special subframe : MSG#5
UL [cBim] 28 2]
20 MHz (100 RB} - — PUSCH
Mominal PUSCH; 96
E-UTRA Band Galirniliss e
Downlink 6250 1% 801 [MHz] v
FDD 20 x: = =
Uplirik 24250 13 @4z [MHz) Ao P_A P B [v] PA 3
RLC/PDCP Assignment

| Registration assignment | Performance assignment |

PDSCH configuration

[0 apsk [ 16 @am [ 64 Gam
RE Start  NPRB

4 - B4 -
TBS

T4 he
MMAC TES rate B340 [Mhps]
RLC data rate B335 [Mbps]

max. P data rate. 5703 (Mbps)

- [l OCNG (PDSCH, PDCCH, PHICH)

222 dBm
222 dBm
9.7  dBm
57 dBm

A8
Code rate
CR 0.65

RIv 167 7EIED

R 0,5 16776960
MCE 23

Figure 8: TCT 4 LTE GUI

o REGISTRATION ASSIGNMENT — It is convenient not to use the highest possible but
rather medium values for NPRB and TBS for uplink and downlink to ensure
successful registration even under non-ideal transmission conditions (fading and

AWGN turned ON in AMU).

Regiztration assignment | Performance assignment

PUSCH configuration PDSCH configuration

Code rate Code rate
bl aPsk [ 18 cam i aPsk [ 16 @am [ 64 @am

CR 0.60 CR 0.60
RE Start  MPRE RB Start  NPRB
0 Zjd " R 1000 4 [Elj3s T RW 16744443
8% B Riv 05 16744445
3496 . MCs10 5736 - MCS a
MAC TES rate 3496 [Mops) MAC TES rate 11.47 [Mops]
RLC datarste 3472 [Mops] RLC data rate 11.44 [Mhops]

max. IP data rate 3456 [Mbps] max. IP data rate

Figure 9: Registration Assignment

10.25 [Mbps]

o PERFORMANCE ASSIGNMENT — The maximum theoretical DL data rate is 142.2 Mbps
with System Bandwidth = 20 MHz, Modulation Type = 64 QAM, NPRB = 96 and
TBS = 71112. The MAX. IP DATA RATE in this example is 57.03 Mbps with the
parameters as shown in Figure 8. The data rate sent by the DAU must be < max.

IP data rate (e.g. 56 Mbps, see 4.1).

o After editing the parameters press the WRITE button which updates all necessary

*.xml files in the mounted directory.
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For detailed information see the TCT 4 LTE manual.

3.2.2 Project Explorer (Option CMW-KT010)

3.2.21 TestProjectLTE

Open the test project description file e.g. c:\Rohde-Schwarz\Scenarios\27.25.0\APPL
Old\MLAPNTCTA4LTE\1\ TCT4LTE_TestProjectDescription.tpd and check the
ML_TCTA4LTE test case.

' [H Project Explorer CMw - TCT4LTE_TestProjectDescription.tpd [C:Rohde-Schwarz\Scenarios'27.25.0APPL old MLAPITCTALTE]
File  Edit Execution: Miew Help

BasDREX A BDAFH A2 L annE BE

@ TCTYLTE TestProjectDescription bpd ] # Test Praject Results |

EQ:E Tesk Project Description
E}- O LTE Test Praject
E- E= Test Sequences
] B [¥]12 Throughput For LTE configurator test sequerice

- [VoMCTCTAEE

& Test Sequence Configuration Files
[ﬂ@ Extension Scripts

3] L_F'!] Test Suites

Figure 10: Select Test Case

Click the System Configuration Button.

e ab ol B

[Dpen Svstem Configuration Dilog. |

Figure 11: Open System Configuration Dialog

In the System Configuration Dialog set UE Connected To RF (Fading). Close the
Dialog and click yes to save the configuration.

- H Systemn Configuration

LUE Connected Ta

RF (Fading) .v.

Figure 12: UE Connected to RF

TMA177_4e
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3.2.2.2 TestSuiteLTE
Open the test suite description file e.g. c:\\Rohde-Schwarz\Scenarios\27.25.0\APPL
Old\MLAPNTCTA4LTEWV\ TCT4LTE_TestSuiteDescription.tpd and check the
ML_TCTALTE test case. Turn RF wiTH EXT. DIGIQ FADER ON in order to use the
external fading simulator AMU.
[ Test Suite Explorer CMW - TCTALTE. TestSuiteDescription ted [C:Rohde-SchwarziScenarios27.25.0APPL ald MLAPKTCTALTE] (=) (0 &
_File. Edit Wiew Help
DEPEREX A DADPT~viB] H
& TCT4LTE_TestSuiteDescription. tsd ]
El- Test Suite Description [ Mame Yalue
B LTE Test Suite Purpose
El- Test Case Definitions Timeaut [<] 0
B L TETHTE Sta.chco.!nﬁl?inaf.ioulj. — LTE MIMO
: (- Configuration Files RE with ext, Diglg Fader
Figure 13: Turn external fading simulator ON
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3.3 AMU Configuration

Changing input level, fading profile or AWGN settings on the AMU affect the insertion

loss and must be compensated on the CMW as shown in 3.3.7 before a throughput or
other measurement is performed!

