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Introduction

1 Introduction

The R&S®CMW500 wideband radio communication tester can be used throughout all
phases of UE device development. It supports different mobile standards, such as LTE
(FDD and TDD), W-CDMA (HSPA+, TD-SCDMA), GSM (including GPRS and EDGE),
cdma2000 and 1xEV-DO.

Testing under real propagation conditions is important for UE receiver sensitivity tests.
The measurement type depends on the mobile standard, e.g. a bit-error rate (BER) or
a block-error rate (BLER). The throughput can be calculated directly from the BLER.

The CMW offers internal fading for different standards as options:

- LTE (CMW-KE500)
- W-CDMA (CMW-KE400)
- AWGN (CMW-KE100)

Supported fading

Technology memal | g
ading | ith AMU
Predefined profiles acc. 3GPP.TS 36.101 Annex B 4| 4|
-TE Full user-defined fading settings 4|
Predefined profiles acc. 3GPP.TS 25.101 Annex B 4| 4|
36 Full user-defined fading settings 4|

The combination of the CMW500 wideband radio communication tester as base station
simulator and the AMU200 baseband signal generator and fading simulator offers full
user-defined channel simulation, including fading for SISO and MIMO scenarios, as
well as noise.

This application note shows the test setups for external fading, explains the settings
required for the various measurement configurations, such as Rx diversity and MIMO
for both LTE and W-CDMA. In addition, it specifies the most important remote
commands along the way.
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Introduction

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

e The R&S®CMWS500 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.
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Measurement Setup

2 Measurement Setup

2.1 Overview

Fading and AWGN characteristics are applied in the AMU. To do this, it is necessary to
feed the CMW'’s digital baseband signals through the AMU.

Here, a single or first signal is fed through DIG 1Q OUT 2 via Baseband A and DIG 1Q
IN/OUT 1. A second signal is sent accordingly through DIG 1Q OUT 4 via Baseband B
and DIG 1Q IN/OUT 3.

Fig. 2 shows the CMW digital baseband connection. A single signal (SISO tests or one
carrier) needs input and output A, while using two signals (MIMO or dual carrier)
requires input and output A and B.

From AMU To AMU
(digital baseband out) (digital baseband in)
B A A B

DIGIQIN/OUT 1

DIGIUIN our2 16 Ié éé;; “‘ T.

Fig. 1: CMW: Digital In / Out.

9

Detailed configuration information for the AMU and CMW can be found at the end of
this application note.

2.1.1 Fading Test Setup for One Baseband

The following figure shows the setup for SISO-based measurements.
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CEE0
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Fig. 2: Hardware configuration for LTE terminal test under SISO fading conditions.

The AMU fading simulator is connected to the CMW via the digital baseband input and
output A.

2.1.2 Fading Test Setup for Two Basebands

The following figure shows a setup with two baseband signals, which is required for
scenarios using two basebands, such as MIMO or dual carrier. Please note that there
are two possible configurations for the RF frontends available:

e Two FE basic (FE1 basic (CMW-S590A) + FE2 basic (CMW-B590A))

Or

e One FE1 advanced (CMW-S590D)

1MA194 0Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMU200A 6
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Fig. 3: Hardware configuration for LTE terminal test under MIMO fading conditions.

The AMU fading simulator is connected to the CMW via two digital baseband inputs
and outputs A and B.

2.2 AMU Configuration

Changing the input level or fading profile settings on the AMU affects the insertion loss,
and this must be compensated on the CMW as shown in 3.3.7 before a throughput
measurement or any other measurement is performed!

External reference

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

Ao crstFacior 30 00 & pee|  0.00]e8rs -]
[B Diatal Jracur | 5 CrestFactor| () ()0 ¢ pee| () 00 ceFs -]

— ]
1 =10 Reference Oscillator Settings Q El
= Setup -

System

%)

[ Reference Oscillator Settings

Reference Oscillator... Source IExternaI v
Internal Adjustments...

External Reference Frequen |1l] MHz vl
Hardware Config... quency

Fig. 4: External reference.
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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 baseband 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. 0.5 Vp = 1 Vpp [peak to peak]). The crest factor is the
ratio between the PEP and (RMS) LEVEL.

A
O dBFS - -mmmm e e e e e e _-PEP = 0dBFS
Crest Factor = 13 dB
-13 dBFS - Y RWMS Level =
13 dB

Fig. 5: PEP, RMS level and crest factor.

The LTE signal at the CMW digital baseband output depends on the mobile standard
and is shown in the SIGNALING application under 1Q Settings | Crest Factor. In the
example in Fig. 6, itis 15 dB.

. LTE Signaling Configuration
Path: RF Settings/RF Frequency/UL Channel/Frequency
----- Duplex Mode FDD
""" Scenario Standard Cell Fading Fading: External
----- Enable Data end to end &
B-1Q Settings
£-10 Out
. ~Connector DIG 10 OUT2 ~
----- Sample Rate 100 Msps
- Rasphand PEP 0.000 dBFs
[ """ Crest Factor 15.00 dB
2-1Q In
----- Connector DIGIQ IN1
----- Sample Rate 100 Msps
----- Baseband PEP 0.000 dBFS
""" Baseband Level -15.000 dBFS

Fig. 6: The Crest factor depends on the mobile standard, and the CMW indicates its value.

The crest factor 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 0 dBFS PEP, and the
crest factor must be set as determined above (15 dB in this example).
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Measurement Setup

‘Baseband Input Settings A S|E
= ———
Mode | Digital Input |
1/Q Swap [~ on
Sample Rate
Source |User Defined ~|
Value | 100.000 000 000 |MHz ~ |
Baseband Input Level
DIG 1Q Auto Setting [~ On
Measurement Period | 2|s |

Auto Level Set |

Crest Factor | 15.00(dB  ~|

PEP | 0.00 |dBFS ~ |

Level | -15.00 |dBFS ~ |
Signal Monitoring

No Overflow F)

Overflow Hold B Reset

Connected Device

ICMW 500 (104272) DIG 1Q OUT 2 SR: 100.00 MHz

Fig. 7: AMU Baseband Input Settings.

Remote commands:

SOURcel |2:BBIN:STATe ON // Turn Baseband A|B Inp. ON
SOURcel |2:BBIN:MODE DIGital // Select Digital Input Mode
SOURcel |2:BBIN:SRATe:SOURce USER // Select Digital Input Mode
SOURcel |2:BBIN:SRAT 100MHz // 100 MHz sample rate
SOURcel |2:BBIN:CFACtor 15.00 // Set 15 dB Crest Factor
SOURcel |2:BBIN:POWer:PEAK 0.00 // Set 0 dBFS PEP

Digital output

The digital I/Q output A (and B for MIMO) must be turned ON, and the PEP must be
set to the same value as at the input (0.00 dBFS). Set the output sample rate to
100 MHz.
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'_ Digital 1’0 Output Settings A =
s T
Rate
Source IUser Defined j
Value 100.000 000 000 [MHz ~ |
Signal Output
Set Level Via [peP |
PEP | 0.00 |dBFS ~|
Level | -30.00 [dBFS - |
Crest Factor (S) | 20.00 (0B ~|
Crest Factor ((S+N)/S}) | 30.00 |uB J

Fig. 8: 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

Display settings

In the 1/Q OUT SETTINGS menu, select LEVEL DISPLAY SETTINGS... to easily read the
output level and insertion loss.

170 Out Settings
W 11G Ot OM

>l 10 Swap

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

Fig. 9: 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

signal’s peak value plus noise to the signal’s RMS level without noise.

| Level Display Settings A E] _‘
Display 1'0 Output IDigitaI vl
Set Level Via PEP -

Auxiliary InformationICrest Factor {{S+N)/S) J

Fig. 10: Level Display Settings

Remote commands:

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

1MA194 Oe
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Fading settings

In principle, up to two baseband signals can be subjected to fading and AWGN in the
AMU. In addition, it is possible to select different MIMO configurations.

For the fading functionality, there are pre-defined scenarios in line with the
specifications of the various wireless standards (for example, LTE EVA 5 Hz). In such
cases, there is no need to configure any further settings. In addition, for tests that go
beyond these requirements, it is also possible to set all of the fading parameters
individually.

In the Fading block, configure the Fading Settings. You can either choose Standard
to conveniently select predefined scenarios or choose User to modify the individual
parameters by implementing custom settings.

Fading
. Fading Settings...
—— Signal Routing
VA—» A IB—»B
A —p» A{unfaded) || B —» B (max paths)
A —p» A(max paths) || B —» B (unfaded)
A—r A IB—w» A
A—»B IB—»B

A—w» AandB ||B—» AandB

A—» AandB ||B —» (open)

A—w» (open) ||B—» AandB
MIMO

1x2 MIMO + Addition Baseband B

2%2 MIMO

2x4 MIMO

4x2 MIMO

2x3 MIMO

3x2 MIMO

MIMO Subset
vSubset 1
Subset 2
Summation RatiocA/B
0.0 dB

Fig. 11: Block Fading: fading settings.

