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The following abbreviations are used in this application note for R&S test
equipment:

The Vector Signal Generator R&S® SMUZ200A is referred to as the
SMUZ200A.

The Vector Signal Generator R&S® SMATEZ200A is referred to as the
SMATE200A.

The Vector Signal Generator R&S® SMJ100A is referred to as the
SMJ100A.

SMU200A, SMATE200A and SMJ100A in general is referred to as the
SMx.

The Vector Signal Generator R&S® SMIQ is referred to as the SMIQ.
The 1/Q Modulation Generator R&S® AMIQ is referred to as the AMIQ.

The Spectrum Analyzers R&S® FSP and FSU are referred to as FSP
and FSU.

The Signal Analyzer R&S® FSQ is referred to as the FSQ.
FSP, FSU and FSQ in general is referred to as the FSx.

The Universal Radio Communication Tester R&S® CMU200 is referred
to as the CMU200.
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1 Overview

1MA84

High Speed Downlink Packet Access (HSDPA) is part of 3GPP release 5 of
WCDMA. Besides 2 new downlink physical channels for transmission of
user data and control information, the High Speed Dedicated Physical
Control Channel (HS-DPCCH) was introduced as a new uplink code

channel for control purposes.

The HS-DPCCH puts severe requirements on power amplifier design for
HSDPA terminals. Besides being the 3™ uplink code channel, the HS-
DPCCH is not continuously transmitted and is not necessarily time aligned
with the other WCDMA uplink channels. As a result, varying power relations
to the dedicated uplink channels (DPCCH and DPDCH) are obtained.

This Application Note describes the HSDPA uplink channel structure.
Challenges for UE power amplifier design are outlined, and guidelines how
to use R&S measurement equipment for testing UE power amplifiers are
provided. Furthermore, an outlook on High Speed Uplink Packet Access
(HSUPA) and the impact of HSUPA on the uplink channel structure is

given.

Chapter 2 explains the structure of the HS-DPCCH as well as timing

relations and power settings.

Chapter 3 outlines major challenges of the HS-DPCCH channel for UE

power amplifier design.

Chapter 4 describes test and measurement requirements relevant for HS-
DPCCH as defined in 3GPP.

Chapter 5 explains basic test setups with the help of Rohde & Schwarz
measurement equipment. It is explained how to generate and analyze HS-
DPCCH signals (manually or with the help of a complimentary demo

software).

Chapter 6 exemplarily illustrates HS-DPCCH signal characteristics for

different parameter combinations.
Chapter 7 gives an outlook on High Speed Uplink Packet Access.

Chapters 8 to 11 provide additional information including literature

references.

This application note assumes basic knowledge of HSDPA technology as

outlined in application note 1MA82 [1].
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2 Structure of HS-DPCCH

1MA84

Physical Channel Structure

The HS-DPCCH is an uplink physical channel with fixed spreading factor
256 [2]. It is used to convey user feedback about channel quality (CQl =
Channel Quality Indicator) as well as packet acknowledgements or negative
acknowledgements (ACK or NACK). No user data is transmitted on the
HS-DPCCH.

By using a separate code channel for the HS-DPCCH, backwards
compatibility with release 99 is ensured.

The HS-DPCCH is based on a sub-frame structure, with one sub-frame
consisting of 3 timeslots (= 2 ms). The packet ACK or NACK information is
transmitted in the first timeslot of the sub-frame, and the CQI value is
transmitted in the second and third timeslot of the sub-frame.

The structure of the HS-DPCCH is shown in figure 1.

Ts0t = 2560 chips 2xTgot = 5120 chips

& » & »
<« L} »

HARQ-ACK CQI= Channel Qiuality Information

A

»
»

One HS-DPCCH subframe (2 ms)

Subframe #0 Subframe #i Subframe #4

< »
< »

One radio frame Tr= 10 ms

Figure 1 — Structure of HS-DPCCH

The HS-DPCCH is not transmitted continuously. DTX (i.e. no transmission)
can occur on ACK/NACK and CQl fields independently from one another.
ACK/NACK is only transmitted in case a packet on the downlink HSDPA
user data channel (HS-PDSCH, High Speed Physical Downlink Shared
Channel) was received by the UE before. CQl is transmitted according to
the CQI feedback cycle k parameter which is configured by higher layers,
ranging from O ms, 2 ms, ..., up to 160 ms.

The HS-DPCCH cannot exist as a stand-alone channel, but it always exists
together with a Dedicated Physical Control Channel (DPCCH) and possibly
one or more Dedicated Physical Data Channels (DPDCH). All these
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maximum number of
DPDCH is even

HS-DPCCH

maximum number of
DPDCH is odd

1MA84

HS-DPCCH
SRS
=

channels are 1Q multiplexed in the uplink [3]. The HS-DPCCH is either
mapped on the | domain or on the Q domain, depending on the number of
DPDCHs present. If there is an odd number of DPDCHs, the HS-DPCCH is
mapped on the Q domain. If there is an even number of DPDCHs, the HS-
DPCCH is mapped on the | domain. This is illustrated in figure 2.

The channels are spread individually and scaled by gain factors (see below

for more details on gain factor setting).

Scrambling

Bg
oroce, 4 4 )

1+jQ
Chs Bhs G.> ! (X

—— HS-DPCCH s

Case Ba 2 H%)
DPDCHsg % %

Chs Bhs

o

Figure 2 — Spreading for Uplink DPCCH, DPDCHs and HS-DPCCH
Timing Relations
The HS-DPCCH is not necessarily slot aligned with the uplink DPCH.

In order to understand the timing of the HS-DPCCH, it is important to
remember the timing relations of the HSDPA related channels in the
downlink, High Speed Shared Control Channel (HS-SCCH) and High Speed
Physical Downlink Shared Channel (HS-PDSCH). This is because the HS-
DPCCH carries the ACK/NACK response for a packet with user data
received within an HS-PDSCH sub-frame. Therefore, the timing of the HS-
PDSCH directly influences the timing of the HS-DPCCH.

The start of the HS-SCCH which carries scheduling information for HS-
PDSCH is aligned with the start of the P-CCPCH frames. The HS-PDSCH

5 Rohde & Schwarz
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sub-frame associated to an HS-SCCH sub-frame starts tys.ppsch = 2xTgiot =
5120 chips after the start of this HS-SCCH sub-frame, see figure 3.

3xTgot = 7680 chips

HS-SCCH - -

3x Tt 7680 chips

HS-PDSCH

Ths-poscH (2*Tsior = 5120 chips)

Tslot = 2560 chips

+—>

Figure 3 - Timing relation between the HS-SCCH and the associated HS-
PDSCH

The downlink DPCH timing may be offset from the P-CCPCH frame timing
with a multiple of 256 chips (T_dpch_offset), which is signaled by higher
layers to the UE.

