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Introductory Note

1 Introductory Note

The following abbreviations are used in this application note for Rohde & Schwarz
products:

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

The R&S®SMU200A vector signal generator is referred to as SMU

The R&S®SMATE200A vector signal generator is referred to as SMATE

The R&S®SMBV100A vector signal generator is referred to as SMBV

The R&S®SMJ100A vector signal generator is referred to as SMJ

The R&S®AMU200A baseband signal generator and fading simulator is

referred to as AMU

The R&S®AFQ100A I/Q modulation generator is referred to as AFQ A

e The R&S®AFQ1008 UWB signal and 1/Q modulation generator is referred to as
AFQ B

e The AFQ A and the AFQ B are also referred to as AFQ, if the differentiation is

not important

The R&S®SGS100A SGMA RF source is referred to as SGS

The R&S®WinIQSIM2™ simulation software is referred to as WinIQSIM2

The R&S®FSW signal and spectrum analyzer is referred to as FSW

The R&S®SMW200A , R&S®SMU200A, R&S®SMATE200A, R&S®SMBV100A

and R&S®SMJ100A are collectively referred to as SMx

The WLAN IEEE 802.11ac standard is referred to as WLAN 11ac or 802.11ac.

2 Introduction

Rohde & Schwarz signal generators can generate standard-compliant, fully coded
WLAN 11ac signals up to 160 MHz bandwidth with excellent EVM performance. This
application note demonstrates the generator test solutions (section 3) and explains
step-by-step how to configure a test signal (section 4). Several measurements are
presented in this application note to illustrate EVM performance and to explain how the
signal quality can be optimized for certain setups (sections 5 and 6).

For technical background on the WLAN 11ac standard, see the “802.11ac Technology
Introduction” white paper (1IMA192).
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WLAN 11ac Test Setup

3 WLAN 11ac Test Setup

3.1 Overview

The 802.11ac standard supports higher data rates and wider RF signal bandwidths
than its predecessor standards. Besides 20 MHz and 40 MHz channels (as used in the
802.11n standard), the 802.11ac standard also supports 80 MHz, 80 MHz + 80 MHz
and 160 MHz channels. For the 80 MHz + 80 MHz channel, two transmission modes
are possible: contiguous mode and noncontiguous mode. The table below summarizes
and illustrates the different 802.11ac bandwidths.

The application relevant Rohde & Schwarz signal generators support the following RF
bandwidths:

Overview of Rohde & Schwarz signal generators for WLAN 802.11ac applications

Instrument Generator type Maximum RF bandwidth Maximum RF frequency
SMW RF vector signal generator 160 MHz (internal 1/Q) 6 GHz (first RF path)
2000 MHz (external I/Q upconversion)* 6 GHz (second RF path)
SMU RF vector signal generator 80 MHz (internal 1/Q) 6 GHz (first RF path)
200 MHz (external 1/Q upconversion) 3 GHz (second RF path)
SMATE RF vector signal generator 80 MHz (internal 1/Q) 6 GHz (first RF path)
200 MHz (external 1/Q upconversion) 6 GHz (second RF path)
SMJ RF vector signal generator 80 MHz (internal 1/Q) 6 GHz
200 MHz (external I/Q upconversion)
SMBV RF vector signal generator 160 MHz (internal 1/Q) 6 GHz
528 MHz (external I/Q upconversion)
AFQA Baseband signal generator 200 MHz (internal 1/Q) -
AFQB Baseband signal generator 528 MHz (internal 1/Q) -
SGS RF signal generator 1000 MHz (external I/Q upconversion) 6 GHz
The SMU and SMATE have a two-path architecture that effectively combines two
complete vector signal generators in a single instrument. The SMW is even more
powerful and has a multi-path architecture with two RF outputs.
! RF frequency dependent value. See SMW data sheet for details.
1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 5



WLAN 11ac Test Setup

path A

path B

RFA RFB

The SMU can be equipped with a 2.2 GHz, 3 GHz, 4 GHz or 6 GHz RF path and a
second 2.2 GHz or 3 GHz RF path. The SMW and SMATE can be equipped with a
3 GHz or 6 GHz RF path and a second 3 GHz or 6 GHz RF path.