Remote command:

SOURcel |2:FSIMulator:STANdard xxx

1MA194 Oe
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7 Fading A

State

Set To Default | SaveRecall... | Istandard User v !l

General Settings
Configuration IStandard Delay j Speed Unit CDMA » e I
Common Speed For all Paths v On Keep Constant GSM 4 he I
. ; NADC b

Signal Dedicated To [Baseband Output ~| virtual RF A , 100000 [MHz ~ |
Restart Event [auto ~| TETRA > |

3GPP 4

Path Table... | Path Delay Wizard... I Coupled Parameters... WLAN »

0
%1 0 v
+20 LTE »
830 LTEMIMO > | peeiice
40 1XEVDO >
“50 WATTERSON
1 [ 1 1 1 1 I 1 1
00 01 02 03 04 05 06 07 08 04
Fig. 12: The selection of pre-defined fading profiles.
Fading A: Path Table Standard Fine Delay SE
1 1 2 2 3 3
1 2 1 2 1 2
State off off off off
Profile Rayleigh i Rayleigh Rayleigh Rayleigh Rayleigh | Rayleigh
Path Loss /dB 0.00| 10.00 0.00 0.00 0.00| 0.00
Basic Delay jus 0.00| 0.00 0.00 0.00 0.00| 0.00
Additional Delay jus 0.00000, 0.976 00 0.000 00 0.000 00 0.000 00| 0.000 00
¢ |Resulting Delay jis 0.000 00 0.976 00 0.000 00 0.000 00 0.00000 0.000 00
A | Power Ratio /dB |
% Const Phase Deg 0.0 0.0 0.0 0.0 0‘0: 0.0
Speed kmh 2.999 2.999 2.999 2.999 2.999 2.999
Freq. Ratio 0.00 0.00 0.00 0.00 0.00| 0.00
Res. Doppler Shift Hz 5.87 5.87 5.87 5.87 5.87 5.87
Correlation Path off off off off off | off
Coefficient % 100.0 100.0 100.0 100.0 100.0| 100.0
Phase Deg 0.00 0.00 0.00 0.00 0.00 0.00
S |Lognorm State off off off off off off
I() Local Constant /m 100.0| 100.0 100.0 100.0 100.0| 100.0
W/ Standard Dev. /dB 0 0 0 0 0 0
«| | »
Copy Path Group I 1 To 2 Copy I
- - =3 =1

Figure 13: AMU Path Table: Detailed settings for multiple paths.

If a second path is used, also configure the fading accordingly in Path B.

The AMU needs to know the CMW'’s 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.

1MA194 Oe
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Virtual RF 2.646 000 00 [MHz ~|

Fig. 14: Virtual RF

Remote command:

SOURcel |2:FSIMulator:FREQuency 2646MHz
Turn fading ON.

Remote command:

SOURcel |2:FSIMulator:STATe ON

MIMO Signals

With tests that use MIMO, it is also necessary to fade the cross components between
the antennas. For a 2x2 MIMO test, for example, it is necessary to simulate a total of
four paths.

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

Fading
Fading Settings...
Signal Routing
A—w A IB—w»B
Baseband A & —» Aqunfaded) [B—» B (max paths)
COnfig... | = A —w A{maz paths)||B —» B (unfaded) "
- on A—w A 1B —w &
MSK A—»B [I1B—wB
A—w» Aand B IB—m &and B
5 A—w» AandB || B —» {open)
Y A —» {Dpen) ||B—m AandB
MIMO
1x2 MIMO + Addition Baseband B
DIG 11 IN v 222 MIMO
AR 2x4 MIMO
1IN 4x2 MIMO
2x3 MIMO
m— Ix2 MIMO
MIMO Subset
Baseband B v Subset 1
config... | Subset 2
o — L Summation Ratio & /B— >
. 0.0 dB
| A )

Fig. 15: 2x2 MIMO scenario.

Remote command:

SOUR:FSIM:ROUT FA1A2BFB1A2BM24

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

1MA194 Oe
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o EPA 5Hz Medium
IStandard |EPA 5Hz EPA 5Hz High
Settings User EvVA 5Hz Low
Speed Unit | CDMA 3 EvA 5Hz Medium
Keep Constant | GSM 3 EVA 5Hz High
NADC 3 EVA 70Hz Low
VUEN | pen »  EVA 70HzMedium
Rest: TETRA 3 EvA 70Hz High
Coupled Parameters... | Insi J6PP ’ ETU 70Hz Low
WLAN 3 ETU 70Hz Medium
DAB 3 ETU 70Hz High
WIMAX 3 ETU 300Hz Low
WIMAX-MIMO  » ETU 300Hz Medium

LTE 3 ETU 300Hz High

LTE-MIMO 3 HST 3 Tunnel Multi Antennas

EPA 5Hz Low

Fig. 16: LTE-MIMO fading standards,

Remote command:

SOURcel |2:FSIMulator:STANdard LMEPASL

A e cestiosin] 33.01 @ per| 0.00]as -] vove] -33.07 eofs

B bt cestfasin] 33.01 @ pee] 0.00]wrs -] Love 33,07 s

Baseband A
CONfig...

[ On

DG 14G I

Baseband B
config...

[ On
MSK

Fig. 17: 2x2 MIMO fading scenario.

—— S
DI LGy QUT

Graphics BERT
config... config...
[ On [~ On
Graph A+B BERT
(T
BERT
—| 1z Ut
—— S
DG 194G QUT

Note: A setting change in one of the fading blocks (Fading AA, AB, BA or BB) also

always applies to all other blocks.

1MA194 Oe
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AWGN settings

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

Impairments —— |
1) Impairments {Digital Baseband)... |
= AWGN
BWGH.
10 Lewvel —
Info...

Fig. 18: Select the AWGN menu.

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

F AWGH Settings A ==
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 -

Fig. 19: The AWGN parameters.

Remote commands:

SOURcel | 2 : AWGN :MODE ADD
SOURcel | 2:AWGN:BWID 10 MHz
SOURcel |2 :AWGN:BWID:RAT 1.0
SOURcel |2:AWGN:DISP:0ORES DIG
SOURcel | 2 :AWGN: POWer :MODE SN
SOURcel | 2:AWGN:BRATE 100 kbps
SOURcel |2:AWGN:SNR 0.0 dB
SOURcel |2 :AWGN ON

1MA194 0Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMUZ200A 15
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0.00 [«ers -| rever| -33.99 aers
0.00 |eeFs ~| Level] -33.99 aers

A Crest Factor| 33 00 gp FER
B e Crest Factor| 33 00 gg RER

|
o
Baseband A

-

—| liGy QUT

config...
=
MSK v
DIG 1i@ OUT
b
Graphics BERT
DI 12 I config... | config...
anat [ On [~ On
1IN Graph A+B BERT
E— Y o,
DIG 1iG IN BERT
Baseband B

| aca
[ On
MSK

DI LGy QUT

Fig. 20: MIMO fading + AWGN.

Insertion Loss Compensation

A faded signal has a higher crest factor than an unfaded signal has. 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 on the AWGN
level.

The insertion loss in the baseband must be compensated in the CMW. This can be
done easily by setting the CMW IQ Input level to the calculated AMU 1Q Output level.

1MA194 Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMU200A 16
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Digital Crest F(?f;},? 2500 dB PEPI O_OOIdBFS j Levell .2500 dBFS

per[ 1.000]v | tever| 1.000 v EWF

Analog[ 1a out || 10 MHz
1/Q Out| OFF
Info]

Baseband A
config...
[~ on

- 4 DIGlig OUT

MSK
ana g |
fia i
Graphics BERT
DIG i@ IN config... config...
ANA BB Input B " on [~ On
) config... Graph A+B
DIG
QN Lo
Baseband B Fading B AWGN/IMP B 1/Q Out B
config... config... config... config... —]ua our
[~ On [~ On [~ on
MSK IMP Ana —]oiG lia out

Fig. 21: AMU settings for SISO fading. In the CMW, allowance must be made for the resulting crest

factor (without AWGN) in order to compensate the insertion loss.

Remote command:

SOURcel|2:IQ:0UTPut:DIGital:POWer:LEVel?

& LTE Signaﬁng Cbnﬁguraﬁon

Path: 1Q Settings/IQ In/Baseband Level
----- Duplex Mode FDD ~
----- Scenario Standard Cell Fading v | Fading: External v
----- Enable Data end to end v
B-1Q Settings
=-10 Out
I Connector DIGIQOUT2 ~
----- Sample Rate 100 Msps
----- Baseband PEP 0.000 dBFS
P Crest Factor 15.00dB
&-1Q In
~~~~~ Connector DIGIOIN1
----- Sample Rate 100 Msps
----- Baseband PEP 0.000 dBFS
~|Baseband Level ||-25.000 dBFS|

Fig. 22: Making allowance for the insertion loss from the AMU in the CMW. Here, the AMU signal’s

level (without AWGN) must be entered as the I1Q In level.

1MA194 Oe
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Note: The fading profile and AWGN settings should not be changed during an active
LTE connection, since doing that affects the DL power, which may lead to a
call drop. Always set the fading profile and AWGN before establishing the
connection.

1MA194 0Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMUZ200A 18



LTE Measurements

3 LTE Measurements

With the LTE standard, the UE receiver measurements include BLER, throughput and
channel quality index (CQI). All measurements are summarized in the Extended
BLER measurement application (see 3.1).

Before starting the LTE signaling, external fading must be selected as the scenario.
Once signaling has begun, or once a connection has been established with the DUT, it
is no longer possible to change scenarios.

Different antenna configurations (transmission modes) are possible with LTE. These
modes also require different ways of handling fading:

LTE Scenarios

LTE Scenario Purpose ™ CMW Configuration
SISO Standard 1 Standard cell fading
SIMO RX Diversity 1 Two RF Out Ports Fading
MISO TX Diversity 2 Two RF Out Ports Fading
MIMO Spatial Multiplexing 3/4 Two RF Out Ports Fading

Table 1: LTE scenarios in the CMW.

This section describes the necessary steps to perform an LTE Rx measurement under
several conditions, such as SISO or 2x2 MIMO fading.

For further information on LTE signaling and extended BLER measurements, refer to

[5].

3.1 UE Receiver Measurement in LTE: Extended BLER

The CMW sends data to the UE via PDSCH subframes and determines the block error
rate (BLER) from the positive ACKnowledgments (ACK) and negative
ACKnowledgments (NACK) returned by the UE. Additional throughput results are
calculated from the BLER results. The CQI indices reported by the UE are also
evaluated.

Fig. 23 through Fig. 26 show examples of the different measurements under fading
conditions.

1MA194 Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMU200A 19
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L ND

Throughput :
@ Overall
Max. Possible |
| Median CQl:
& Median CQI 1

]| o ¢ ! d ; : ¢ X ; { ; ’ '
i i M i i i | i i i i ‘Subframes
-95000 -85000 -75000 -65000 -15000 -5000

CQl Reporting
“@x  off v

e e

70000
50000,
30000

10000 ===k =n=-=spe=n- , S RN (R N ) SR N R TR TR CQl Index

M77 % Throughput Avg
) ; Connection Established
@ P B re state: Connected

)

*0x

off y:
Mbit/s
T.hmughpm:
10|] @ Overal
Max. Possible
Median CQI :
e _ ]
I' i i W i ' i i i ! i i | [ fSuhframes
-95000 -85000 -75000 -65000 -55000 -45000 -35000 -25000 -15000 -5000

ACK
NACK 4173 % Display
DTX 0.05 %
BLER 4177 %
Throughput Relativ
‘‘‘‘ Average 58.23 %

‘‘‘‘ Minimum

Connected

J

Fig. 24: LTE Extended BLER: Throughput
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- Cell Setup , Extended

Over All Relative Absolute | |Operating Band  Band 4 FDD.
ACK 58.23 % 52403 — :
NACK N3 % 37554 Uosiinic SLinic
DT 0.05 % 43 2175 Ch 20175 Ch
BLER Ny — .
S EL —_ 2132.5 MHz | 17325 MHz
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Fig. 25: LTE Extended BLER: BLER
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Fig. 26: LTE Extended BLER: CQI Reporting

Remote Command:

CONFigure:LTE:SIGN<i>:EBLer:SFRames 10000 // set 10000 frames
INITiate:LTE:SIGN<i>:EBLer // start measurement
FETCh:LTE:SIGN<i>:EBLer:ABSolute? // get results (abs.)
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3.2 SISO Configuration

This configuration uses only one data stream via one antenna. For this, it is only
necessary to fade one path, and that can be done with one of the AMU channels.

CMW

IQ-Mod | [ RF | | RF1COM
1 1

Dig IQ 2 Dig 1Q 1

DigIn A Dig Out A

AMU

Fig. 27: Block diagram for the SISO test setup.

1. Inthe LTE Signaling Configuration, select the Standard Cell Fading Scenario
(seeFig 28). Set the Fading to External.
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—':?i;' LTE Signaling Configuration
Path: RF Settings/RF Frequency/UL Channel/Frequency
~~~~ Duplex Mode FDD
"""" Scenario Standard Cell Fading Fading: External
""" Enable Data end to end &
B-1Q Settings
£-1 Out
. ~Connector DIG1Q OUT 2 ~
----- Sample Rate 100 Msps
- Rasehand PEP 0.000 dBFS
[ """ Crest Factor 15.00dB
©-1Q In
----- Connector DIGIQ IN1
----- Sample Rate 100 Msps
~~~~~ Baseband PEP 0.000 dBFS
~~~~~ Baseband Level -15.000 dBFS