3.3.1 External Reference

The AMU needs to be synchronized by connecting the CMW Ref1 Out to the AMU Ref
In. The AMU must be set to external reference in the following menu.

10 Out = Grest Facir| 30.00 @8 pee .00 osrs -]

Digital | vo our | REF

vaout| ofF crwhml 000""“' 0.00 IFSL'

Reference Oscillator Settings

- Setup — —I ——Reference Oscillator
mm, cA External =
internal Adjustments...

wternal Reference Fi 1[| MHz -
Hardware Config... E :

Figure 14: External Reference

3.3.2 Digital Input

Two important criteria of the baseband signal are the Crest Factor and the PEP (Peak
Envelope Power). The PEP of the digital LTE basband signal coming from the CMW is
defined as 0 dBFS (= dB Full Scale, the level ratio of the signal to the maximum

possible voltage of | or Q, e.g. 0.5Vp = 1Vpp [peak to peak]). The Crest Factor is the
ratio between PEP and (RMS) LEVEL.

A
0 dBFS _____________________________________________“__PEP= 0 dBFS
Crest Factor =13 dB
v _
o . —— T _— Y _RMS Level =
-13 dBFS -

Figure 15: PEP, RMS Level and Crest Factor

The LTE signal at the CMW digital baseband output is defined as follows:

TMA177_4e
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Crest Factor

=15 dB — (-5 dB)

wrt means “with reference to”.

=15 dB — (DL RS Power Offset wrt maximum EPRE)
=20dB

DL RS POwWER OFFSET WRT MAXIMUM EPRE is found in the configuration file

LTE_ CRRCCELLPOWERASSIGNEMENTCONFIGREQ.XML which can be viewed and edited
with the MESSAGE COMPOSER (option CMW-KT012) or a text editor. In the example of
Figure 16, DL RS Power wrt maximum EPRE is -5 dB, thus

Crest Factor = 15 dB — (-5 dB)

=20 dB.

E Mes=age Composer - C'Rohde-Schwarz\Scenarios'27.30.4APPLMLAPILTE. SAMPLE_SCHv'mI_HDR\msg 10MHzLte_Crr

File  Edit Help
BE 2eMaT H

=D C;YRohde-Schwarzl Scenariost 27,30, 448PPLYMLARTY
| Lte_CrrcCelPowerConfigReg. xml|

N Lte_CrrcUeResourceA55|gnmentConF|gReq.xml

Lte: EmmSecurityMadeCommand.xml

Lte RroCmacBochConfigReqg, xml

Lte_RrcCmacCochiConfigReq.xml

Lte_RroCmacCellConfigheq.xml

LteRreCmacDlAssignmentConfighed. xml

Lt RroCmacDlAssignment ConfigReg bdd, xml

Lte: RroZmacLogConfigReg.xml

Lte_RrcCmacRachConfigReg.xml

LteRreCmacleConfigRed. <l

Lte_chCmacUIAssignmentConFigReq.xml

Figure 16: DL RS Power Offset

= ASPHeader
i Choice = CrrcCellPowerConfigRer
== CRRC Cell Configuration Reguest
= 0 Cell Handle (0,244 = (0}

= Activation Time

SystemFramebumber={FrameiumherCount)%1024
= DIPowerConfig

Maximum DI Cell Power [cBm] = -400)

Primary Synchronisation Power COffset wert maximum E
; Secondary Synchronisation Power Offset wrt maximu
[~ |DL RS Power Offzetwit maximum EPRE [cB] = (-50)

It must be taken into account when adjusting the digital input to the AMU. The AMU BB
Input A (and B for MIMO) must be set to 0dBFS PEP and the Crest Factor as
determined above (20 dB in this example).