All downlink channels are received at the UE with a propagation delay. The
UE has to decode the received HS-PDSCH packet and prepare an ACK or
NACK for transmission on the HS-DPCCH. For this processing, 7.5 slots
corresponding to 19200 chips are assumed as required processing time in
the UE (figure 4).

Uplink Slot #0 | Slot #1 | Slot#2 | Slot#3 | Slot #4 | Slot #5 jsm#s Slot #7 E Slot #8 ! Slot #9 | Slot #10' Slot #11 Slot #12
DPCH
3*Tslot = 7680 chips
at UE
app. 19200 chips = 7.5 time slots

Uplink - i

HS-DPCCH
Figure 4 - Timing structure at the UE for HS-DPCCH control signaling
Figure 5 shows the resulting overall timing. The upper part of the figure
shows the timing of the downlink channels at the Node B side. The lower
part of the figure shows the timing at the UE side. TTX_diff is the difference
in chips (TTX_diff = 0, 256, ..., 38144 chips) between the start of a HS-
PDSCH transmission and the start of the related downlink DPCH frame.
Since there are 5 possible sub-frames for the HS-PDSCH within one radio
frame, TTX_diff can accordingly take one of a set of 5 possible values in a

1MA84 6 Rohde & Schwarz
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given scenario. TTX_diff determines the transmit timing T_UIDpch-
HsDpcch of the HS-DPCCH in relation to the uplink DPCH as shown in
figure 5. For simplification, the parameter m = (TTX_diff/256)+101 has been
introduced in specifications to express the transmit timing of the HS-
DPCCH [2].

1 Radio Frame = 10 ms

P-CCPCH

2 slots
HS-PDSCH:<——>
T_dpch_offse
DL-DPCH
TTX_diff
Pro ggtion Delay

DL-DPCH
at UE

Propagation App. 7.5 slots

Delay :
UL-DPCH N
at UE

T_dI_ul_offset = 1024 chips

T_UIDpch-HsDpcch = (TTX_diff/256+101)*256 chips = m*256 chips

HS-
DPCCH

Figure 5 - Timing Relations for Uplink HS-DPCCH

The formula for m can be derived as follows:

m = TTX_diff/l256 + 101 = TTX_diff/256 + (19200 chips + 3* 2560 chips -
1024 chips) / (256 chips)
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1MA84

It is important to remember that the setting of the DPCH frame offset
(T_dpch_offset in figure 5) influences the timing of the HS-DPCCH relative
to the uplink DPCCH.

Power Setting

The power of the HS-DPCCH is set in relation to the DPCCH. For this
purpose, a power offset value AHS-DPCCH is applied by the UE on each
HS-DPCCH timeslot. The UE derives this power offset from higher layer
signaling as follows.

The power offset value AHS-DPCCH in a particular timeslot depends on
whether ACK, NACK or CQI information is transmitted in this timeslot.
Therefore, three different power offset values AACK, ANACK, ACQI are
signaled by higher layers to the UE. The UE sets the power offset AHS-
DPCCH in a particular timeslot equal to AACK, ANACK or ACQI, depending

on what is transmitted in this timeslot.

For AACK, ANACK, ACAQI, integer values 0...8 can be signaled by higher
layers. These are then quantized in amplitude ratios according to table 1
taken from [3].

Table 1 - Quantization of power offset for HS-DPCCH

Signaling values for Quantized amplitude ratios for
AACK, ANACK, ACQI 1 (aHSDPCCH20)
30/15
24/15
19/15
15/15
12/15
9/15

8/15

6/15

5/15

O|I=|IN|W|Ah ||| |00

The gain factor Bhs for non-compressed frames as referred to in figure 2 is

defined in specifications as follows [4]:
AHS—DPCCH j

By =B, '10[ ”

Bc is the gain factor valid for the uplink DPCCH. It is either signaled by
higher layers to the UE, or computed according to [4]. The same holds for
the gain factor d valid for the uplink DPDCH.

8 Rohde & Schwarz
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At every instant in time, at least one of the values Bc and Bd has the

amplitude 1.0. The Bc and Bd values are quantized into 4 bit words. The
quantization steps are given in table 2 taken from [3]:

Table 2 - Quantization of gain factors

Signaling values for Quantized amplitude ratios
B and B4 B and B4
15 1.0
14 14/15
13 13/15
12 12/15
11 11/15
10 10/15
9 9/15
8 8/15
7 7/15
6 6/15
5 5/15
4 4/15
3 3/15
2 2/15
1 1/15

0 Switch off

The gain factors as derived by higher layer signaling are now used for
scaling HS-DPCCH, DPDCH and DPCCH before transmission in the uplink,
see figure 2.

In the case that the total UE transmit power after applying DPCCH power
adjustments and gain factors would exceed the maximum allowed value,
the UE shall apply additional scaling to the total transmit power so that it is
equal to the maximum allowed power. This additional scaling shall be such
that the power ratio between DPCCH and DPDCH and also DPCCH and
HS-DPCCH remains as required. Any scaling shall only be applied or
changed at a DPCCH slot boundary.

The maximum allowed value for UE transmit power is given in 3GPP TS
25.101 [5]. For all values of Bhs the UE maximum output powers as
specified in Table 3 are applicable in the case when the HS-DPCCH is fully
or partially transmitted during a DPCCH timeslot. Note that table 3 is only

valid for release 5. For modifications made in release 6, please refer to
chapter 7.
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Table 3 - UE maximum output powers with HS-DPCCH (release 5)

Power Class 3 Power Class 4
Ratio of /3. to [3, for all values of [3, Power Tol Power Tol
(dBm) (dB) (dBm) (dB)
1/15 < Bo/Ba < 12/15 +24 +1/-3 +21 +2/-2
13/15 < B/Ba < 15/8 +23 +2/-3 +20 +3/-2
15/7 < Bo/Ba < 15/0 +22 +3/-3 +19 +4/-2

Note that for gain factors 1/15 < Bc/pd < 12/15, effectively no power

reduction compared to release 99 requirements is obtained.

For gain factors 13/15 < Bc/pd < 15/8, 1 dB back-off is allowed compared to
release 99. For gain factors 15/7 < Bc/Bd < 15/0, 2 dB back-off is allowed

compared to release 99.