Fig. 28: LTE scenario for SISO: Standard Cell Fading. The CMW indicates the crest factor, which is
entered in the AMU’s Dig 1Q Input.

Remote command:

// Standard Cell Fading external via RF2COM and IQ2 Out
ROUTe:LTE:SIGN:SCENario:SCFading RF2C,RX1,RF2C,TX1, I020

// read out information of IQ settings
SENSe:LTE:SIGN<i>:IQOut:PATH<Nn>?

2. Take note of the Crest Factor under IQ Out and enter this value in the AMU under
Baseband Input Level (see Fig. 7 in section 2.2).

3. Set a fading and switch on 1/Q Out A (see section 2.2).

4. Inthe CMW, enter the corresponding crest value, which is indicated by AMU (see

Fig. 29 and Fig. 30).

Use CONNECT to establish an LTE connection between the CMW and DUT.

6. If you modify the fading, remember to change the crest factor accordingly in the
CMW.

o
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Fig. 29: AMU settings for SISO fading. Allowance must be made in the CMW for the resulting crest
factor in order to compensate for the insertion loss.

. LTE Signaling Configuration

Path: 1Q Settings/IQ In/Baseband Level
~~~~~ Duplex Mode FDD ~
""" Scenario Standard Cell Fading v Fading: External v
----- Enable Data end to end v
B-1Q Settings
|;§|--~IQ Out
I Connector DIGIQOUT2 ~
----- Sample Rate 100 Msps
----- Baseband PEP 0.000 dBFS
{ Crest Factor 15.00dB
&-1Q In
~~~~~ Connector DIGIQIN1
~~~~~ Sample Rate 100 Msps
----- Baseband PEP 0.000 dBFS
~{Baseband Level |[-25.000 dBFS|

Fig. 30: Making allowance for the insertion loss from the AMU in the CMW. Here, the level of the AMU
signal is entered as the 1Q In level.

Remote command:

// set IQ In to PEP 0 dBFS and Level -25 dBFS
CONFigure:LTE:SIGN<i>:IQIN:PATH<n> 0.0, -25.0
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7. Start the RX measurement using Extended BLER (see section 3.1). Fig. 31 shows

an example of an SISO measurement in the overview.

@ tiiﬁgmimg 1 BLE

hroughput
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L ND
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I |
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70000
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Connection Established
5 RRC State: Connected
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Select Trace
(Throughput)

Select
View ...
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Fig. 31: LTE RX measurement for SISO.

3.3 Rx Diversity (1x2 SIMO) Configuration

For Rx diversity, a signal sent from one antenna is received at the UE with two
antennas. Consequently, it arrives via two different receive paths. No additional coding
is employed on the transmitter end. Therefore, in order to perform the measurement
under fading conditions, it is necessary to simulate two receiving paths.
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LT Signaling Configuration

Path: Connection/Transmission Scheme

UL WIEdS. FHET CUBHICIENL res v =
----- Connection Type Testmode v
H-Testmode
--RLC Mode Unacknowledged
""" SIB Reconfiguration SIB Paging ¥
""" Keep RRC Connection v
--Downlink MAC Padding v
----- Downlink MAC Error Insertion 0%
--Send DNS PCO v
-1Transmission Scheme " SIMO v l
E-Transmission Scheme Setting el Transmission Mode  DCI Format
eNodeB Antennas
One Mode 1 1A
virt. eNodeB Inearont ] [ UE
Antenna
Stream 1 ?
Wp 1 Ap[RF Output 1Lbﬂ\lﬂelllla 1]
- Graphic
RF Output 2 J—pkAntenna 2]
) L
----- Scheduling Type RMC v
E-RMC
)| =

Fig. 32: CMW SIMO setup (Rx Diversity).

Remote commands:

// set Two RF Output Ports external Fading

ROUTe:LTE:SIGN:SCENario:TROFading
RF1C,RX1,RF1C,TX1,IQ20,RF2C, TX2,IQ40N

// set transmission scheme to SIMO
CONFigure:LTE:SIGN<i>:CONNection:TSCHeme SIMO
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CMW

RF1COM

RF2COM

Dig Out A

AMU

Fig. 33: Block diagram for the SIMO test setup. The two receive paths are simulated using the same
stream.

1. Inthe LTE Signaling Configuration, select the Two RF Out Ports Fading
Scenario (see Fig. 34). Set Fading to External.

~-Duplex Mode FoD| |
----- Scenario “Two RF Out Ports Fading \:H Fading: External
---- Enable Data end to end =
E-1Q Settings
-1Q Out Path 1 Path 2
. ~Connector DIGIQOUT2 ~ DIGIQ OUT4 ~
--Sample Rate 100 Msps 100 Msps
----- Baseband PEP 0.000 dBFS 0.000 dBFS
. |Crest Factor 15.00 dB 15.00dB |
&-101n Path 1 Path 2
----- Connector DiGlamNT [ DIGIAINS |
----- Sample Rate 100 Msps 100 Msps
""" Baseband PEP 0.000 dBFS 0.000 dBFS
~|Basehand Level | -15.000 dBFS

Fig. 34: LTE Scenario for two RF out ports: Two RF Out Ports Fading. The CMW indicates the crest
factors, which are entered in the AMU’s Dig IQ input.
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Remote command:

// read out information of IQ settings
SENSe:LTE:SIGN<i>:IQOut:PATH<n>?

2. Take note of both Crest Factors shown under IQ Out and enter the valuec in the
AMU under Baseband Input Level A and B (see Fig. 7 in section 2.2).

3. Set a fading for both paths, and switch on 1/Q Out A and B (see Fig. 35).

4. Inthe CMW, enter both of the crest factors indicated by the AMU (see Fig. 35 and

Fig. 36).

Use CONNECT to establish an LTE connection between the CMW and the DUT.

6. If you modify the fading and/or AWGN, remember to adapt the CMW settings to
reflect the changes in the crest factor.

o

po [ | Cesfeaod 9500 & pe[ (), 00fceFs - tevel[ 225,00 ceFs
e crestFactorl 96 () 6B pee| () 0|cers -] ever| 25,00 c8fs

| Info |
Baseband A AWGN/IMP A
config... l config... | m —] i@ out
[~ On [~ On Iv|
MSK AVWGN ¢ —— ST
DIG 1/Q OUT
e “
Graphics BERT
m_ o config... | config...
ANAL = [~ On [~ on
T —| vV ey
DIG 1iQ IN BERT
Baseband B AWGN/IMP B 'Q Ou
config... l config... I m —] i out
[~ on [~ on )
MSK AVWGN —— S
DIG 1/Q OUT

Fig. 35: AMU settings for fading two paths (SIMO and MISO). The resulting crest factors must be
reflected in the CMW in order to compensate for the insertion loss.
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EIIQ Settings

|:§]---|Q Out Path 1 Path 2

- Connector DIGIQOUT2 v DIGIQOUT4 ~
--Sample Rate 100 Msps ' 100 Msps
----- Basebhand PEP 0.000 dBFS 0.000 dBFS

i Crest Factor 15.00dB 15.00dB

=-10 In Path 1 Path 2
-~ Connector DIGIQIN 1 DIGIQIN3
--Sample Rate 100 Msps 100 Msps
--Baseband PEP 0.000 dBFS 0.000 dBFS

-{Baseband Level

| -25.000 dBFS

[-25.000 dBFS||

Fig. 36: Making allowance in the CMW for the insertion loss from the AMU. Here, the level of the AMU

signal is entered as the 1Q In level.

Remote command:

// set IQ In to PEP 0 dBFS and Level -25 dBFS
CONFigure:LTE:SIGN<i>:IQIN:PATH<n> 0.0, -25.0

7. Use Extended BLER to start the RX measurement (see section 3.1). Fig. 37

| |Extended
BLER
Lo | | (RDYS

shows an example of an SIMO measurement in the overview.
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Fig. 37: LTE RX measurement for Rx Diversity (SIMO).
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3.4 Tx Diversity (2x1 MISO) Configuration

To conduct the Tx diversity measurement, one signal is transmitted via two antennas
using different coding in order to achieve greater robustness. Here, too, there are two
different receive paths. Consequently, to take this measurement under fading
conditions, it is necessary to simulate two different receive paths.

“BOUTE Signaling Configur ation
Path: Connection/Transmission Scheme
UL Mieds. rinel Cueiicient res v o
----- Connection Type Testmode v
#-Testmode
""" RLC Mode Unacknowledged
""" SIB Reconfiguration SIB Paging v
--Keep RRC Connection v
""" Downlink MAC Padding v
----- Downlink MAC Error Insertion 0%
--Send DNS PCO v
-1Transmission Scheme ” Transmit Diversity v |
E-Transmission Scheme Setting Ny i wirual Transmission Mode DCI Format
eNodeB Antennas
----- Two Mode 3 1A
virt. eNodeB Instrument ] [ UE
Antenna

Stream 1 1 _p(RF Output 1L>(Alﬂelllla 1]

(Codevvord)|
2 —.[RF Output 2 J—pLAmenna 2]
) &

---- Graphic

B~ Static Channel Model
i~-Enable r
“(hy his) lh11=+/ 1.0 ©h11=0° |h12=+/ 0.0 Ph12=0° v

Fig. 38: CMW MISO setup.

Remote commands:

// set Two RF Output Ports external Fading
ROUTe:LTE:SIGN:SCENario:TROFading
RF1C,RX1,RF1C, TX1,IQ20,RF2C, TX2, IQ40N

// set transmission scheme to Transmit Diversity
CONFigure:LTE:SIGN<i>:CONNection:TSCHeme TXDiversity
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CMW

RF1COM

RF2COM

Dig IQ 4 Dig 1Q 2 DiglQ1| | DiglQ3

DigIn B Dig In A Dig Out A Dig Out B

AMU

Fig. 39: Block diagram for the MISO test setup. Using different coding, one stream is transmitted via
two antennas. Consequently, it is necessary to simulate two receive paths.

1. Inthe LTE Signaling Configuration, select the Two RF Out Ports Fading
Scenario (see Fig. 40). Set Fading to External.

. LTE Signaling Configuration

Path:] :
--Duplex Mode FOD| |
---- Scenario “Two RF Out Ports Fading —] Fading: érExtemal _‘J
---- Enable Data end to end = - =
2-1Q Settings
£-1Q Out Path 1 Path 2
. ~Connector DIGIQOUT2 ~ DIGIQ OUT4 ~
--Sample Rate 100 Msps o 100 Msps o
----- Baseband PEP 0.000 dBFS 0.000 dBFS
Bl Crest Factor 15.00 dB 15.00 dB |
E-1Q In Path 1 Path 2
----- Connector iEI(ABIQAINLj QI(:)IQAINL]
----- Sample Rate 100 Msps 100 Msps ‘
""" Baseband PEP 0.000 dBFS 0.000 dBFS
~{Baseband Level | -15.000 dBFS

Fig. 40: LTE scenario for two RF out ports: Two RF Out Ports Fading. The CMW indicates the crest
factors, which are entered into the AMU Dig IQ input.
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Remote command:

// read out information of IQ settings
SENSe:LTE:SIGN<i>:IQOut:PATH<n>?

2. Take note of the Crest Factors under IQ Out and enter the values in the AMU
under Baseband Input Level A and B (see Fig. 7 in section 2.2).

3. Set a fading for both paths, and switch I/Q Out A and B on (see Fig. 41).

4. Inthe CMW, enter both of the crest factors indicated by the AMU (see Fig. 41 and

Fig. 42).

Use CONNECT to establish an LTE connection between the CMW and DUT.

6. If you modify the fading and or AWGN, remember to change the crest factor
accordingly in the CMW.

o

oo [ | Cresfeaod 9500 & pee[ (), 006 -] tevel[ 225,00 ceFs
e crestactorl 96 () 6B pee| () 00cers -] ever| 25,00 cefs

| Info |
Baseband A AWGN/IMP A
config... l config... I m —] i out
[~ on [~ on
MSK AVWGN —— ST
DIG 1i@ OUT
e “
Craihies BERT
m— I config... config...
ANa L = [~ On [~ on
T—| vV Sy
DIG 1@ IN BERT
Baseband B AWGN/IMP B
config... l config... —] i out
[~ on [~ on
MSK AVWGN —— S
DIG i@ OUT

Fig. 41: AMU settings for fading two paths (SIMO and MISO). In the CMW, allowance must be made
for the resulting crest factors in order to compensate the insertion loss.
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-1 Out

él---IQ In

Settings

""" Connector

----- Sample Rate
----- Baseband PEP
----- Crest Factor