F Baseband Input Settings A =]
s T
Mode [Digital Input |
1/ Swap [~ On

Rate
Source IUser Defined j
Value | 100.000 000 000 [MHz |
Basel 1 Input Level
Measurement Period I 2 Is j
Auto Level Set
Crest Factor | 20.00 [uB J
PEP | 0.00 |dBFS ~|
Level | -20.00 [¢BFS ~|

Figure 17: AMU Baseband Input Settings

Remote Commands:

SOURcel |2:BBIN:STATe ON
SOURcel | 2:BBIN:MODE DIGital
SOURcel | 2:BBIN:SRATe:SOURce
SOURcel | 2:BBIN:SRAT 100MHz

// Turn Baseband A|B Inp. ON
// Select Digital Input Mode

USER // Select Digital Input Mode
// 100 MHz sample rate

TMA177_4e
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SOURcel | 2:BBIN:CFACtor 20.00 // Set 20 dB Crest Factor
SOURcel | 2:BBIN:POWer:PEAK 0.00 // Set 0 dBFS PEP

3.3.3 Digital Output

The digital 1/Q output A (and B for MIMO) must be turned ON and the PEP set to the
same value as at the input (0.00 dBFS). Set the output sample rate to 100 MHz.

[ Digital 10 Output Settings A =S
s e
Sample Rate
Source {User Defined =
Value {100.000 000 000 [MHz ~|
Signal Output
Set Level Via {peR ~
PEP | 0.00 [dBFS ~|
Lo T
CrestFactor($) | 2000 (a8 ~|
est Factor (S*N)S) | 30.00 |dB ;ﬂ

Figure 18: Digital I/Q Output Settings

Remote Commands:

SOURcel|2:IQ:0UTPut:DIGital:SRATe:SOURce USER

SOURcel |2:IQ:0UTPut:POWer:VIA PEP

SOURcel |2:IQ:0UTPut:DIGital:POWer:PEP 0 // Set PEP = 0 dBFS
SOURcel |2:IQ:0UTPut:DIGital:STATe ON // BB A|B dig. outp ON

1MA177_4e Rohde & Schwarz LTE Terminal Tests under Fading Conditions with R&S®CMW500 and R&S®AMU200A 17



Measurement Setup

3.3.4 Display Settings

In the I/Q OUT SETTINGS menu select LEVEL DISPLAY SETTINGS... for the easy readout
of output level and insertion loss.

170 Out Settings
W 11G Ot OM

21 10 Swap

Level Display Settings...
Analog 1'Q Output Settings...
Digital 1'Q Output Settings...

Figure 19: Level Display Settings

Set the AUXILIARY INFORMATION parameter in the LEVEL DISPLAY SETTINGS A (and B for
MIMO) menu to CREST FACTOR ((S+N)/S). This crest factor indicates the ratio of the

peak value of the signal plus noise, to the RMS level of the signal without noise.

a Level Display Settings A =
Display 1/0 Outpit | Digital ~

Set Level Via PEP -

Inmywmnmfaesu Factor ((S+N)'S) J

Figure 20: Level Display Settings

Remote Commands:

SOURcel |2:IQ:0UTPut:DISPlay DIGItal
SOURcel |2:I1Q:0UTPut:POWer:VIA PEP
SOURcel |2:IQ:0UTPut:DISPlay:AINFormation CFSN

3.3.5 Fading Settings

The example HDR High Data Rate test case runs with 2x2 MIMO, but some of the
other LLAPI/MLAPI example test cases use a SISO scenario. Both scenarios are
described below.

TMA177_4e
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2x2 MIMO Scenario

Select 2x2 MIMO in the Fading A (or B) config... menu.

Baseband A
config...

[ On

R
DI LGy 1M

Baseband B
config...

[ On
MSK

Figure 21: 2x2 MIMO Scenario

Remote Command:

Fading
Fading Settings...
Signal Routing
A—w A IB—» B
A —w» A{unfaded) || B —w» B {max paths)
A —w» A{max paths)|| B —» B {unfaded) 5()
A—w A IIB—m A
A—wB IB—» B
A—w» AandB |IB—» Aand B
A—w» AandB || B —» {open)
A —w» {OpeEn) |IB—» Aand B
MIMO

1x2 MIMO + Addition Baseband B

v %7 MIMO
2x4 MIMO
4x2 MIMO
2%3 MIMO
3x2 MIMO

MIMO Subset

v Subset 1

Subset 2
Summation Ratio & /B — £

0.0 dB

SOUR:FSIM:ROUT FA1lA2BFBl1A2BM24

Select the desired fading standards in the LTE MIMO menu, e.g. EPA 5Hz Low
(Enhanced Pedestrian A, low correlation).

il EPA 5Hz Medium
[standara [EPa sHz EPA 5Hz High
Settings LisE EVA 5Hz Low
Speed Unit | coma v EVA 5HzMedium
= | GSM »  EVA 5HzHigh
NADC »  EVA 70HzLow
Virtual R | pen »  EVA 70HzMedium
Rest: TETRA » EVA 70Hz High
Coupled Parameters... | = e it s
WLAN »  ETU 70Hz Medium
DAB »  ETU 70Hz High
WIMAX »  ETU300Hz Low