3 Impact of HS-DPCCH on UE Power Amplifier

1MA84

The HS-DPCCH as 3" uplink code channel increases the Peak-to-Average
Ratio (PAR) and therefore puts higher requirements on the linearity of UE
power amplifiers. As shown in chapter 2, the standard foresees lower
values for UE maximum output powers in the presence of HS-DPCCH. This
was done in order to not aggravate linearity requirements on the UE power
amplifiers compared to release 99. As can be seen in table 3, the UE
maximum output powers depend on the gain factors, since it has been
demonstrated by simulations that the required power reduction is
significantly different for different combinations of fc, Bd and Bhs, see e.g.
[6], [7], [8]- In order to avoid negative impact on uplink cell coverage, UE
maximum output power reduction has only been introduced for those gain

factor combinations that are most critical in terms of PAR increase.

The highest 99.9% PAR increase compared to a release 99 reference
channel combination according to these simulations occurs for relations of
Bc/Bd > 1. Besides the PAR increase, the output power probability function
of the uplink signal needs to be regarded to evaluate the impact on the
power amplifier. The simulations cited above have shown that in a signal
with HS-DPCCH, the probability that power is above average power is
much higher. Thus, the maximum output power reduction needs to be
higher than the expected 99.9% PAR increase in order to meet the linearity

requirements.

Obviously it is implementation dependent how a specific power amplifier

copes with the linearity requirements, so it is crucial to verify the power

10 Rohde & Schwarz
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4 Test & Measurement Requirements

1MA84

amplifier performance in order to meet specification requirements, e.g.
Adjacent Channel Leakage Ratio (ACLR).

UE transmitters have to comply to test and measurement requirements as

given in 3GPP specifications.

In 3GPP specification TS 34.121 [9], various new transmitter test cases for

HS-DPCCH can be found:

Test Case 5.2A: UE maximum output power with HS-DPCCH

Test Case 5.7A: Transmit ON/OFF power, HS-DPCCH

Test Case 5.9A: Spectrum Emission Mask with HS-DPCCH

Test Case 5.10A: ACLR with HS-DPCCH

Test Case 5.13.1A: Error Vector Magnitude (EVM) with HS-DPCCH

The tests are based on an uplink reference measurement channel for HS-

DPCCH. B values for this reference measurement channel have already
been agreed in the annex of TS 34.121 [9]. Table 4 shows the 6 sub-tests
which have to be performed for each of the above-mentioned transmitter

test cases with HS-DPCCH.

Table 4 - p values for transmitter characteristics tests with HS-DPCCH

Sub-test B B Be/Ba BHs
[ Noted, Note 2)
1 115 15/145 1145 M5
2 1215 1615 1214 2415
3 13145 15/145 1315 26145
4 15/145 815 14508 30145
5 15/145 M5 187 30145
B 15/145 off 150 30145
Mote 1: dacy, dnack and Azor = 30118 with §,=3015* & .
Mote 2: For HS-DPCCH testin clause 5.7A, Acai = 2415 with G, = 24115* & .

1"

Rohde & Schwarz
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5 Basic Test Setups with R&S Instruments

1MA84

In this chapter, it is explained how to create and analyze HS-DPCCH
signals for UE power amplifier testing with R&S instruments.

Generation of HS-DPCCH with R&S Instruments

For generating an HS-DPCCH signal, signal generators SMU200A,
SMJ100A or SMATE200A are available. Software option SMx-K43 (3GPP
FDD enhanced MS/BS tests, incl. HSDPA, requires SMx-K42) provides

HSDPA functionality on these signal generators.

Alternatively, WinlQSIM simulation software provides the possibility to
generate HS-DPCCH signals with software option SMx-K20 (3GPP FDD
incl. HSDPA). WinlQSIM is a simulation software running on a PC to
generate waveforms for digitally modulated signals which can be uploaded
on the above-mentioned signal generators, on I/Q modulation generator
AMIQ, or on vector signal generator SMIQ.

In the following, SMU200A signal generator and WinlQSIM simulation
software are exemplarily used to demonstrate the test setup for HS-DPCCH

generation.

With the SMU200A, settings for digital modulation can be accessed via the
baseband function block in the block diagram of the user interface. Figure 6
shows the 3GPP FDD menu within the baseband function block. An uplink
signal is created. By double-clicking on the selected User Equipment (UE1
in this example), it is possible to access more detailed settings of the
generated signal including DPCCH, DPDCH, and HS-DPCCH parameters.

12 Rohde & Schwarz
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54
State on | sl
Set To Default | Save/Recall... |
Data List Management._. | Test Case Wizard__. |
3GPP Version Release 5
Chip Rate 3 84 Mcps
Link Direction |U|1Iink.-" Reverse -l
FilterfClipping/ARB Setlings...l Root Cosine § Clip Off
TriggeriMarker___ | Arm Auto §f Ext {TRIGGER 1)
Clock. .. | Internal
Configure User Equipment
Test Setups/Models... | Additional User Equipment...l
Reset User Equipment | Copy User Equipment |
Adjust Total Power To 0 dB | Total Power -0.00
Select User Equipment
UE3 UE4
[~ On [~ On |

Figure 6 — Uplink signal generation with SMU200A

Figure 7 shows the corresponding menu in WinlQSIM. By double-clicking
on “MS 1”, more detailed settings for HS-DPCCH, DPDCH and DPCCH can

be accessed.

AGPP W-COMA Configuration according to 3GPP Release 5

—General Settings
Link Direction ¢ Dovnlink/Forvard Link @ Uplink/Feverse Link

Chip Rate Wariation g3.84DD |Mcps J Set ba standard |
Sequence Length 31 |frames J FRES Init Idifferent start values l

Filtering |

Clipping Lewvel 100

B

—Mobile Station Configuration

N

Reset All kS | Adjust Equal S_l,meDIEnelg_l,ll Adijust Total Power to D dBl

Select MS tn Adit
MS 2 MS 3 MS 4
i off T[] On off T[] On off T[] On
= o
~Copy M5

Source IMS1 'I Destination IMS 2 'I
Copy |

CCOF-Test | Cloge |

Figure 7 — Uplink signal generation with WinlQSIM
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Figure 8 shows the possible HS-DPCCH settings with SMU200A. The sub-
frame structure of the HS-DPCCH is graphically illustrated. Power, Start
Delay, Inter TTI Distance, CQIl pattern, and ACK/NACK pattern can be
selected. The parameter Start Delay is corresponding to the parameter m in
figure 5, and is therefore determining the position of the HS-DPCCH
compared to the uplink DPCH frame boundary.

H5-DF CCH Settings

Cal Yalues

HARQ-ACK (Slots) cal (Slots)
1 2
State [~ On Power I 0.00 IdB j
Start Delay | 101 | =256 Chips =] Inter TTI Distance | 5[ subframes ~|
Channelization Code Q7 64
COl Pattern Length | 5 ACK/NACK Pattern (bin) |  111000-0.. |

1 [ =

Figure 8 — HS-DPCCH Settings in SMU200A menu

With WinIQSIM, HS-DPCCH can be generated in a similar way, see figure
9. Additionally, WinIQSIM allows to set independent power values,
depending on whether ACK, NACK or CQl is transmitted on HS-DPCCH.