~~~~~ Connector

--Sample Rate
----- Baseband PEP

Path 1
DIGIQOUT2 ~

100 Msps
0.000 dBFS
15.00 dB
Path 1

DIGIGIN1

100 Msps
0.000 dBFS

---'iBaseband Level

| -25.000 dBFS

Path 2
DIGIQ OUT 4 ~
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0.000 dBFS
15.00 dB
Path 2
DIGIQIN3
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-25.000 dBFS

Fig. 42: Compensating for the insertion loss from the AMU in the CMW. Here, the level of the AMU
signal is entered as the 1Q IN level.

Remote command:

// set IQ In to PEP 0 dBFS and Level -25 dBFS

CONFigure:LTE:SIGN<i>:IQIN:PATH<n> 0.0,

-25.0

7. Use Extended BLER to start the RX measurement (see section 3.1). Fig. 43
shows an example of an MISO measurement in the overview.
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Fig. 43: LTE RX measurement for Tx diversity (MISO).
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3.5 Spatial Multiplexing (2x2 MIMO) Configuration

With spatial multiplexing, two different streams are transmitted via two antennas in
order to boost the data throughput rate. For the simulation, it is also necessary to take
the cross components into account; consequently, it is necessary to simulate a total of

four receive paths.

e Signaling Configuration
Path: Connection/Testmode
&-{Testmode | -
-~RLC Mode Unacknowledged
--SIB Reconfiguration SIB Paging v
----- Keep RRC Connection v
-~ Downlink MAC Padding v
""" Downlink MAC Error Insertion 0%
--Send DNS PCO v
-~ Transmission Scheme CL Spatial Multiplexing ~
El-Transmission Scheme Setting :;o':ife‘grz’:tlennas Transmission Mode DCI Format
Two Mode 4 2
virt. eNodeB Instrument 1 ( UE
Antenna
Stream1 . 4 —p[RF Output 1L>G\|nelrlna 1]
-~ Graphic (Codewvords)
g’-g‘]"-—lz—-b 2 —n)[RF Output 2 J—DLAmenna 2]
) C
- Precoding Matrix PMI1 ~
Bl-Static Channel Model
+~Enable I
(hi: hi2) lh11l=v 1.0 ©h11=0° |h12|=+/ 0.0 Phi2=0"°
“\hoy ho/ [h21}=+/ 0.0 {©h21= 0 ° |h22}=+/ 1.0 Ph22=0° 2

Fig. 44: CMW MIMO setup.

Remote commands:

// set Two RF Output Ports external Fading

ROUTe:LTE:SIGN:SCENario:TROFading
RF1C,RX1,RF1C, TX1,IQ20,RF2C,TX2, IQ40N

// set transmission scheme to Multiplexing Open or Closed Loop
CONFigure:LTE:SIGN<i>:CONNection:TSCHeme
OLSMultiplex|CLSMultiplex

// set the Precoding Matrix to PMI1
CONFigure:LTE:SIGN<i>:CONNection:PMATrix PMI1
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CMW

RF1COM

RF2COM

Dig IQ 4 Dig 1Q 2 DiglQ1| | DiglQ3

DigIn B Dig In A Dig Out A Dig Out B

AMU

Fig. 45: Block diagram for the MIMO test setup. Two streams are transmitted via two antennas.
Consequently, in order to also take the cross components into account, it is necessary to simulate
four receive paths.

1. Inthe LTE Signaling Configuration, select the Two RF Out Ports Fading
Scenario (see Fig. 46). Set Fading to External.

~-Duplex Mode FoD ]
----- Scenario ‘Two RF Out Ports Fading| | Fading: External| |
---- Enable Data end to end =
E-1Q Settings
2-1Q Out Path 1 Path 2
. ~Connector DIGIQOUT2 ~ DIGIQ OUT4 ~
--Sample Rate 100 Msps 100 Msps
----- Baseband PEP 0.000 dBFS 0.000 dBFS
. |Crest Factor 15.00 dB 15.00dB |
&-101n Path 1 Path 2
----- Connector piGlamNT || DiGIaIN3 ||
----- Sample Rate 100 Msps 100 Msps
""" Baseband PEP 0.000 dBFS 0.000 dBFS
~|Basehand Level | -15.000 dBFS

Fig. 46: LTE Scenario for two RF Out Ports: Two RF Out Ports Fading. The CMW indicates the crest
factors that are entered in the AMU Dig IQ Input.
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Remote command:

// read out information of IQ settings
SENSe:LTE:SIGN<i>:IQOut:PATH<n>?

2. Take note of the Crest Factors under IQ Out, and enter the values in the AMU
under Baseband Input Level A and B (see Fig. 7 in section 2.2).