All RF signal generators listed in the above table can be used for upconversion of

external 1/Q signals.

The following table summarizes and illustrates the different 802.11ac channels and the
required instruments for standard-compliant WLAN 11ac RF signal generation.

WLAN 802.11ac bandwidths and generator solutions

Channel bandwidth Channel bandwidth illustration Required instruments for RF signal generation

20 MHz one SMx
or one AFQ + upconverter (e.g. SGS)
f
40 MHz one SMx
or one AFQ + upconverter (e.g. SGS)
f
80 MHz one SMx
or one AFQ + upconverter (e.g. SGS)
f

80 MHz + 80 MHz one SMW (one-path)

or one SMBV

or one SMATE (two-path)
or two SMJs

contiguous mode

or one AFQ + upconverter (e.g. SGS)

80 MHz + 80 MHz one SMW (two-path)

noncontiguous mode or one SMATE (two-path)
or two SMBVs/SMJs
» f

(or one AFQ B + upconverter (SGS or SMBV))

160 MHz one SMW (one-path)

or one SMBV

> or one AFQ + upconverter (e.g. SGS)

1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 6



WLAN 11ac Test Setup

Instrument recommendations

Mid-range:

To cover the 20/40/80/160 MHz and 80+80 MHz (contiguous) channel bandwidths, the
recommended solution is:
One SMBYV 6 GHz signal generator.

To cover the 20/40/80/160 MHz and 80+80 MHz (noncontiguous) channel bandwidths,
the recommended solution is:
Two SMBYV 6 GHz signal generators.

=060

High-end:

To cover all channel bandwidths (20/40/80/160 MHz, contiguous and noncontiguous
80+80 MHz), the recommended solution is:
One SMW 6 GHz signal generator (two RF paths).

1GP94_1E
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WLAN 11ac Test Setup

3.2 Setups

This section shows some examples of setups for WLAN 11lac signal generation. Note,
however, that not all possible instrument setups are shown. For a complete overview,
refer to the “WLAN 802.11ac bandwidths and generator solutions” table in the previous
section.

3.2.1 20 MHz, 40 MHz, 80 MHz, 160 MHz Channels

SMBV and SMW

A single SMBV or SMW can generate 802.11ac signals with 20 MHz, 40 MHz, 80 MHz,
80 MHz + 80 MHz (contiguous), and 160 MHz channel bandwidths.

AFQ A and B

802.11ac signals with 20 MHz, 40 MHz, 80 MHz, 80 MHz + 80 MHz, and 160 MHz
channel bandwidths can be generated using a combination of AFQ A or B and SGS.

The AFQ generates the 802.11ac signal and the SGS upconverts the analog I/Q
baseband signal to the RF. The SGS is small, cost-efficient and offers outstanding
signal quality. It is therefore the perfect match for the AFQ. (However, other RF vector
signal generators could be used as well for upconversion.)

TR

10 MHz |
reference

Note that there is a bandwidth limitation of 528 MHz for generating the noncontiguous
80 MHz + 80 MHz channel.

As a general rule, to connect the AFQ to the upconverter, use cables of the same type
that are exactly equal in length. This is important, since otherwise a delay between the
| and the Q signal is introduced, which degrades signal quality significantly.
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WLAN 11ac Test Setup

Since the AFQ has no display, the instrument is controlled via a standard remote
desktop connection from a PC (see reference [1] for details). The SGS has no display
and is controlled via the SGMA GUI software running on a PC.

To obtain the correct RF output power at the SGS, the following settings are important.
The SGS expects an input amplitude of 500 mV peak at its analog I/Q input. The
corresponding analog I/Q output amplitude settings of the AFQ are shown in the
following table:

AFQ analog I/Q output amplitude settings

AFQ A AFQ B Display

1000 mV (balanced output) 1000 mV (balanced output) Amplitude| 1000 m

with bias amplifier enabled

Enable Bias ¥ on
500 mV (unbalanced output) Amp"mdemm

The crest factor of the ARB waveform is displayed in the header of the AFQ.
Waveform 802.11ac_160MHZ| rowe | 11.63 [uo -

This crest factor needs to be entered in the SGS. The 1/Q Settings menu of the SGS
contains a corresponding parameter.