L

WIMAX-MIMO  » ETU 300Hz Medium

» ETU 300Hz High

TE
LTE-MIMO » HST 3 Tunnel Multi Antennas

EPA S5Hz Low

Figure 22: LTE-MIMO Fading Standards

Remote Command:

SOURcel |2:FSIMulator:STANdard LMEPASL

TMA177_4e
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The AMU needs to know the CMW RF frequency in order to calculate Doppler based

fading standards correctly. This frequency, e.g. 2.646 GHz, must be entered in the
VIRTUAL RF control.

Virtual RF | 2.646 000 00 [MHz ~ |
Figure 23: Virtual RF

Remote Command:

SOURcel | 2:FSIMulator:FREQuency 2646MHz

Turn fading ON.

o CrestFoctor| 33 (07 @8 e[ ()00 e8s -] veve| -33.07 8fs
o Crestfaciorl 33.01 a8 pee| (.00 c8s -] vever] .33 .07 d8Fs

BERT

Figure 24: 2x2 MIMO Fading Scenario

Note: When changing a setting in one of the fading blocks Fading AA, AB, BA or BB,
it also always applies to all other blocks.

There are three correlation modes for EPA, EVA and ETU LTE fading settings
according to 3GPP specification TS36.101.

e Low = No correlation between path A and B faders. This results in best
throughput and BLER results.

e Medium = A and B are correlated to a certain degree, throughput decreases
and BLER increases.

e High = Full correlation between A and B faders which annuls the improvement
by MIMO.
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3.3.6 AWGN Settings

Press Config... in AWGN/IMP A/B control and select AWGN...

Impairments —— |
1'Q Impairments {Digital Baseband)... |
= AWGN
AWGH...
1/Q Level —
Info...

Figure 25: Select AWGN menu

1MA177_4e Rohde & Schwarz LTE Terminal Tests under Fading Conditions with R&S®CMW500 and R&S®AMU200A 21



Measurement Setup

In the AWGN menu set the System Bandwidth (e.g. 10 MHz), the desired Signal/Noise
Ratio (e.g. 0.00 dB) and turn State ON.

F AWGH Settings A E]_"
s e
Mode |ndumue Noise |
System Bandwidth | 10.000 0 IMHz |
Minimum Hoise/System Bandwidth Ratio | 1.0
Moise Bandwidth 10.000 D MHz
Display Output Results For IDigitaI Output |

Moise Level Configuration And Output Results
Set Noise Level Via |er |
Bit Rate | 100.000 000 Ikhps |
SignalNoise Ratio | 0.00 IdB -

Figure 26: AWGN Parameters

Remote Commands:

SOURcel | 2 :AWGN:MODE ADD
SOURcel | 2:AWGN:BWID 20 MHz
SOURcel | 2:AWGN:BWID:RAT 1.0
SOURcel | 2:AWGN:DISP:ORES DIG
SOURcel | 2:AWGN: POWer :MODE SN
SOURcel | 2:AWGN:BRATE 100 kbps
SOURcel | 2:AWGN ON

A cosac 3309 w "E5 (.00 ars o] Lo -33.99 ars
Dy crestacio 3399 a8 PER[ .00 aers -] Lovel 3399 anrs

Baseband A
| .

Graphics BERT
config... | config..
I~ On

Baseband B
conto. |
" on
MSK

Figure 27: MIMO Fading + AWGN
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3.3.7 Insertion Loss Compensation

A faded signal has a higher Crest Factor as an unfaded one. In order to avoid
distortion the signal must be attenuated before entering the fading unit. The necessary
attenuation aka insertion loss depends on the fading standard and AWGN level.

It can be calculated by subtracting the input Crest Factor from

F Baseband Input Settings A =]
s T
Mode [Digital Input |
1/ Swap [~ On

Rate
Source IUser Defined j
Value | 100.000 000 000 [MHz |
Basel 1 Input Level
Measurement Period I 2 Is j
Auto Level Set |
Crest Factor | 20.00 [uB J
PEP | 0.00 |dBFS ~|
Level | -20.00 [¢BFS ~|

Figure 28: Baseband Input Crest Factor

the output Crest Factor (see Level Display Screen).