3. Setthe AMU to 2x2 MIMO, and switch I/Q Out A and B on (see Fig. 44).

4. Select an appropriate fading setting. The setting for Block AA is then automatically
used for the other paths, too.

5. Inthe CMW, enter both crest factors indicated by the AMU (see Fig. 47 and Fig.
48).

6. Establish an LTE connection between the CMW and the DUT via CONNECT.

7. If you modify the fading and/or AWGN, remember to change the crest factor
accordingly in the CMW.

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

¢ Low = No correlation between path A and B faders. This results in the 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.

150w Crestasiy 28.01 e pee| 0,00 fsses | Lover| -28.07 crs

13 0ut Crestaciy 28.01 e pee| .00 s | Lover| -28.07 cFs
! Info

Baseband A AWGN/IMP A
config... | config... |
[~ on [~ On
MSK AWGN
ANS BB Input A
QN = |
Graphics
—_— config...
N I~ On
Graph A+B
Baseband B AWGN/IMP B
config... | config... |
I~ on [~ on
MSK AVWGN ———
DIG I/ OUT

Fig. 47: AMU settings for fading four paths (2x2 MIMO). In order to compensate the insertion loss, it
is necessary to make allowance of the resulting crest factors in the CMW.
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& LTE Signaling Configuration

Path: 1@ Settings/IQ In/Baseband Level

--Duplex Mode FDD v
----- Scenario Two RF Out Ports Fading v Fading: External v
----- Enable Data end to end v
B-1Q Settings
E-10Q Out Path 1 Path 2
i -Connector DIGIQOUT2 v DIGIQOUT4 ~
--Sample Rate 100 Msps 100 Msps
--Baseband PEP 0.000 dBFS 0.000 dBFS
i Crest Factor 15.00 dB 15.00 dB
&-1Q In Path 1 Path 2
-~ Connector DIGIQIN1 DIGIQIN3
--Sample Rate 100 Msps 100 Msps
-Rasehand PEP 0.000 dRES .000 dBES
~{Baseband Level | -28.010 aBFS
El-RF Seftings
&-RF Output (TX)
&-RF Input (RX)
--~RF Frequency
&-RF Power Uplink
E-Downlink Power Levels
i-RS EPRE —-80.0 dBm/15kHz Full Cell BW Power: 52.2 dBm
PSS Power Offset 0.0 dB =

Fig. 48: Compensating the insertion loss from the AMU in the CMW. Here, the level of the AMU signal
is entered as the 1Q In level.

Remote command:

// set IQ In to PEP 0 dBFS and Level -28.01 dBFS
CONFigure:LTE:SIGN<i>:IQIN:PATH<n> 0.0, -28.01

8. Use Extended BLER to start the RX measurement (see section 3.1). Fig. 49
shows an example of an MISO measurement in the overview.
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Fig. 49: LTE RX measurement for 2x2 MIMO. The measurements are adapted automatically for both
streams individually as well as in the form of an overall assessment.
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4 W-CDMA (HSPA+) Measurements

With the W-CDMA standard, UE receiver measurements include different types of
measurements depending on the release:

W-CDMA Rx measurements

Release Name Measurement

99 RMC BER

5 HSDPA HSDPA ACK (BLER)
6 HSUPA E-HICH

7 HSPA+ HSDPA ACK (BLER)

All measurements are summarized in the WCDMA RX Meas test and measurement
applications (see 3.1).

Before the start of the W-CDMA signaling, external fading must be selected as the
scenario. Once signaling has begun, or once a connection has been established with
the DUT, it is no longer possible to change scenarios.

Different antenna configurations are possible with W-CDMA. They also require

different ways of handling fading:

W-CDMA scenarios

W-CDMA Purpose Release CMW configuration
scenario

SISO Standard 99/5/6/7 Standard cell fading

Dual Carrier DC-HSPA+ 5/7 Two RF Out Ports Fading
DC - SIMO DC-HSPA+ with RX Diversity | 5/7 Two RF Out Ports Fading

Table 2: W-CDMA scenarios in the CMW.

This section describes the steps required to perform a W-CDMA Rx measurement
under several different conditions, such as SISO or DC-HSPA+ fading.

For more information on W-CDMA signaling or on W-CDMA Rx measurements, refer
to [6].

For W-CDMA, the CMW offers “wizards” . They make it very easy to configure the
parameters for specific test cases. To do this, the CMW reads the UE report and sets
the corresponding parameters — e.g. for maximum throughput (see Fig. 50).
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Fig. 50: The Fehler! Ungultiger Eigenverweis auf Textmarke..

4.1 UE Receiver Measurement in W-CDMA: Rx Meas

The CMW sends data to the UE either via RMC or HSPA subframes and determines
the block error rate (BLER) from the positive ACKnowledgments (ACK) and negative
ACKnowledgments (NACK) returned by the UE. Additional throughput results are
calculated from the BLER results. The CQI indices reported by the UE are also
evaluated.

Fig. 51 through Fig. 53 show examples of the different measurements under fading
conditions.
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BER

Connection Status Cell Setup E

ol Band Band 1 M Se—

- : Downlink Uplink ’ i

Circuit Switched ﬁ’ Call Established e 30563 i SeTn

Packet Switched 5 Attached Freguency 2112.6 MHz 19226 MHz

CiW Demod. Info | INISIRIEAINSY [sis] Output Power -80.00 dBm . ‘

DLUL Alignment 1019.63 Chip Total Output 80.00 dBm
Scrambling Code 0 hex 0 hex | |
P-CPICH b -11.0 dB Code 0 '
PS Domain ¥ Reduced Signaling ] —_———

Results Connection Setup

BER a 0311 % UE term. Connect Test Mode .

BLER 0000 % P° RMC —
= o RMC

PeLER Data Rate DL 122kbps UL 122 kips

Lost Transp.Blacks 0| Test Mods! [EGGR ModaARLE e—

UL TFCI Faults NCAP Parameter |

FOR NCAP

PN Discontinuity 1 ;gn?griﬁ;UE
Transport Blocks ] TITTTITTITS 7,1[]]‘1’5’1‘]]01 [ ON }
C

Handover ... |Config ...

Fig. 51: W-CDMA BER Measurement on DCH (RMC) Rel 99. The UE loops back the data stream sent
from the CMW. The CMW determines the bit error rate (BER) and from that also determines the block
error rates.

Remote command:

CONFigure:WCDMa:SIGN<i>:BER:TBLocks 10000 // set 10000 blocks
INITiate:WCDMa:SIGN<i>:BER // start measurement
FETCh:WCDMa : SIGN<i>:BER? // get results
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HSDPA ACK

cal No Throughput Curr.
@ Overall
Carrier 1
20 9
@ Carrier 2

20 Max. Possible
' | ' 10

« Carrier 1
Subframes @ Carrier 2

-500

-9500 -8500 -7500 -6500 -5500 -4500 -3500 -2500 -1500

Overall Throughput: 42.036 Mbit's

Max. possible Throughput 42.192 Mbit's (based on settings)

Carrier 1 Carrier 2
Throughput Curr. Max. Min. Sch'ed. Curr. Max. Min. Sch'ed.
Measured [Mbit/s] 20974  21.096 20.885  21.096 21.062 21.096 21.012 21.09 [

Rel. to max. possible [%] 99.419  100.000 99.000 100.000 99.839 100.000 99.600 100.000
Transmissions [%] Sent ACK NACK DTX Sent ACK NACK DTX
1 99.400  99.396 0.604 0.000 99.947 99.947  0.053  0.000 ¢

2 0.600 100.000 0.000 0.000 0.053 100.000  0.000  0.000
3 0.000 0.000
4 0.000 0.000

Carrier 1: DL BLER 0.600 % Median CQl 30 Measured Subframes 15000
Carrier 2: DL BLER 0.053 % Median CQlI 30

@ DC-HSDPA+

cs: ﬁ'JG Call Established

Fig. 52: W-CDMA HSDPA ACK Measurement on HSPA channels in line with Rel 5 and 7. For each
data block, the UE sends an ACK or NACK back to the CMW. The CMW counts the ACK/NACKs and
calculates the block error rate (BLER) and, from that, the throughput.

Remote command:

CONFigure:WCDMa:SIGN<i>:HACK:MSFRames 10000 //set 10000
subframes
INITiate:WCDMa:SIGN<i>:HACK // start measurement
FETCh:WCDMa : SIGN<i>:HACK:TRACe: THRoughput : TOTal : CURRent?
// get results
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False

Correct

All Valid

False Ratio [%]
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Fig. 53: W-CDMA HSUPA E-HICH measurement on HSPA channels in line with Rel 6. On the uplink
channels, the CMW measures the UE’s reaction to the information in the downlink channels.

Remote command:

CONFigure:WCDMa:SIGN<i>:EHICh:MFRames 10000 //set 10000

INITiate:WCDMa:SIGN<i>:EHICh
FETCh:WCDMa : SIGN<i>:EHICh?

4.2 SISO Configuration

subframes
// start measurement
// get results

In this configuration, only one data stream is used via one antenna. For this, it is only
necessary to fade one path. That can be done with one channel of the AMU or with the

SMU.
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Dig 1Q 2

DigIn A

AMU

CMW

1Q-Mod
1

Dig 1Q 1

Dig Out A

AWGN

A

Fig. 54: Block diagram for the SISO test setup.

RF RF1COM
1

1. Inthe WCDMA Signaling Configuration, select the Standard Cell Fading
Scenario (see Fig. 55). Set Fading to External.

~1Scenario

‘Standard Cell Fading ~

Fading: \ External ‘:j

--Enable Data end to end
B-1Q Settings '
10 Out
L Connector
i-Sample Rate
--Basehand PEP
oy Crest Factor
2-10 In

-~ Connector
--Sample Rate

""" Baseband PEP
-Baseband Level

v

DIGIQOUT2 v
100 Msps

0.00 dBFS

16.77 dB

DIGIOINT |
100 Msps

0.00 dBFS
-16.77 dBFS

Fig. 55: WCDMA scenario for SISO: Standard Cell Fading. The CMW indicates the crest factor that is

| entered in the AMU Dig IQ Input.