The background for this was explained in chapter 2.

—H%5%-DPCCH Settings

Start Delay m 10

gD.DD db Paveer HAK. gD.DD dB

gd Subframes ACKMACE, Pattern [max. 16 bit) |1

Figure 9 — HS-DPCCH Settings in WinlQSIM menu

% 206 Chipz

Power ACK Power CLI 0.00 dB

Inter TTI Distance

Setting of gain factor combinations

Both in SMU200A and WinlQSIM, power of DPCCH, DPDCH and HS-
DPCCH is set in dB. The power value is set in relation to the channel with
the highest power. Only if Adjust Total Power to 0 dB is pressed in the
main menu (see figure 6 and 7), the power of the individual code channels
is set so that the sum power of all active channels is 0 dB. In this case, the
set power differences of all channels remain the same but the total power is

normalized to 0 dB.

In chapter 3, the impact of gain factor setting, i.e. setting of Bc, fd, phs, on

the uplink signal characteristics was outlined. In chapter 4, it was shown

1MA84 14 Rohde & Schwarz
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that HS-DPCCH test cases in [9] are based on sub-tests with different gain
factor combinations. Therefore, it is very important to understand how to set
gain factor combinations with R&S instruments.

In order to manually adjust gain factors for DPCCH and DPDCH, table 5
shows the power values to be set with the SMU200A or with WinlQSIM in
order to reflect signaling values for Bc and Bd. Note that either fc or Bd
must have the signaling value 15, i.e. either DPCCH or DPDCH has to be
set with level 0 dB and the level of the respective other channel is then set
in relation to 0 dB according to table 5.

Table 5 — Power values to be set on SMUZ200A for fic and fd values

Signaling values for Quantized amplitude ratios for Power to be set for R&S Vector
Bc and pd Bc and Bd Signal Generator / dB

15 1.0 0.0

14 14/15 -0.60

13 13/15 -1.24

12 12/15 -1.94

11 11/15 -2.69

10 10/15 -3.52

9 9/15 -4.44

8 8/15 -5.46

7 7/15 -6.62

6 6/15 -7.96

5) 5/15 -9.54

4 4/15 -11.48

3 3/15 -13.99

2 2/15 -17.52

1 1/15 -23.52

0 Switch off Switch channel off or -80dB

In case of an additional HS-DPCCH, its level is set in relation to the DPCCH
according to table 6. Note that WinlQSIM allows to set independent power

values, depending on whether ACK, NACK or CAQl is transmitted on HS-
DPCCH.

Table 6 — HS-DPCCH power relative to DPCCH

Signaling values for Quantized amplitude ratios for HS-DPCCH power to be set in
A ack, Anack and Aca (A”S’“”“’”j relation to DPCCH
10 20

8 30/15 6.02

7 24/15 4.08

6 19/15 2.05

5) 15/15 0.0

4 12/15 -1.94

3 9/15 -4.44

2 8/15 -5.46

1 6/15 -7.96

0 5/15 -9.54

15 Rohde & Schwarz
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It needs to be considered that in the SMU200A and in WinlQSIM, the level
of the channel with the highest power has to be set to 0 dB. The power of
the other channels is then set in relation to 0 dB. This step is simplified with

the demo software explained below in this chapter.
Analysis of HS-DPCCH with R&S Instruments

For analyzing the RF characteristics of an HS-DPCCH signal, spectrum
analyzers FSU and FSP as well as the signal analyzer FSQ can be used.
Software option FS-K73 (Application firmware 3GPP-FDD UE transmitter
test for FSMR, FSP, FSU, FSQ) for WCDMA uplink analysis already
contains the functionality required for analyzing the HS-DPCCH.

Also the CMU200 Universal Radio Communication Tester provides a
variety of analysis and measurement functions for HS-DPCCH. Software
Option CMU-K64 enables HSDPA functionality. CMU200 functionality is
explained at the end of this chapter.

In the following, FSQ signal analyzer is exemplarily used to demonstrate the
test setup for HS-DPCCH analysis.

For power amplifier design, particularly ACLR, crest factor, EVM and
spectrum measurements are of interest. These measurements can be

performed conveniently and with highest accuracy with the FSQ.

For accessing the ACLR measurement, press the key MEAS, and then the
ACLR softkey. The instrument measures the channel power and the
relative power of adjacent channels and of the next channels. Figure 10
shows an example.

16 Rohde & Schwarz
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Figure 10 - ACLR measurement with FSQ

In the following you find a short explanation where you can find more

relevant measurements within the FSQ menu:
e Crest factor: via key MEAS, softkey STATISTICS

e  Spectrum emission mask: via key MEAS, softkey SPECTRUM EM
MASK

e  Composite EVM measurement: via hotkey RESULTS
Demo Software

This application note comes with a small demo program called “GDE”
(Generic Demonstration Engine). The software is running on a PC. For
installing it, download and start the file 1MA84_1.0.exe which will guide you

through the installation process.

The GDE is a remote control command sequencer tool. It offers a user
interface for setting basic parameters of an HSDPA signal with DPCCH,
DPDCH, and HS-DPCCH, and for measuring ACLR, crest factor, or
composite EVM of this signal. After selecting the measurement of interest
and configuring the parameters, R&S instruments like SMU200A and FSQ
are preconfigured via remote control, and the measurement is done

automatically. Figure 11 shows the user interface of the GDE.

Within the Help menu (Help for GDE general), a detailed explanation of the
software can be found.
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You can select from crest factor measurement, ACLR measurement, or
composite EVM measurement (1). For editing the test setup, select (2). A

test editor as shown in figure 12 opens up.

]
TEST SET: |C:\Programme\RohdeSchwarzAH5DPA UE PA Test Software\Tests\HSDPA_UE_PAMUE_E.GDE_SET 3 2—
TEST GROUPS TEST CASES 1
HSDPA UE PA Tests ﬂ | + Crest Factor Measurement E g ﬂ
Test Caze Commands Common Commands Rezult Summary
EXECUTE  STAT welcome to the
Commands Power amplifier Demo Test software

{
Measurne [ -
Fun Complete Test
s = | This demo will give you 3 examples of HSDPA User
4 Equipment (UE) Power amplifier (PA) Tests.