4 SGS: 1/Q Settings = E=3
Impairments

State [~ on

1 Offset | 0.00 |% |

0 Offset | 0.00 |% |

Gain Imbalance | 0.000 [dB =]

Quadrature Offset | 0.00 |tleg =]

Analog Wideband 1/Q Input

Wideband [~ on

rest Factor | 11.6 |dB =]

Since the signal is fed in from external and is thus unknown to the SGS, the user
needs to provide information about the crest factor of the input signal. The SGS can
determine the RMS level of the signal from the peak amplitude (500 mV expected) and
the entered crest factor value. This enables the instrument to level its RF output
correctly which is important if the channel power of the WLAN 11ac signal is to be
measured.
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WLAN 11ac Test Setup

3.2.2 80 MHz + 80 MHz Noncontiguous Channels

To generate the 80 MHz + 80 MHz noncontiguous channels, two SMBVs can be used.
Each SMBV generates one 80 MHz signal with appropriate RF frequency. The two RF
output signals are added using a suitable RF combiner. To ensure that signal
generation starts synchronously in both instruments, the SMBV master-slave setup is
used.

Baseband clock o ) Sync master
+ trigger -
- f1
CLK OUT " |
|
|
» f f1 f2
Sync slave
CLK IN

/4'\ 80 MHz + 80 MHz
| non-contiguous
|
— - f

80 MHz

One SMBV acts as master instrument and supplies all necessary synchronization
signals to the slave instrument via just two connection cables. The master-slave setup
is simple, easy to configure and provides highly synchronized test signals. It is
described in detail in the application note “Time Synchronous Signals with Multiple
R&S SMBV100A Vector Signal Generators” (1GP84).

To obtain the desired RF power at the combiner output, the following points should be
taken into account. Adding two signals with equal RF levels theoretically increases the
signal level at the output by 3 dB. However most combiners exhibit a specified loss
(typically 3 dB for hybrid and 6 dB for resistive combiners) that reduces the theoretical
signal level.

Alternatively, a two-path SMW can be used to generate the 80 MHz + 80 MHz
noncontiguous channels. Each RF path generates one 80 MHz signal with appropriate
RF frequency. The two RF output signals are added using a suitable RF combiner. To
ensure that signal generation starts synchronously in both basebands, baseband A is
used to trigger baseband B.

f1
I
I
I
» f f1 f2
f2 f
/4'\ 80 MHz + 80 MHz
| non-contiguous
I
—p f
80 MHz
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WLAN 11ac Test Setup

To synchronize both basebands, the following trigger settings are needed on the SMW:

I:,i,?g;; In {Marker I gtlgg;, I Frame Blocksl

Mode Baseband A Armed Auto H

l@ Execute Trigger ] Stopped

Source Internal H

;:Eg:;;n [ Marker T g:;.f:: T Frame Blocks 1

Mode Armed Retrigger H
Stopped

Baseband B i
Source Internal (Baseband A) H

To actually start both basebands simultaneously, click the “Execute Trigger” button in
baseband A.

1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 11
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Data

PHY Padding
Scrambler

4 Signal Configuration

4.1 Overview

Encoder Parser

FEC Encoder

FEC Encoder

Rohde & Schwarz signal generators can generate standard-compliant WLAN 802.11ac
signals with excellent EVM performance (see section 5). The corresponding options
are listed in the following table:

Options for WLAN IEEE 802.11ac

Instrument Internal option Prerequisite WinlQSIM2 option | Prerequisite
internal option WinlQSIM2 option

SMW SMW-K86 SMW-K54 SMW-K286 SMW-K254

SMU SMU-K86 SMU-K54 SMU-K286 SMU-K254

SMATE SMATE-K86 SMATE-K54

AMU AMU-K86 AMU-K54 AMU-K286 AMU-K254

SMBV SMBV-K86 SMBV-K54 SMBV-K286 SMBV-K254

SMJ SMJ-K86 SMJ-K54 SMJ-K286 SMJ-K254

AFQ AFQ-K286 AFQ-K254

The K86 (802.11ac) and K54 (802.11n) options are needed to generate WLAN
802.11ac signals via the instrument’s internal baseband generators. In order to play
back WLAN 802.11ac ARB waveforms generated with the WinlQSIM2 software, the
K286 (802.11ac) and K254 (802.11n) options are needed.