100w Crestfacie] 33.99 8 FE[ 0,00 eees -] over] -33.99 atrs
e Crestfasi] 33.99 8 FE[ 0.00]eees -] ovel] -33.99 aprs

Figure 29: AMU Level Display Screen

InsertionLoss = OutpCrestFactor — InpCrestFactor =33.99dB —20dB =13.99dB

The insertion loss in the baseband must be compensated on the CMW RF level either
by

1. using the RF1COM and RF30UT output attenuation. With 2.0 dB cable loss
Ext. Out Attenuation =2.0 dB + 13.99 dB = 15.99 dB

r ~RFE30UT
Directian QT
RAT(s) LTE

Ext.QUT Attenuation [dB] 15,99

rRF1COM r
Direction IN,0UT
RAT(s) LTE

Ext.IM Attenuation [dB] 2.0
Exk.OUT Attenuation [dE] 15,99

Figure 30: External Input and Output RF Attenuation
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Note:

The measurement examples in chapter 4 use this method of compensation
since it allows to store setups for different fading standards.

adding the insertion loss to the DL power (see chapter 3.2.1). Max. DI Cell
Power = nom. Value + insertion loss = -50 dBm + 13.99 dB = -36.01 dBm.

Power Allocation
DL [cBm]
_360 ()

Figure 31: Compensate Insertion Loss with DI Power
The fading profile and AWGN settings should not be changed during an active

LTE connection, since it affects the DL power which may lead to a call drop.
Always set the fading profile and AWGN before establishing the connection.

TMA177_4e
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4 LTE Performance Measurements

This section describes the necessary steps to perform an LTE BLER or throughput
measurement under condition of 2x2 MIMO fading with various standards. The
numbered steps below apply for both BLER and throughput measurements.

1. Configure the AMU first as shown in chapter 3. Memorize the Insertion Loss in the
Level Display field.

2. Configure the CMW as shown in chapter 3 and compensate the Insertion Loss as
shown in chapter 3.3.7.

3. Runthe TCTA4LTE test case on the CMW by clicking the green arrow or pressing
F5 in the Project Explorer.

= 4 I & B
Run kest projeck {F2)

Figure 32: Start Test Case

A message box tells you to switch the UE OFF.

—

(-H MMI Command Dialog

Request

Please switch off the LUE
= =

Confirm

Please enter MMI cammand response ar error string

Al ety |
< =

Resulk Flag

Figure 33: Switch UE OFF
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After pressing SEND a message box tells you to turn the UE ON.

H MMI Command Dialog .

Request

Please switch on the LIE
£ >

Confirm

Please enter MMI command response or error skring

et |
£ £

Result Flag

Figure 34: Switch UE ON

Press SEND when the UE control program natifies that an internet connection has
been established. A message box informs you that the UE is ready to receive data.

H MMI Command Dialog .

Request

‘erify Data Path with TP
£ >

Confirm

Please enter MMI command response or error skring

pTatytalataty
£ £

Result Flag

Figure 35: Data Path ready

4.1 DAU (Option CMW-B450A) iperf

The DAU application IPERF sends data packages with a defined data rate to the UE. It
is used for the following BLER and Throughput measurement.

e Press the MEASURE button on the CMW and check Data Appl. > Measurements
1.
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Figure 36: Select DAU menu

Press the DATA 1 MEAS software tab to enter the DAU Menu.

Select the iPerf menu tab

Press CONFIGURE SERVICES software key.

In the DATA APPLICATION CONTROL window select the IP CONFIG tab and use
following settings. Close the window.

Data Application Control
Overview IETER| TTRR| IDHER| (FERN| IDHERN| ERstari

IP Address: 172221201, not set
Subnet bask: not set

Gateway IP:  not set

IPvd Address Configuration IPv6 Address Configuration

o Automatic R&S ChMWSO0 Netwaork (standalone mode) t* Prefix config

[ Static IP config " Router Solicitation

" DHCPwA from LAM (LAN DALY 7 DHCPE from LAMN [LAN DALY

172221100
172221101
172221102

172221103 fcbh1:abab:cdod: efel: /B4
172221104 feh1:abab: cded: efel /G4
172221105 fch1:abab:cdod: efe2: /G4

Figure 37: IP Config menu

e In the DATA APPLICATION MEASUREMENTS 1 window press the CONFIG... software
key.

¢ In the IPERF CONFIG window select CLIENT #1, UDP and BIT RATE = e.g. 56 MBit/s
(must be < DL IP data rate, see 3.2.1). Press Ok to return to the DATA APPLICATION
MEASUREMENTS 1 window.

——— MBit’s

56.00 MBit's

1.00 MBit's ——— MBit's

TCP 32 1 1.00 MBit's ——— MBit's

Figure 38: IPerf Config window
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Press the Iperf software key and press the ON/OFF button. The yellow RUN status
message indicates that the data generator is running.