1MA194 Oe

Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMU200A 44



W-CDMA (HSPA+) Measurements

Remote command:

// Standard Cell Fading external with RF2C and IQ 2
ROUTe:WCDMa : SIGN:SCENario:SCFading RF2C,RX1,RF2C,TX1,IQ20

// read out IQ settings
SENSe:WCDMa:SIGN<i>:IQOut:CARRier<carrier>?

2. Take note of the Crest Factor under IQ Out, and enter this value in the AMU

under Baseband Input Level (see Fig. 7 in section 2.2).

Set a fading, and switch I/Q Out A on (see section 2.2).

In the CMW, enter the crest factors indicated by the AMU (see Fig. 56 and Fig. 57).

Establish a WCDMA-connection between the CMW and the DUT, e.g. using

CONNECT HSPA TM.

6. If you modify the fading and/or AWGN, remember to change the crest factor
accordingly in the CMW.

akrw

Diga CrestFactorl 2677 a8 per| ()00 [o6Fs -] Level| -26.77 oBFs
3 crs e 0,00 @ ved 0,00 e o] o[ 0,00 o

| info |

Baseband A AWGN/IMP A| \
config... —] i@ out
[~ on
AWGN
DIG lia OUT
AN,
142 I
- Graphics BERT
DIG QN e config... | config...
ANAL BB Input B [~ On I~ On
L config... l Graph A+B
DIG
QN I"on
Baseband B Fading B I AWGN/IMP I?i 1/Q Out B
config... I config... config... config... | —]ua our
[~ On [~ on [~ On [~ on
MSK 3G Case 1 AVWGN Dig DIG 1i@ OUT
L—J

Fig. 56: AMU settings for SISO fading. In the CMW, it is necessary to make allowance for the resulting
crest factor in order to compensate the insertion loss.
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~1Scenario niStandard Cell Fading ; Fading: ‘External v
-~Enable Data end to end v
[—]IQ Settings
&-1Q Out J 7
. ~Connector DIGIQOUT2 ~
----- Sample Rate 100 Msps
----- Baseband PEP 0.00 dBFS
Lo Crest Factor 16.77 dB
=-1Q In
----- Connector DIGIQINT |
--Sample Rate 100 Msps
iz 000 dBES
-~ Baseband Level —-26.77 dBFS

Fig. 57: Compensating the insertion loss from the AMU in the CMW. Here, the level of the AMU signal
is entered as the IQ IN level.

Remote command:

// set IQ in to PEP 0 dBFS and Level to -26.77 dBFS
CONFigure:WCDMa:SIGN<i>:IQIN:CARRier<carrier> 0, -26.77

7. Start the RX measurement via WCDMA Rx Meas. (see section 3.1). Fig. 58 shows
an example of the SISO measurement in the overview.

Throughput:
© Current
20 25 Max -
Possible
i5 i 2 Median CQI:
Mﬁﬁ 15 & Current
2 10
5 r 5
Subframes

-9500 -8500 -7500 -6500 -8500 -4500 -3500 -2500 -1500 -500

Max. possible Throughput 20.352 Mbit's (based on settings)
Throughput Current Maximum Minimum Scheduled
Measured [Mbit/s] 10.931 12.822 10.380 20.352
Rel. to masx. possible [%) 53.710 63.000 51.000 100.000
Transmissions [%] Sent ACK NACK
1 53.700 29.050 70.950

2 38.110 83.600 16.400 0.000
3 6.260 69.169 30.831 0.000
4 1.930 99.482

DLBLER  46.290 % Median CQI 29 Measured Subframes| || 10,000 / 10000

énnﬁg

Fig. 58: WCDMA RX measurement for SISO.
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4.3 Dual-Carrier Configuration (DC-HSPA+)

With the DC-HSPA+ standard, two different carriers are transmitted via two antennas
in order to increase the data throughput. For the simulation, it is necessary to use two
fading paths in this case.

CMW

DiglQ 4 Dig 1Q 2 Digla1| DiglQ3

Dig Out A Dig Out B

AMU

Fig. 59: Block diagram for the DC-HSPA test setup. Two carriers are transmitted via two antennas
and with different fading. With the CMW, two different RF connectors can be used or the signal can
be provided at one output port.

1. Inthe WCDMA Signaling Configuration, select the Dual Carrier Fading Scenario
(see Fig. 61). Set Fading to External. The CMW can accommodate different
antenna configurations for the UE. Output for the second carrier can either be
provided through the same RF port or through a separate one.

" Routing (Output) <}
Carrier 1 Carrier 2

RF Connector; RF1COM ¥ |RF1COM v

RF Converter: RFTX1 v RFTX2 >

|G Qut Connector;: DIGIQOUT2 v DIGIQ OUT4 ~
IQ In Connector: DIGIQIN1 ~ DIGIQIN3 ~

Routing External Att. |Routin
(Output) ... |[(Output)... |[(Input

Scenario ...

Fig. 60: Routing of the signals in the CMW.
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. . WCDMA Signaling Configuration
Path: 1Q Settings/IQ Out/Crest Factor
~Scenario Dual Carrier Fading ~ Fading: External v
-~ RX Diversity r
""" Enable Data end to end v
2-1Q Settings
éJQOut Path 1/ Carrier 1 Path 2 / Carrier 2
P Connector DIGIQOUTZ ~ DIGIQ OUT4 ~
----- Sample Rate 100 Msps 100 Msps
~~~~ Basehand PEP 0.00 dBFS 0.00 dBFS
. {-{Crest Factor | 16.77 dB 15.66 dB
=-1Q In Path 1/ Carrier 1 Path 2 / Carrier 2
""" Connector DIGIQIN1 DIGIQIN3
----- Sample Rate 100 Msps 100 Msps
'''' Baseband PEP 0.00 dBFS 0.00 dBFS
----- Baseband Level -16.77 dBFS -15.66 dBFS

Fig. 61: WCDMA scenario for two carriers: Dual-carrier fading. The CMW indicates the crest factors
that are entered in the AMU Dig IQ Input.

Remote command:

// Dual Carrier Fading external

ROUTe:WCDMa : SIGN: SCENario:DCFading
RF1C,RX1,RF1C, TX1,RF3C, TX2,I020,I040

// use Dual Carrier -> NO RX Diversity

CONFigure:WCDMa:SIGN:SCENario:DCFading:EXTernal :RXDiversity OFF

// read out IQ Settings
SENSe:WCDMa : SIGN<i>:IQOut:CARRier<carrier>?

2. Take note of the Crest Factors under IQ Out and enter the values in the AMU
under Baseband Input Level A and B (see Fig. 7 in section 2.2).

3. Set a fading for both paths, and switch I/Q Out A and B on (see Fig. 35).

4. Inthe CMW, enter both crest factors indicated by the AMU (see Fig. 62 and Fig.
63).

5. Establish a WCDMA connection between the CMW and DUT, for example by using
CONNECT HSPA TM.

6. If you modify the fading, remember to change the crest factor accordingly in the
CMW.

1MA194 0Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMUZ200A 48



W-CDMA (HSPA+) Measurements

E_; RSAMU200A 100228 - Remotedesktopverbindung

Digital
19 Out CrestFacior 2677 d8 pee|  (.001cers -] Levei] -26.77 eors
Digital Crest Fact z
19 Out restfeciod 25.606 o8 per| (0.0 |csrs - Lever| -25 66 dFs
' Jnfo |
Baseband A AWGN/IMP A
config... | config... | —] i@ out
[~ on [~ on
MSK AVWGN
DIG i@ OUT

@1{; B | ’

Graphics BERT

m_ i config... | config...
ansp : [~ on [~ on
DIG liQ IN d
Baseband B AWGN/IMP B| | 1/Q Out |
config... | config... | —]uaour
[~ on [~ on ]
MSK AVWGN ——— (T
DIG i@ OUT

Fig. 62: AMU settings for fading two paths. In the CMW, it is necessary to make allowance for the
resulting crest factors in order to compensate the insertion loss.

v 8 WCDMA Signaﬁng COnﬁguraiion

Path: 1Q Settings/IQ In/Baseband Level
---- Scenario Dual Carrier Fading ~ Fading: External v
~~~~~ RX Diversity ]
----- Enable Data end to end v
E-1Q Settings
lél---IQ Out Path 1 / Carrier 1 Path 2 / Carrier 2
L Connector DIGIQOUT2 ~ DIGIQOUT4 ~
----- Sample Rate 100 Msps 100 Msps
----- Basehand PEP 0.00 dBFS 0.00 dBFS
| e Crest Factor 16.77 dB 15.66 dB
él---lQ In Path 1 / Carrier 1 Path 2 / Carrier 2
~~~~ Connector DIGIQIN1 DIGIQIN3
----- Sample Rate 100 Msps 100 Msps
..... PEP 0.00 dRES 0.00 dRES
~|Baseband Level | -26.77 dBFS -25.66 dBFS

Fig. 63: Compensating for the insertion loss from the AMU in the CMW. Here, the level of the AMU
signal is entered as the 1Q In level.

Remote command:

// set IQ in to PEP 0 dBFS and Level to -25.66 dBFS
CONFigure:WCDMa:SIGN<i>:IQIN:CARRier<carrier> 0, -25.66
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7. Start the RX measurement via WCDMA Rx Meas. (see section 3.1). Fig. 64 shows
an example of the DC-HSPA measurement in the overview.

CalNg  Throughput Cu
N @ Overall
& Carrier 1
20
& Carrier 2
Max. Possible
=TT Ees 10 Median CQI Curr.
< Carrier 1
Subframes  Carrier 2

-500

20

| ~———

-9500 -8500 -7500 -6500 -5500 -4500 -3500 -2500 -1500

Max. possible Throughput 40.704 Mbit's (based on settings) Overall Throughput: 23.486 Mbit's ||
Carrier 1 Carrier 2

Throughput Curr. Max. Min.  Sch'ed. Curr. Max. Min.  Sch'ed.

Measured [Mbit/s] 11.597 12.516 10.787 20.352 11.890 12.307 10.380 20.352 ||

Rel. to max. possible [%] 56.980 61.500 53.000 100.000 58.419 60.469 51.000  100.000
Transmissions [%] Sent ACK NACK DTX Sent ACK NACK DTX
1 57.050 38.265 61.735 0.000 58.440 43.309 56.691 0.000 ||

2 35.180 83.741 16.259 0.000 33.140 81.201 18.799 0.000
3 5.730 64.398 35.602 0.000 6.230 64.848 35.152 0.000
4 ) 2.040 98.039 1.961 0.000 2.190 98.630 1.370

0.000 |

Carrier 1: DLBLER ~ 43.020 % Median CQI 30 Measured Subframes | | 10,000 / 10000 Parameter
Carrier 2: DL BLER 41.580 % Median CQI 30

@ [HEU;;“ cs: @ Call Established

Repetition ...

WCDMA-UE
Signaling
ON

ps: s Connection Established

Measure Monitored Error
Subframes ... |H-ARQ ... Insertion ...

Fig. 64: WCDMA RX measurement for DC-HSPA. The measurements are adapted automatically for
both streams individually and as an overall assessment.

4.4 DC-HSPA+ with Rx Diversity

With the DC-HSPA+ standard, two different carriers are transmitted via two antennas
in order to increase the data throughput. Here, too, it is possible to simulate the RX
diversity reception. Since it is necessary to simulate two carriers for two antennas
each, four fading paths are required in this case. The four paths are made available via
the AMU’s 2x2 MIMO function. However, this is NOT a MIMO function in W-CDMA!
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CMW

RF1COM

RF2COM

Dig IQ 4 Dig 1Q 2 DiglQ 1| |DiglQ3

DigIn B , 'Dig In A Dig Out A Dig Out B

AMU

Fig. 65: Block diagram for the DC-HSPA test setup with RX diversity. Two carriers are transmitted via
two antennas and with different fading. The UE’s RX diversity antenna is operated via RF1ICOM.

cMW AMU cMW
Baseband 4 Paths RF
+
Fading

0 5 MHz F

¢ Carrier f1 H HiF S MHZ

Y

Af
5 MHz

0 5 MHz 0 5 MHz f1 f1 +5MHz

Fig. 66: Generating Rx diversity for dual carriers: Both carrier signals are generated in the CMW’s
baseband (with a frequency of 0 Hz). In the AMU, the second signal is offset by 5 MHz in the
baseband (Note: If the second carrier violates the upper frequency band limit, the carrier is shifted to
— 5MHz). Due to the cross components (MIMO function), both carrier signals are available on both of
the AMU’s paths. In the CMW, both paths are modulated to the carrier frequency f1.

1. Inthe WCDMA Signaling Configuration, select the Dual Carrier Fading Scenario
(see Fig. 68). Set Fading to External. For the Rx-diversity reception, a second
DUT antenna must be supplied with a signal. To do this, the CMW outputs a signal
via a separate RF2COM RF Port.
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", Routing (Output) '
Carrier 1 Carrier 2
RF Connector; RF1COM ¥ |RF2COM v
RF Converter: RFTX1 v RFTX2 v

4

|Q Out Connector: DIG 1Q OUT 2
|Q In Connector,  DIGIQ IN1

DIGIQOUT4 ~
DIGIQIN3 ~

4

Fig. 67: Routing of the signals in the CMW.

[~

0 WCDMA Signaling Configuration

Path: 1Q Settings/IQ Out/Crest Factor
Dual Carrier Fading '~ Fading: External v
v
v
B2-1Q Settings
£-1Q Out Path 1 Path 2
. ~Connector DIGIQOUT 2 ~ DIGIQ OUT 4 ~
----- Sample Rate 100 Msps 100 Msps
= Baseband PEP 0.00 dBES 0.00 dBFS
. | -{Crest Factor | 16.55 dB 16.55 dB |
=-1Q In Path 1 Path 2
""" Connector DIGIQIN1 DIGIGIN3
--Sample Rate 100 Msps 100 Msps
----- Baseband PEP 0.00 dBFS 0.00 dBFS
~~~~~ Baseband Level -16.55 dBFS -16.55 dBFS