R Step Mode

Simulation

Test Case Parameters

bc*15 +13

5

bd*15 +15
bhs*15 +15
Inter TTI Distance +3
Start Delay *286 chipz +1
DPDCH Symbaol Rate D15k

Test Case Instruments

1207 2005 1862 C:vProgrammehRohdetS chiwarh HSD P UE Pd Test S

Figure 11 - User Interface of GDE, Crest Factor measurement selected

The text editor allows to input values for Bc, Bd and Bhs (called bc, bd and
bhs in this program), which are then automatically converted to the correct
level setting in the SMU200A. Note that for simplicity all beta factors are
assumed to be relative to the amplitude factor 1/15 in this user interface.
This also reflects the gain factor settings requested for the test cases in
3GPP TS 34.121 [9]. However, for correctly determining the values, you
have to be aware that the beta factor of HS-DPCCH is defined relative to
the beta factor of DPCCH, see table 6. In case of no HS-DPCCH or no
DPDCH signal, insert bhs = 0 or bd = 0, respectively.
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Setting of
MNEED| FS|analyzer "~
NEED| SM|Generator BC, Bd
VARIABLE |bc|hc*l5|Is|0]13 Setting
WARIABLE | bd| bd*15|Is| 0|15 f Bh
VARIABLE | bhs | bhs*15|Is [0[15 of Bhs

VARIABLE|itt |Inter TTI Distance|Is|0|3
VARIABLE|STD|Start De1ag w256 chips|Is|0|1
WARIABLE| SRAT|DPDCH Symbol Rate|IsList|Dlok;D30k;060k;D120k; D24 0k; D480k I

BLOCK | Conf | Pre-configure| SEqQ
BLOCK |Meas |Measure| SEQ

conf|cCalculator | bhe=hc/ 15|
conf|calculator | bd=bd/15]|
conf|calculator |bhs=bhs 1
conf | Comment | ———-——————————————-

a]
a]
5

— o

conf|Calculator |DPCCH=0| DPCCH| IsdE__E

conf|Calculator |DPDCH=20%1og( (hd+0. 0001 ) /b)) |DPDCH| IsdE__B
cConf|Calculator | DPDCH_ON={DPDCH>=700| |IsState_DPDCH
conf|Calculator |[H5_DPCCH=20%1o0g( (hhs+0. 0001) /b)) | HS_DPCCH| IsdE__E
conf|Calculator |HS_DPCCH_ON={HS_DPCCH>-700 | | Isstate_HS_DPCCH

Conf | Comment | ——————————————————-

Conf|Calculator |Max_LEVEL=max{DPCCH; max (DPDCH; HS_DPCCH) ) [Max_LEVEL | IsdE_
caonf|Comment | ———————— e

conf|Calculator | DPDCH=DRDCH-MAX_LEVEL | DFDCH| IsdE__E
conf|Calculator | DPCCH=DPCCH-MAX_LEVEL | DPCCH| IsdE__E
conf|Calculator [HS_DPCCH=HS_DPCCH-MAX_LEVEL | HS_DPCCH| IsdE__B

< >
Figure 12 - Editing a test setup with the GDE

Besides beta factors, also inter TTI distance, start delay, and DPDCH
symbol rate can be set. The DPDCH symbol rate can be conveniently

selected in a list (figure 13).

Test Caze Parameters

b5 +13
bd*15 +15
bhs*15 +15
Inter TTI Distance +3
Start Delay *206 chips +44
DPOCH Spmbaol Rate
D30k —
DEDk: |
Test Caze Instry B;igt |
Instiument lsze | RST (D480 Errar
Analyzer 2IF |~ g?gggk -
Generator 2| F |~ o O o

Figure 13 - User Selection of DPDCH symbol rate

The test setup file can easily be customized to enable more settings, based
on the remote control commands for SMU200A and FSQ.
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When you have saved your settings, reload the test setup ((3) in figure 11),
pre-configure the instruments and do the measurement ((4) in figure 11).
The relevant test case parameters are displayed in the user interface ((5) in
figure 11).

HS-DPCCH Analysis with CMU200

The Radio Communication Tester CMU200 offers HS-DPCCH analysis
functionality in signaling and non-signaling mode. In signaling mode,
various parameters relevant for HS-DPCCH can be adjusted which are then
signaled by higher layers (RRC — Radio Resource Control) to the UE. The
UE accordingly configures its HS-DPCCH transmission. Figure 14 shows
the menu where gain factors Bc, pd and power offsets AACK, ANACK and
ACQI can be set according to the signaling values as given in tables 1 and

2 of this application note.

=

Connect
Control

B WCDMA oD Connection Control g PS: Attached C3:|  Registered
—Setup |UE Gain Factors |,6
* Measurement Settings
* |E Power Control
[~ UE Gain Factors Ro Ad AACK  ANACK  ACOl |
~EMC Compreszs]
Lplink 122 8 15
plink €4 5 15
Uplink 144 4 15
Uplink 364 4 15
Woice 1 15
~ideo
Uplink &4 9 15
~Packet Data
Uplink 64 9 15
SDPA Test Mode 11 15 &) 5 2z
Default Settings
Connection | Handowver UE Signal | BS Signal | Hetwork | AF/RF (} | SYNnc. | El |]

Figure 14 — Setting of gain factors in CMU200

As explained in chapter 2, the downlink DPCH frame offset (T_dpch_offset
in figure 5) directly influences the timing of the HS-DPCCH in relation to the
uplink DPCH frame boundary. The CMU200 allows to adjust the downlink
DPCH frame offset in multiples of 256 chips which will be signaled by RRC

to the UE. Figure 15 shows the menu for setting this parameter.

20 Rohde & Schwarz



HSDPA: Challenges for UE Power Amplifier Design

1MA84

Ch. 1 Band : Connect
WCDMAFDD I Code Domain Pwr. S é t Cont

Ch. 2 rol
E WCDMA.rop Connection Control [ PS: Attached CS:|  Registered
—Setup IDownIink Physical Channelss. . . | a
F-SCH -50 dB
S-5SCH -50 dB
P-CCFCH -20 u
S-CCRCH -20 u
S-CCPCH Channel Codle 2
FICH -50 o
FICH Channel Code &
AICH -50 o
AICH Channel Code 4]
DFDCH -70 o8
DFCH Channel Code 192
Poler Offset (DPCCHDPDCH) 00 o =
DL DPCH Timing Offset + 258 chip
Secondary Scrambl Code 0
Secondary Scrambl. Code (HSDPA)| 0

Cnnnecliunl Handover | UE Signal BS Signal | Hetwork | AFIRF@" Sync. |.- 2 II

Figure 15 — Setting of Downlink DPCH frame offset in CMU200

Note that a downlink DPCH frame offset of 0 chips results in an HS-DPCCH
timing of 1 symbol delay (corresponding to 1/10 of a time slot) compared to
the uplink DPCH slot boundary. A downlink DPCH frame offset of 1, 11,
21, ...* 256 chips will result in a slot alignment of uplink DPCH and HS-
DPCCH.