Iperf
RUN

Figure 39: Iperf is running

Remote Commands:

Configuration:

TEST DURATION — Time the test should last (in seconds).
CONFigure:DATA:MEAS]: IPERf:TDURation 1000

PORT NUMBER — Data Application Unit (LAN DAU) port number for the connection.
CONFigure:DATA:MEAS1:IPERf:CLIentl:PORT 5001

WINDOW SIzE — Size of the Negative Acknowledgement (NACK) window (in kByte).
CONFigure:DATA:MEAS1:IPERf:CLIentl:WSIZe 32

LISTEN PORT — UE's listen port number for the connection.
CONFigure:DATA:MEAS1:IPERf:CLIentl:LPORt

BITRATE — Maximum bit rate to be transferred (in kBit/s).
CONFigure:DATA:MEAS1:IPERf:CLIentl:BITRate 56M

PrRoTOCOL — Specifies the protocol used for data transfer for the client connection.
CONFigure:DATA:MEAS1:IPERf:CLIentl:PROTocol UDP

IPADDRESS — Specifies the IP address of an IPerf client.
CONFigure:DATA:MEAS1:IPERf:CLIentl:IPADdress 172.22.1.100

ENABLE — Activates an IPerf client instance.
CONFigure:DATA:MEASL:IPERf:CLIENT1:ENABLE ON

Start/Stop generating data:

INIT:DATA:MEAS1:IPERE
STOP:DATA:MEAS] :IPERE
ABORt :DATA:MEAS1:IPERE

1MA177_4e
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4.2 BLER

The BLER (Block Error Rate) can be determined by counting the ACK/NACKs
(ACKnowledged / Not ACKnowledged) returned by the UE. A BLER measurement can
be performed with the CMW-KT017 LTE PROTOCOL TESTING MONITOR (PTM) option.

1. Turn 2x2 MIMO Fading ON and select fading profile e.g. EPA 5Hz Low on the
AMU.

EPA 5Hz Medium
EPA SHz High
EVA 5Hz Low
EVA 5Hz Madium coma
EVIA SHz High
EVA 70Hz Low NADC
EVA 70Hz Medium PCN
TETRA
GPp
AN

EVA 70Hz High

ETU 70Hz Low

ETU 70Hz Medium

ETU 70Hz High

ETU 300Hz Low

ETU 300Hz Medium

ETU 300Hz High

HST 3 Tunnel Multi Antennas

- - - - - -
~N
Lel

LTE-MIMO

Figure 40: Select LTE-MIMO Fading Profile

W [ | sl 3307 @ vl 0.00[ers o] Lo 3307 e
o " CresEagior 33,01 a8 vee[ 0.00]aers -] Love] 23307 ks

AWGN/IMP A

Baseband A
corfi...
™ on
MSK

N
lﬂlﬁl'_

S —

D6G WG N
) |

[ZENF I d

Baseband B
config...
" on
MSK

Figure 41: 2x2 MIMO Fading
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2. The baseband insertion loss is BB Output Crest Factor — BB Input Crest Factor =
33.01 dB -20.00 dB = 13.01 dB

3. Set the insertion and cable losses in the System Configuration menu of the CMW
Project Explorer. DL cable loss =2 dB + 13.01 dB = 15.01 dB

r ~RF30UT

Directian QT
RAT(s) LTE

Ext.QUT Attenuation [dB] 15.01

rRF1COM r
Direction IN,0UT
RAT(s) LTE

Ext.IM Attenuation [dB] 2.0
Exk.OUT Attenuation [dE] 15.01

Figure 42: Cable and Insertion Loss

Establish an LTE connection and turn IPerf ON (56 Mbps).

Start the PTM on the CMW with Start > Programs - R&S MCT - Protocol
Testing Monitor.

6. In PTM select Window - LTE - BLER Chart

Protocol Tes{in,g Monitor 121 i,'nnlyt:'hr i.n'ternal use)
File Wiew Tools “Window  Help

ok

@ LTE b PHY Monitor
WCDMA ¥ MAC Manitar
D wiridow Explarer Ctrl4+5hift+E RLE Moritor
il et Throughput Chart
& | Properties Ctr4-alk+p il
w “ BLER Chiart
Qukput L