Fig. 68: WCDMA scenario for two carriers: Dual carrier fading. The CMW indicates the crest factors
that are entered in the AMU Dig IQ inputs.

Remote command:

// Dual Carrier Fading external
ROUTe:WCDMa :SIGN:SCENario:DCFading
RF1C,RX1,RF1C,TX1,RF2C, TX2,1020,1040

// use Dual Carrier -> RX Diversity is simulated in the AMU

CONFigure:WCDMa:SIGN:SCENario:DCFading:EXTernal :RXDiversity ON

// read out IQ Settings
SENSe:WCDMa : SIGN<i>:IQOut:CARRier<carrier>?

2. Take note of the Crest Factors under IQ Out, and enter the values in the AMU
under Baseband Input Level A and B (see Fig. 7 in section 2.2).
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3. For the second path, configure a frequency offset of 5 MHz, and switch 1/Q Out A
and B on (see Fig. 35). (Note: If the second carrier violates the upper frequency
band limit, the carrier is shifted to — 5SMHz.)

ST
DIG G IN

Freq Offset I 5.000 000 00 IMHz v ||

Fig. 69: For RX diversity, the second path must have a frequency offset of 5 MHz (channel spacing
between two channels). (Note: If the second carrier violates the upper frequency band limit, the
carrier is shifted to — 5MHz.)

4. The four paths are realized using the AMU’s 2x2-MIMO function. In addition, select
the fading. This fading value is automatically used for all four paths. Set the virtual
RF frequency to the mid-point between the two carriers. (Example: Carrier 1 at
2112.6 MHz and Carrier 2 at 2117.6 MHz -> Virtual frequency at 2115.1 MHz).

5. Inthe CMW, enter both of the crest factors indicated by the AMU (see Fig. 70 and

Fig.

71).

6. Establish a WCDMA connection between the CMW and DUT, e.g. using
CONNECT HSPA TM.
7. If you modify the fading and/or AWGN, remember to change the crest factor
accordingly in the CMW.

A Digital
1/Q Out

e CrestResied 29.56 ¢8 pee| (.00 fesFs -] Level| 29,56 cBrs

10 MHz

Digital Crest Facto LI
1Q Out (smwgl 29.56 PEP' O.OUIdBFS Level| .29 56 d8s
| Info |
Baseband A AWGN/IMP A
config... config... —] @ out
[~ On [~ on
MSK AVWGN —— ST
DIG i@ OLUT
e —
m Graphics BERT
m— v on config... I config...
TRPT [~ On [~ On
Graph A+B
R — (e
DIG i@ IN BERT
Baseband B AWGN/IMP B ¢ B |
config... config... m —] i@ out
[~ on [~ on
MSK AVWGN ——
DIG 1i@ OUT

Fig. 70: AMU settings for dual carriers for Rx diversity: Fading of four paths. The second path must
be offset by 5 MHz. In the CMW, allowance must be made for the resulting crest factors in order to
compensate the insertion loss.

1MA194 Oe

Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMU200A 53



W-CDMA (HSPA+) Measurements

Wﬁgﬂaﬁng Configuration
----- Scenario Dual Carrier Fading ~ Fading: External v
----- RX Diversity v
----- Enable Data end to end 3
B-1Q Settings
£11Q Out Path 1 Path 2
. ~Connector DIG IQ OUT 2 ~ DIG IQ OUT 4 ~
----- Sample Rate 100 Msps ' 100 Msps
----- Baseband PEP 0.00 dBFS 0.00 dBFS
B Crest Factor 16.55 dB 16.55 dB
2-10 In Path 1 Path 2
----- Connector DIGIQIN1 DIGIQIN3
----- Sample Rate 100 Msps 100 Msps
""" Baseband PEP 0.00 dBFS 0.00 dBFS
|--{Basehand Level ||-29.56 dBFS]| —29.56 dBFS |

Fig. 71: Compensating the insertion loss from the AMU in the CMW. Here, enter the level of the AMU
signals as the IQ In level.

Remote command:

// set IQ in to PEP 0 dBFS and Level to -29.56 dBFS
CONFigure:WCDMa:SIGN<i>:IQIN:CARRier<carrier> 0, -29.56

8. Use WCDMA Rx Meas to start the RX measurement (see section 3.1). Fig. 72
shows an example of a DC-HSPA measurement in the overview.

2
@ WCDMA UE RX Measurement 1 - X3.0.30.14

CalNo Throughput Cu
@ Overall
20 & Carrier 1
[r—— 4 Carrier 2
20 Maix. Possible

P—— 10 Median CQI Curr. |||

< Carrier 1
Subframes @ Carrier 2

40

-9500 -8500 7500 -6500 -5500 -4500 -3500 -2500 1500 -500

Max. possible Throughput 40.704 Mbit's (based on settings) Overall Throughput: 28.417 Mbitis 7
Carrier 1 Carrier 2

Throughput Curr. Max. Min.  Sch'ed. Curr. Max. Min.  Sch'ed.
Measured [Mbit/s] 14.409 14.959 12.618 20.352 14.008 14.891 12.618 20352 ||
Rel. to max. possible [%] 70.799 73.500 62.000 100.000 68.829 73.167 62.000 100.000
Transmissions [%] Sent ACK NACK DTX Sent ACK NACK DTX
1 70.780 61.543 38.457 0.000 68.850 57.865 42.135 i
2 27240 93025 6.975 0.000 28990  92.687 7.313
3 1.900 95.789 4.211 0.000 2.120 98.113 1.887 0.000
4 0.080 100.000 0.000 0.000 0.040  100.000 0.000 i

Carrier 1: DLBLER ~ 29.200 % Median CQI 30 Measured Subframes 10000 / 10000
Carrier 2: DL BLER 31.170 % Median CQl 30

A H’\ Call Established ps: 5 Connection Established

) Measure itored Error
Repetition ... Subframes ... [H-ARQ ... Insertion ...