Different measurement possibilities exist for the HS-DPCCH, both in
signaling and non-signaling mode. An internal trigger can be generated
upon HS-DPCCH reception which can be used for triggering power,
spectrum, and modulation measurements. Individual trigger offsets can be
adjusted. Figure 16 shows a modified code domain display which allows to
estimate power levels of DPCCH, DPDCH and HS-DPCCH, as well as a
representation of the power of the 10 symbols contained in one HS-DPCCH

time slot. The measurement is done over one uplink DPCH time slot.

21 Rohde & Schwarz




HSDPA: Challenges for UE Power Amplifier Design

Balnd Code Doma

| WCDMA oo

dE  MaxLlevel Auto Low noise
Multiple Signal: DPCCH+DPDCH 1
Scr. Code: 0

FreqOffset + 0.000 kHz
SR 240
CC1:4

I Off

+0

1Ot |1

28

in Pwr. -
HSDPA

i I Off

&

Chan/Freg. 9612 /159224 MHz

Current

DPCCH  DPDCH1 DPDCH2 DPDCHI DPDCH4  DPDCHS  DPDCHE Hs-DPCCH
cur.| -29 [ N - 8.0 S
avg| -15 S U e - 20 [
CHRRIE] - 52 [ ®
win| -30 L] —— - - - o8
Errvecthagn- RMS 3
1@ Crigin Of fsat [@42.23 aB Statistic Count Slot Murmber
-25 uz | 100.00 % | -1858 dBm
HSDPCCH Qut Of Tolerance LIEPDwer

Connect
Control

CDPiCode
Manual

Appli-
cation

UE Signal
AnaSet.

BS Sig. Lvl.
HSDPA

BS Signal
Settings

Marker

Trigger

Trigger Trigger
Source Level Slope

Trigger

Trigger
Slot Dela Delay Offs.

Menus

Figure 16 — Analysis of HS-DPCCH power (per symbol over a
measurement interval of 1 UL DPCH time slot); HS-DPCCH with

ACK/NACK and CQI

In the measurement in figure 16, HS-DPCCH is not slot aligned with uplink
DPCH. The downlink DPCH frame offset is set to 0, so the HS-DPCCH
time slot starts one symbol later than the uplink DPCH slot. The HS-
DPCCH sub-frame in this example contains ACK/NACK and CQlI values.
Since different power values for AACK, ANACK and ACQI have been set,

one can see a power step within the measured slot. Figure 17 illustrates the

measurement principle

HS-DPCCH . HS-DPCCH HS-DPCCH
time slot carrying time slot carrying : time slot carrying Power level
P cal 3 ACK/NACK i cal determined by
D T g "!  AACK/ANACK
Power level Power level
determined by determined by
ACQI ACQI

| UL DPCH time slot = ;
i measurement interval;

Figure 17 — HS-DPCCH slot timing not aligned with uplink DPCH slot timing
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As another example, in figure 18, an HS-DPCCH sub-frame without an
ACK/NACK field (DTX) has been measured.

| WCDMA rop Ba:"d Code Domain Per- ‘ Connect

Control
dE  Maxlevel Auto Law noige Freqoffzet: + 0000 kHz ChanJ/Fredq.: 9612 M922.4 MHz CDPICode
Multiple Signal: DPCCH+DPDCH 1 SR 240
Ser. Code: 0 cCt 4 Manual
e § Off g - 1 Ot |2 A § Cff
10 Current Appli-
cation
=20
_30 N
Trigger
-40 Ana. Lev. Il
-50

DPCCH DPDCH1 DPDCHZ DPDCH3 DPDCH4 DPDCHS  DPDCHE HS-DPCCH ]
UE Signal

our| -0 1 BEEN] — - — — CQIP gg | fnaset |
Avg| -08 - T 7 7t mmm [AGK) ——- (OB Ba Sig. Lvl.
man| -0.1 S dB HEDPA
win| -13EEE] - - - e - & | BgSignal

Settings
ErrectMagn- RMS I 0 —
IIQOrigin Offset G|37.75 dB Statistic Count Slot Murnber Marker
& Trigger Source -17 Hz | 100.00 % | -2124 dgm
HSDPCCH Out Of Tolerance LIEPower

Trigger Trigger | Trigger Trigger Trigger Menus
Source Level Slope Slot Delay| Delay Offs.

Figure 18 — Analysis of HS-DPCCH power (per symbol over a
measurement interval of 1 UL DPCH time slot), no ACK/NACK field

The timing of the HS-DPCCH and the measurement interval is still as in
figure 17, but this time, the ACK/NACK field of HS-DPCCH is blanked.

Figure 19 shows an EVM measurement of a signal containing HS-DPCCH.

[ WCDMA rop Bﬁ"d Modulation o : Connect

Control
% MaxLevel: Auto Low noize Freq.Offset: + 0000 kHz ChantFreg. 9612 /19224 MHz EVM
Multiple Signal: DPCCH+DPDCH 1 SR 240
Scr. Code: 0 CC Mode: Manual  CC1:4 WCDMA
o5 @ - i Off 9 - i Off B i Off
Current "
Applic. 1
Il 2

i 00 1,000 1,500 2,000 2,500 UEAer_g;_I
Current Average hdaz i,
Err.Mect. Magn.—[ Peak 128 % . I 5 BS Sig. Lyl.
RMS 45 % 572 % 10.2 % Siothumber - HSDPA |
11 Oigin Offset -3993 s -3884d8 -3543as | -2025 dBm BS Signal
Cartier Frequency Errar 3 Hz 2 Hz =49 Hz HEPower Settings
Peak Code Dom. Error | -31.38 a8 -30.15d8 -26.28 aB o lll
Statistic Count
_ ] Marker
B Trigger Source | 70.00 %
HSDPCCH Out of Tolerance

Trigger Trigger Trigger Trigger Trigger Menus
Source Level Slope! Slot Delay| Delay Offs.

Figure 19 — EVM Measurement of a signal containing HS-DPCCH
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6 Investigation of HS-DPCCH Signal Characteristics

1MA84

Let us now investigate by means of some examples how the setting of gain
factor combinations affects the characteristics of the HS-DPCCH signal.

Figure 20 shows the CCDF of an example reference signal without HS-
DPCCH and with gain factors Bc/pd = 8/15. The signal contains 1 DPDCH
(channelization code 64 of SF 64). The crest factor of this signal is 3.56 dB.

The measurement has been made with the FSQ.