Close Windaw

Maximize wWindow

[:LTE Throughy_

? ConFigure...l

G,000
5,500 |-
5.000 Rieset Windows

Undock Window Alc+Shift+0r

Figure 43: Select BLER Chart

7. Perform BLER measurements with e.g. EPA 5Hz Low, Medium and High fader
correlations.
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LTE TH hput Chart ‘LTE BLER Chart g x
| configwe... || Hdestats |[ Resetstats L ® Reporting Interval: 45
100
. EPASHzZ High | _ % 2.8 s
o 89.7% e bt~
B0
70
E 60 - L}
5 s : at = =
2 EPA 5Hz Medium =%,
o 5 - e o — -—-
40 - 45.0% -.I-I ™ S
30 4
20
101 EPA 5Hz Low a
o 3.5% = == ng n iy R
25,000 30,000 35,000 40.000 45,000 50,000 55,000 80,000 85.000 70,000 75,000
RFN (UE 0)
[ = DLBLER stream 1 e DL BLER stream 2|
BLER Current Min [LEVS Average ShiowefHide
M DL BLER stréam | [9.85 8391 93,85 8965 ¥
W OL BLER stream 2 89.67 83.83 laz.82 9.7
Figure 44: BLER Measurement
Fig. 37 shows increasing BLER with increasing fader correlation. The green and red
points indicate measured BLER values for the two different data streams,
respectively.
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4.3 Throughput

The throughput can be determined by sending data blocks with the DAU (Data
Application Unit, option CMW-B450A) as shown in 4.1 and performing a measurement
with TCP monitoring program on the UE PC. This example shows the difference
between data rates with 2x2 MIMO fading with varying correlation. The cable loss is
assumed as 2 dB.

1.

2.

ok

Turn 2x2 MIMO Fading ON and select fading profile e.g. EPA 5Hz Low on the
AMU.

The baseband insertion loss is BB Output CF — BB Input CF = 33.01 dB -20 dB =
13.01 dB

Set the insertion and cable losses in the System Configuration menu of the CMW
Project Explorer. DL cable loss =2 dB + 13.01 dB = 15.01 dB

Establish an LTE connection and turn IPerf ON (56 Mbps).

Measure the DL throughput (IP data rate) on the UE controller PC for instance with
the freeware program TCP Monitor Plus. The Rcv AVE (Received Average) value
shows the average throughput over the capture time. Repeat this step with
differently correlated fading profiles (e.g. EPA 5Hz Medium and High).

send Speed: 0,000 Mbps — Recw Spead: 4,59 Hbps

Recvy MAX: 54.140 Mbps
EPA 5Hz Low

EPA 5Hz Medium
32 Mbps

EPA 5Hz High

Figure 45: Throughput with varying correlation

Figure 46 shows increasing throughput with decreasing correlation.

1MA177_4e Rohde & Schwarz LTE Terminal Tests under Fading Conditions with R&S®CMW500 and R&S®AMU200A 32


http://hp.vector.co.jp/authors/VA032928/

Advanced Solutions for RRM (Radio Resource Management) and Performance Testing

5 Advanced Solutions for RRM (Radio

Resource Management) and Performance
Testing

5.1 RRMLib (Option CMW-KP542)

The RRM library (RRMLib) is a CMW add-on software option for protocol testing.
RRMLib extends the MLAPI (Medium Level Application Programming Interface) of the
CMW by RRM related functionality. The product contains the Windows library and
related C++ source files containing the C++ interface classes. The RRMLIb is targeting
R&D purposes, benchmarking of user equipment and regression testing. In addition to
the RRMLib, Rohde & Schwarz provides several packages of RRM MLAPI sample
scenarios using the RRM API functions.

MLAPI Structural Overview

The RRM API framework extends the MLAPI framework by RF and RRM related
features. The framework libraries are part of the here described product package
CMW-KP542.The RRM sample scenario packages will use the RRM API to implement
RRM specific scenarios.

MLAF
Medium Level C++ Framewark
and Libraries
RRM MLAF
Extension
S

CMW-KF50x EMW—HPEAE

L—E Samp'lrﬂ RRM CA4+ AP Framewori
and Libraries

/\a

CMW-KFO0x
{RREM Scenano Packages)

— R

Figure 46: Required Software Options
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5.2 R&S® Contest-PQA Performance Quality Analysis

The CONTEST-PQA is a user-plane throughput testing solution based on CONTEST
software and CMW protocol tester hardware platform. CONTEST-PQA allows
configuration of various propagation path parameters and features throughput
measurements through all layers of the protocol stack. It is possible to switch the
technology with a single mouse click. As such you can run tests under identical
propagation conditions with various technologies and compare the results. The whole
test procedure is fully automatable. That means that the UE control and even the
generation of custom IP data can be fully automated in order to run unattended
regressions. Finally, for pre-compliance environments, CONTEST-PQA allows setting
up a test sequence (called “Test Plan”) which runs several measurements with
different settings in a sequence including a final comparison with pre-defined limits for
the expected throughput. This way the test will end with a simple PASS or a FAIL
verdict. The CONTEST-PQA allows configuration of various radio channel properties
(fading, noise) as well as cell properties including cell and channel powers. In addition
there are several configurations for generating custom data.
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7 Additional Information