Fig. 72: WCDMA RX measurement for DC-HSPA. The measurements are adapted automatically for
both streams individually and for the overall assessment.
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5 Data Application Unit (DAU)

Applications with the DAU can also employ external fading. Doing this only requires
taking a few steps beyond the steps described earlier in this document:

1. Enable end-to-end data connections in the individuals radio access networks
(RANS).

" <~ WCDMA Signaling Configuration
Path: Scenario

-Scenario Standard Cell v
----- Enable Data end to end 3

Fig. 73: Enable Data end-to-end must already be activated in the individual RANs (in this example, for
WCDMA).

2. Configure the DAU (see below).

3. From the UE, establish an end-to-end connection (no test mode).

4. Perform the measurements (e.g. directly in the device or with special end-to-end-
measurements) on the CMW.

For further information on operating the DAU, please refer to [7].

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.

<% Measurement Controller

“RX Quality I
“; Data Appl.

Measurements 1 |

E-----lh"lreasumments 2 I_

Fig. 74: 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.
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IP Config

Fig. 75: The IP Config menu.

¢ Inthe DATA APPLICATION MEASUREMENTS 1 window select IPERF and press the
CONFIG... software key.

50.04 Mbit/s

- Mbit/s
--- Mbit/s

W Uplink
M Dowvnlink

Fig. 76: Running IPERF.
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In the IPERF CONFIG window, select CLIENT #1, UDP and BIT RATE = e.g. 50 Mbit/s
(must be < DL IP data rate, see 3.2.1). This sets the Downlink data rate. Press Ok
to return to the DATA APPLICATION MEASUREMENTS 1 window.

& IPerf Config
[&-Clients | Use UDP or TCP Port UE IP Address z‘;"'"Bs'yf; E::::l"e' Bitrate  *
[-1 ¥ UDP v 5010 172.22.1.100 32 1 50.00 Mbit's |
7 ~ TCP v 5002 172.22.1.100 2 1 1.00 Mbit's
----- 3 - TCP '~ 5003 172.22.1.100 2 1 100 Mbit's
4 ~ TCP '~ 5004 172.22.1.100 32 1 100 Mbit's
----- 5 ~ TCP '~ 5005 172.22.1.100 32 1 1.00 Mbits
] 1‘_ TP v ANNR 172 22 1 10N 3?2 1 10N Mhit}."ev
OK Cancel

Fig. 77: IPerf Config window.

Press the Iperf software key and press the ON/OFF button. The yellow RUN status
message indicates that the data generator is running.

Iperf

RUMN

Fig. 78: 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 kbps).
CONFigure:DATA:MEAS1:IPERf:CLIentl:BITRate 56M

ProTOCOL — Specifies the protocol used for data transfer for the client connection.
CONFigure:DATA:MEAS]: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:MEAS]:IPERf:CLIENT1 :ENABLE ON

Start/Stop generating data:

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

5.1 LTE

For LTE, there are several special settings for end-to-end tests.

Under Connection, the Type must be set to Data Application (Fig. 80).

<%’ LTE Signaling Configuration

Path: Connection/Connection Type
----- Duplex Mode FDD ~
""" Scenario Standard Cell v
""" Enable Data end to end v
E-RF Settings
H-Downlink Power Levels
H-Uplink Power Control
#-Physical Cell Setup
- Network
E-Connection
~~~~~ UE Category Manual: 5 Use Reported (if available): v
""" Default Paging Cycle #64 v
~~~~~ Additional Spectrum Emission NS 01 ~
----- UE Meas. Filter Coefficient FC4 ~
-1Connection Type Data Application v

Fig. 79: Special Settings for end-to-end tests: Data Application.

Remote command:

/I SET CONNECTION TYPE TO DATA APPLICATION
CONFigure:LTE:SIGN<i>:CONNection:CTYPe DAPPlication

5.2 W-CDMA (with HSPA+)

For W-CDMA, there are several special settings for end-to-end tests.
Under Packet Data, HSDPA or HSUPA should be entered under Data Rate (Fig. 80).

Here, too, the WCDMA Wizard is available for automatic setup using the UE capability
(see Fig. 50 on page 39).
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', WCDMA Signaling Configuration

Path: Scenario

—1Scenario Standard Cell T

""" Enahle Data end to end V
E-RF Settings

- Physical Downlink Settings

- Physical Uplink Settings

E-Connection Configuration

----- UE term. Connection Test Mode ~

--SRB Data Rate DL 13.6 kbps ~ UL 13.6 kbps ~
~--Voice

E-Video

&-Single SRB
[-Test Mode

B-Packet Data
%---"Data Rate DL HSDPA ~ UL HSUPA ~
---- Receiving Window Size Auto v 2047
L T1 Release Timer Aute ~ 50 ms

Fig. 80: Special settings for end-to-end tests: Packet data.

Remote command:

/I SET PACKET DATA DATA RATE TO HSDPA AND HSUPA
CONFigure:WCDMa: SIGN<i>:CONNection:PACKet:DRATe HSDPa, HSUPa

The W-CDMA option offers an additional throughput measurement based on end-to-
end data connections (RLC throughput, Fig. 81). The HSDPA ACK and E-HICH
receiver measurements for Layerl (under RX Meas, see section 4.1) also work in the
end-to-end configuration. Beyond this, all Tx tests can also be used with end-to-end
connections.
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kbit/'s

@ Current
& Average
i i : ! ! i i : : : PDUUL:
y @ Current
< Average

Throughput PDU

Current 790.000 kbit's 798.933 kbit's 0.000 hit/s 0.000 hitis
Average 790.000 kbit's 784.623 kbit's 0.000 bit/s 0.000 bit's
Maximum 790.033 kbit's 1.049 Mbit's 0.000 bit/s 0.000 bit's
Minimum 789.967 kbit's 499.333 kbit's 0.000 bit's 0.000 bit's

Blocks

Ps: 5 Connection Established

Fig. 81: RLC throughput measurements in WCDMA. Here, the throughput is measured directly in the
end-to-end connection.
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6 Appendix

6.1 Literature

[1] Application Note 1IMA111, UMTS Long Term Evolution (LTE) Technology
Introduction

[2] Application Note 1MA142, Introduction to MIMO

[3] Application Note 1GP51 Guidelines for MIMO Test Setups — Part 2

[4] Application Note 1SP11 WIMAX MIMO Multipath Performance Measurements

[5] User Manual, R&S®CMW-KM5xx/-KS5xx LTE Firmware Applications

[6] User Manual, R&S®CMW-KG4xx/-KM4xx/-KS4xx WCDMA Firmware Applications
[7] User Manual, R&S®CMW-B450A/-KM050 Data Application Units

[8] Application Note 1IMA177 LTE Terminal Tests under Fading Conditions with
R&S®CMW500 and R&S®AMU200A

6.2 Additional Information

Please send your comments and suggestions regarding this application note to

TM-Applications@rohde-schwarz.com

1MA194 Oe Rohde & Schwarz Testing UEs under Fading Conditions with CMW500 and AMU200A 61


http://www.rohde-schwarz.com/appnote/1MA111
http://www.rohde-schwarz.com/appnote/1MA111
http://www.rohde-schwarz.com/appnote/1MA142
http://www.rohde-schwarz.com/appnote/1GP51
http://www.rohde-schwarz.com/appnote/1SP11
http://www.rohde-schwarz.com/appnote/1MA177
http://www.rohde-schwarz.com/appnote/1MA177
mailto:TM-Applications@rohde-schwarz.com

Appendix

6.3 Ordering Information

Ordering Information

CMW500 Wideband Radio Communication Tester

CMWS500 RF 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 2" RF Frontend (Basic) H590A 1202.8707.02
Or
CMW-S590D RF Frontend, 1202.5108.03
advanced functionality
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-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-B510F Digital IQ 1 to 4 H510A 1202.8007.07

Software LTE RF Tester

TX measurement, uplink

CMW-KS500 LTE FDD Release 8, SISO, Basic 1203.6108.02

CMW-KS510 LTE Release 8, SISO, advanced functionality 1203.9859.02

CMW-KS520 LTE MIMO 2x2 1207.3555.02

CMW-KS525 LTE, user defined bands 1207.4000.02

CMW-KM500 LTE FDD Release 8, 1203.5501.02
TX measurement, uplink

CMW-KM550 LTE TDD (TD-LTE) Release 8, 1203.8952.02

Software W-CDMA

RF Tester

CMW-KS400

WCDMA Release 99, Basic

1203.0751.02
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CMW-KS410 WCDMA Release 99, advanced functionality 1203.9807.02

CMW-KS401 WCDMA Release 5/6 HSPA, Basic 1203.9907.02

CMW-KS411 WCDMA Release 5/6 HSPA, 1207.3503.02
advanced functionality

CMW-KS403 WCDMA- Release 7 HSPA+, SISO, Basic 1203.9959.02

CMW-KS404 WCDMA Release 8, Basic 1207.6154.02

CMW-KS425 WCDMA, user--defined bands, 1207.3955.02

CMW-KM400 WCDMA Release 99, TX measurement, uplink 1203.0700.02

CMW-KM401 WCDMA Release 5/6 HSPA , 1203.2954.02
TX measurement, uplink

CMW-KM403 WCDMA Release 7 HSPA+, 1203.9007.02

TX measurement, uplink

IP Test Extension

CMW-KA100 Enabling of IP-Data Interface for IPV4 1207.2607.02
CMW-KA150 Extension of IP-Data Interface to IPv6 1207.2659.02
CMW-KMO050 IP Based Measurements 1203.5901.02
Optional

CMW-Z03 Mini USIM LTE R8 1202.9503.02

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-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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Rohde & Schwarz is an independent group
of companies specializing in electronics. It is
a leading supplier of solutions in the fields of
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network in over 70 countries. Company
headquarters are in Munich, Germany.

Environmental commitment
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e Continuous improvement in
environmental sustainability
e |SO 14001-certified environmental
management system

Certified Quality System

1S0 9001
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+49 89 4129 12345
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+1-410-910-7988
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