RBW 10 MHz

Ref 5 dBm * Att 10 dB AQT 62.5 ms

0t | A |
~0.01 \\

=1E-3 \

—1E-4 \

=1E-5 \

Center 2.12 GHz 2 dB/ Mean Pwr + 20 dB

Complementary Cumulative Distribution Function

Samples

Mean
Peak
Crest

1000000

Trace 1
-2.72 dBm
0.84 dBm
3.56 dB

Figure 20 - Crest factor for gc/pd = 8/15, no HS-DPCCH

For comparison, an HS-DPCCH is added to this signal, and Bc/pd/ghs =
15/8/15 is selected. HS-DPCCH is assumed to be time aligned to uplink
DPCCH (parameter start delay = 0), and Inter TTI distance of 3 is selected.

Figure 21 shows the resulting CCDF measured with FSQ. The crest factor
has increased to 6.81 dB.
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®

RBW 10 MHz

Ref 5 dBm * Att 10 dB AQT 62.5 ms
o -
—0.01 \
CLRWR| \
—1E-3
—1E-4 \\
—1E-5 \
Center 2.12 GHz 2 dB/ Mean Pwr + 20 dB
Complementary Cumulative Distribution Function
Samples 1000000
Trace 1
Mean -2.80 dBm
Peak 4.02 dBm
Crest 6.81 dB
Figure 21 - Crest factor for fc/pd/phs = 15/8/15
Obviously, the crest factor depends on a variety of parameters, and the
DUT needs to be tested with a number of different configurations. It must
be verified that different signal configurations are supported and
specification requirements are met.
As shown in chapter 4, 3GPP TS 34.121 [9] requires to perform transmitter
test cases for different gain factor combinations. In order to indicate signal
characteristics for these sub-tests, the measured crest factors are listed for
these signals in table 7.
Note that a DPDCH with SF 64, channelization code 64, has been chosen.
Inter TTI distance is equal to 3, and start delay is equal to 0.
Table 7 - Crest Factors for different gain factor combinations
Sub-Test pc pd phs Crest Factor | Crest Factor
[dB] [dB]
Inter-TTI=1 | Inter-TT| =3
1 1/15 15/15 2/15 3.53 3.55
2 12/15 15/15 24/15 4.58 6.87
3 13/15 15/15 26/15 4.72 7.04
4 15/15 8/15 30/15 4.86 7.94
5 15/15 7/15 30/15 4.86 7.95
6 15/15 off 30/15 3.52 6.83
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7 Outlook on High Speed Uplink Packet Access

High Speed Uplink Packet Access (HSUPA) is a 3GPP release 6 feature for
UMTS FDD mode, enabling uplink data rates of up to 5.76 Mbps. Main
features are the introduction of an uplink scheduler in the Node B and of an
Hybrid ARQ scheme for the uplink. The transmission time interval of 2 ms
in uplink is introduced as UE capability; support of 10 ms transmission time

interval is mandatory.

A new Enhanced Dedicated Channel (E-DCH) is introduced for HSUPA. It

consists of 2 components:

e E-DPDCH (E-DCH Dedicated Physical Data Channel, SF 2...64) for

carrying high speed user data

e E-DPCCH (E-DCH Dedicated Physical Control Channel, SF 256) for
carrying retransmission sequence number (RSN), E-TFCI and

scheduling information

Gain factors Bec and Ped are defined for E-DPCCH and E-DPDCH,
respectively [10, 11]. They are used for weighting E-DPCCH and E-
DPDCH(s) independently, see figure 22.

Ced, 1 Bed,1 10ed,1

E-DPDCH; % % %

Ced,k Bedk 1Qed,k

E-DPDCH % % %

Ced,K Bedk iQed,k

E-DPDCH % % %

Cec Bec iqu

E-DPCCH % % %

Figure 22 - Spreading for E-DPDCH / E-DPCCH

2

Se-dpch
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Due to these new uplink channels, PAR is increased even more compared
to an HSDPA signal. Thus, HSUPA will significantly impact UE power
amplifier design. Work on test specifications is currently ongoing. A new
generic metric has been introduced for determining the allowed UE

maximum output power reduction in the presence of HSUPA channels.
Cubic Metric

Practical experience gained in HSDPA has shown that PAR increase of a
signal cannot be mapped 1-to-1 in dB to the required power back-off. With
the new uplink channels in HSUPA, this issue has become even more
crucial [12, 13]. Therefore, the cubic metric of a signal has been introduced
in release 6 specifications as a more accurate measure for predicting the
reduction in power capability of an amplifier [14]. It helps to reflect different
physical channel configurations (number of codes, modulation, gain factor

combinations, ...).

The cubic metric (CM) is based on the UE transmit channel configuration
and defined as the power of a cubed signal under test with normalized rms
level relative to the power of a cubed release 99 reference signal with

normalized rms level:
CM = [20 * 1ogl0 ((v_norm”) ;,) — 20 * log10 ((v_norm_ref?) ..)]/ 1.85

where

e v_norm is the normalized voltage waveform of the input signal

e v_norm_ref is the normalized voltage waveform of the reference signal
(12.2 kbps AMR Speech)

e 1.85is an empirical factor

Background for the cubic metric is the fact that the main cause of ACLR is

the third order nonlinearity of the power amplifier’s gain characteristic.

Based on the cubic metric, the maximum power reduction (MPR) for signals
with HS-DPCCH and E-DCH is derived. Table 8 shows the MPR in case E-
DCH or HS-DPCCH are fully or partially transmitted during a DPCCH

timeslot.

Table 8 UE maximum output power with HS-DPCCH and E-DCH

UE transmit channel configuration CM {dB) MPF. {d1B)

For all combinations of, DPDCH, DPCCH, HS-
DPCCH, E-DPDCH and E-DPCCH 0= CM=3.0 | MAXICHM1,T)

Mote 1. CM=1 for pfpa=1215, pfpe=24114. Far all other combinations of DPDCH,
DPCCH, HE-DPCCH, E-DPDCH and E-DPCCHthe MPR is based on the relative
M difference.