Please send your comments and suggestions regarding this application note to

TM-Applications@rohde-schwarz.com
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Ordering Information

8 Ordering Information

CMW500 Wideband Radio Communication Tester
CMWS500 Protocol Tester Hardware configuration
CMW500 Base Unit 1201.0002K50
CMW-PS502 CMW500 Mainframe 02 1202.5408.02
CMW-S600B CMW500 FP with MMI H600B 1201.0102.03
CMW-S550B BB Flexible Link H550B 1202.4801.03
CMW-S590A RF Frontend (Basic) H590A 1202.5108.02
CMW-B590A RF Frontend (Basic) H590A 1202.8707.02
CMW-B620A DVI Interface 1202.5808.02
CMW.B660A Option Carrier H660A 1202.7000.02
CMW-B661A Ethernet Switch H661A 1202.7100.02
CMW-B690B OCXO (Highly Stable) H690B 1202.6004.02
CMW-B100A BB Generator H110A 1202.5508.02
CMW-B300A Signaling Unit Wideband H300A 1202.8759.02
CMW-B300A Signaling Unit Wideband H300A 1202.8759.02
CMW-B570B RF TRX H570A 1202.8659.03
CMW-B450A Data Application Unit 1202.8759.02
CMW-B510A Digital 1Q 1 to 4 H510A 1202.8007.02
Software LTE Protocol Tester
CMW-KP080 Protocol Tester Framework, 1203.2254.02
Network Emulation
CMW-KP505 LTE Stack Extension: FDD Mode | 1207.2459.02
CMW-KP510 LTE (R8) MIMO 2x2 API Ext. 1203.5853.02
CMW-KP500 LTE (R8) MLAPI Interface for
Network Emulation
CMW-KF500 LTE FDD and TDD LLAPI/MLAPI | 1203.7556.02
Example Scenarios
CMW-KT010 Project Explorer 1203.2302.02
CMW-KT011 Message Analyzer 1203.2354.02
CMW-KT012 Message Composer 1203.2402.02
CMW-KT017 LTE Protocol Testing Monitor 1203.5801.02
CMW-XT015 PC R&D Framework 1203.3309.03
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IP Test Extension

CMW-KA100 Enabling of IP-Data Interface for 1207.2607.02
IPV4

CMW-KA150 Extension of IP-Data Interface to 1207.2659.02
IPv6

CMW-KMO050 IP Based Measurements 1203.5901.02

Optional

CMW-Z03 Mini USIM LTE R8 1202.9503.02

CMW-KP550 LTE Stack Extension: TDD Mode | 1204.8756.02

CMW-KP511 LTE (R8) MIMO 4x2 API Ext. 1203.5901.02

Service Contracts

CMW-PU-010 Software Maintenance Contract 1202.9503.02
Protocol Test PQA and Tools

CMW-PU510 Software Maintenance Contract 1204.9400.82
Protocol Test LTE Stack

CMW-PU520 Software Maintenance Contract 1207.4651.82

Protocol Test LTE LLAPI and
MLAPI R&D Test Scenarios

AMU200A Baseband Signal Generator

AMU200A Base Unit 1402.4090K02
AMU-B13 Baseband Main Module 1402.5500.02
AMU-B13 Baseband Main Module 1402.5500.02
AMU-B17 Analog/Digital Baseband Inputs 1402.5900.02
AMU-B17 Analog/Digital Baseband Inputs 1402.5900.02
AMU-B14 Fading Simulator 1402.5600.02
AMU-B15 Fading Simulator extension 1402.5700.02
AMU-B18 Digital 1/Q Output 1402.6006.02
AMU-B18 Digital 1/Q Output 1402.6006.02
AMU-K62 Additional White Gaussian Noise | 1402.7202.02
AMU-K62 Additional White Gaussian Noise | 1402.7202.02
AMU-K74 MIMO Fading 1402.9857.02
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About Rohde & Schwarz

Rohde & Schwarz is an independent group
of companies specializing in electronics. It is
a leading supplier of solutions in the fields of
test and measurement, broadcasting,
radiomonitoring and radiolocation, as well as
secure communications. Established more
than 75 years ago, Rohde & Schwarz has a
global presence and a dedicated service
network in over 70 countries. Company
headquarters are in Munich, Germany.

Environmental commitment
e Energy-efficient products
e Continuous improvement in
environmental sustainability
e ISO 14001-certified environmental
management system

Certified Quality System

IS0 9001

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

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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