MHote 20 The impact of 1dB power control granularity is FFS.
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3GPP
ACK
ACLR
AMR
CCDF

CM

cal
DPCCH
DPCH
DPDCH
DTX

DUT
E-DPCCH
E-DCH
E-DPDCH
E-TFCI
EVM

FDD
HARQ
HSDPA
HS-DPCCH
HS-PDSCH
HS-SCCH
HSUPA
MPR
NACK
NAS

PAR

3rd Generation Partnership Project
Acknowledgement

Adjacent Channel Leakage Ratio

Adaptive Multirate Codec

Complementary Cumulative Distribution Function
Cubic Metric

Channel Quality Indicator

Dedicated Physical Control Channel

Dedicated Physical Channel

Dedicated Physical Data Channel
Discontinuous Transmission

Device under Test

E-DCH Dedicated Physical Control Channel
Enhanced Dedicated Channel

E-DCH Dedicated Physical Data Channel
E-DCH Transport Format Combination Indicator
Error Vector Magnitude

Frequency Division Duplex

Hybrid Automatic Repeat Request

High Speed Downlink Packet Access

High Speed Dedicated Physical Control Channel
High Speed Physical Downlink Shared Channel
High Speed Shared Control Channel

High Speed Uplink Packet Access

Maximum Power Reduction

Negative Acknowledgement

Non-Access Stratum

Peak-to-Average Ratio
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P-CCPCH Primary Common Control Physical Channel

RRC Radio Resource Control

RSN Retransmission Sequence Number

SF Spreading Factor

TS Technical Specification

TTI Transmission Time Interval

UE User Equipment

UMTS Universal Mobile Telecommunications System
WCDMA Wideband Code Division Multiple Access

9 Additional Information
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11 Ordering information

1MA84

Vector Signal Generator

R&S® SMU200A
R&S® SMU-B102

R&S® SMU-B103

R&S® SMU-B104
R&S® SMU-B106
R&S® SMU-B202
R&S® SMU-B203
R&S® SMU-B10
R&S® SMU-B11
R&S® SMU-B13
R&S® SMU-K42
R&S® SMU-K43
R&S® SMU-K20
R&S® SMJ100A
R&S® SMJ-B103
R&S® SMJ-B106
R&S® SMJ-B10
R&S® SMJ-B11
R&S® SMJ-B13
R&S® SMJ-K42

R&S® SMJ-K43
R&S® SMJ-K20

R&S® SMATE200A
R&S® SMATE-B103

R&S® SMATE-B106

R&S® SMATE-B203

R&S® SMATE-B206

R&S® SMATE-B10

R&S® SMATE-B11

R&S® SMATE-B13

Frequency range 100 KHz to 2.2GHz for
1st RF Path

Frequency range 100 KHz to 3GHz for
1st RF Path

Frequency range 100 KHz to 4GHz for

1st RF Path

Frequency range 100 KHz to 6 GHz for

1st RF Path

Frequency range 100 KHz to 2.2 GHz for

2nd RF Path

Frequency range 100 KHz to 3 GHz for

2nd RF Path

Baseband Generator with digital modulation
(realtime) and ARB (64MSamples)

Baseband Generator with digital modulation
(realtime) and ARB (16MSamples)

Baseband Main Module

Digital Standard 3GPP FDD

3GPP FDD Enhanced MS/BS Tests incl. HSDPA
3GPP FDD incl. HSDPA for WinlQSIM

Frequency range 100 kHz - 3 GHz

Frequency range 100 kHz - 6 GHz

Baseband Generator with digital modulation
(realtime) and ARB (64MSamples)

Baseband Generator with digital modulation
(realtime) and ARB (16MSamples)

Baseband Main Module

Digital Standard 3GPP FDD

3GPP FDD Enhanced MS/BS Tests incl. HSDPA
3GPP FDD incl. HSDPA for WinlQSIM

Frequency range 100 KHz to 3 GHz for

1st RF Path

Frequency range 100 KHz to 6 GHz for

1st RF Path

Frequency range 100 KHz to 3 GHz for

2nd RF Path

Frequency range 100 kHz - 6 GHz for

2nd RF path

Baseband Generator with digital modulation
(realtime) and ARB (64MSamples)

Baseband Generator with digital modulation
(realtime) and ARB (16MSamples)

Baseband Main Module

1141.2005.02
1141.8503.02

1141.8603.02

1141.8703.02
1141.8803.02
1141.9400.02
1141.9500.02
1141.7007.02
1159.8411.02
1141.8003.02
1160.7909.02
1160.9660.02
1160.9460.02
1403.4507.02
1403.8502.02
1403.8702.02
1403.8902.02
1403.9009.02
1403.9109.02
1404.0405.02
1404.0505.02
1404.0205.02

1400.7005.02
1401.1000.02

1401.1200.02

1401.1400.02

1401.1600.02

1401.2707.02

1401.2807.02

1401.2907.02
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R&S® SMATE-K42 Digital Standard 3GPP FDD
R&S® SMATE-K43 3GPP FDD Enhanced MS/BS Tests incl. HSDPA
R&S® SMATE-K20 3GPP FDD incl. HSDPA for WinlQSIM

Signal Analyzers, Spectrum Analyzers and Options

R&S® FSP3 9 kHz to 3 GHz
R&S® FSP7 9kHz to 7 GHz
R&S® FSP13 9 kHz to 13 GHz
R&S® FSP30 9 kHz to 30 GHz
R&S® FSP40 9 kHz to 40 GHz
R&S® FSQ3 20 Hz to 3.6 GHz
R&S® FSQ8 20 Hz to 8 GHz
R&S® FSQ26 20 Hz to 26,5 GHz
R&S® FSQ40 20 Hz to 40 GHz
R&S® FSU3 20 Hz to 3.6 GHz
R&S® FSU8 20 Hz to 8 GHz
R&S® FSU26 20 Hz to 26.5 GHz
R&S® FSU46 20 Hz to 46 GHz
R&S® FSU50 20 Hz to 50 GHz
R&S® FS-K73 Application Firmware 3GPP-FDD UE Transmitter

Test for FSMR, FSP, FSU, FSQ
Universal Radio Communication Tester (UE)

R&S® CMU200

R&S®CMU-B68var02 HW-option for CMU200
layer 1-board (3GPP/FDD, DL+UL)

R&S®CMU-B21var54 HW-option for CMU200/300:
(GSM/GPRS/EDGE)

R&S® CMU-B56 HW-option for CMU200: WCDMA and data E2E
for CMU-B21/var. 14

R&S® CMU-PK60 Software option for CMU200:
WCDMA-Sig.: 3GPP/FDD/UE, TX-test
generator, band 1+2+3+4+5+6

R&S® CMU-K64 SW-option for CMU200: HSDPA 3GPP

ROHDE&SCHWARZ

1404.5207.02
1404.5307.02
1404.6603.02

1164.4391.03
1164.4391.07
1164.4391.13
1164.4391.30
1164.4391.40

1155.5001.03
1155.5001.08
1155.5001.26
1155.5001.40

1166.1660.03
1166.1660.08
1166.1660.26
1166.1660.46
1166.1660.50

1154.7252.02

1100.0008.02
1149.9809.02

1100.5200.54

1150.1850.14

1159.3355.02

1157.3970.02

ROHDE & SCHWARZ GmbH & Co. KG " Mihldorfstrale 15 " D-81671 Minchen " P.O.B 80 14 69 - D-81614 Miinchen -

Telephone +49 89 4129 -0 * Fax +49 89 4129 - 13777 " Internet: http://www.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.
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