For generating 160 MHz channels, the SMW and the SMBV need the K522 baseband
extension (to 160 MHz RF bandwidth) option.

The following block diagram shows the signal generation chain as implemented in the
Rohde & Schwarz signal generators. This diagram serves as a guideline for the
following sections.

I
I
|
|
1 1)
Insert GI | <
) BCC Constellation | ) - OFT fgp| and (| B
Interleaver mapper - > Window | | ;‘
|
o RF up-
| =l e i RF A
BCC Constellation | ©SD per N Insert GI i 3 [ conversion >
= i =3 o =P IDFT and o I
i’: Interleaver mapper 3TS g_ Window | - |
8 2 g = N RF B
= = = g conversion
© %] © 1 L |
g H -
o o | |
N =N .
1 o |==Pw File dump
| %_ |
- Insert GI | foy |
> BCC »| Consteliation | N CSD per IS
o | —} IDFT —> d —I-» |
Interleaver mapper STS W;:jow : = :
I I
I |
L — — =1
. ~ J v J : :
Spatial streams Space-time streams Tx antenna Txor Rx

signals  antenna signals
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Signal Configuration

Signals are generated in multiple steps. First, the user data is scrambled, encoded and
distributed to up to eight spatial streams. Each spatial stream is interleaved, and an
individual modulation mapping (BPSK, QPSK, 16QAM, 64QAM, 256 QAM) is applied.
Afterwards, space time block coding (STBC) is optionally applied for adding
redundancy. Out of two spatial streams, for example, four space time streams can be
generated using STBC, which makes the transmission more robust. After applying a
cyclic shift to the space time streams for decorrelation, the space time streams are
subject to spatial mapping. Spatial mapping can be interpreted as the distribution of the
precoded data bits onto the different OFDM carriers. In the real world, a WLAN 11lac
transmitter tries to optimize the spatial mapping depending on the channel conditions
by means of the channel sounding information received. Therefore, there is a spatial
mapping matrix for every OFDM carrier. Additionally, spatial expansion is possible,
which means that, for example, three space time streams can be effectively distributed
to e.g. 4 Tx antennas. Each Tx signal is derived by applying a spatial mapping matrix
to the space time streams, performing an inverse discrete Fourier transformation
(IDFT), and adding a guard interval. The Tx antenna signals are then mapped to the
baseband output. It is possible to map either a single Tx signal or multiple Tx signals to
the baseband output. The next step is the upconversion of the baseband signal to the
RF. Depending on the mapping, either a Tx signal or an Rx signal (i.e. multiple
superimposed Tx signals) is output as RF signal.

4.2 Configuring a WLAN11ac Signal

4.2.1 Basic Settings

To generate a WLAN 11ac signal, first select the transmission bandwidth, e.g.
160 MHz, in the WLAN main menu.

4% IEEE 80211 WLAN E|§|g|
State Off |
Set To Default | Save Recall... |
Data List Management... | Generate Waveform File... |
ITransmission Bandwidth |160 MHz J
Transmit Antennas Setup... | TX Antennas = 2
Frame Block Configuration... |

Click the “Transmit Antennas Setup...” button to open the TX Antenna Setup menu.
Set the “Antennas” parameter to the desired number of Tx antenna signals to be
generated.

'@’ IEEE 802.11 WLAN : TX Antenna Setup

ntennas

1GP94 1E
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Signal Configuration

4.2.2 Frame Block Configuration

In the main menu, click the “Frame Block Configuration...” button. In the Frame Blocks
Configuration menu, the user can define the very high throughput (VHT) channel to
use, e.g. the VHT 160 MHz channel. The entry for “Physical Mode” must be set to
“Mixed Mode” (default setting). The user can also select the number of frames to be
generated and the idle time.

E - [E[)|
= Legacy
& [Mixed Mode
= [Green Field
Sounding
—_— s ———
Physical Idle Time DList / Boost Data Rate =
Tvpe Mode Tx Mode Frames - Data i B / PPDU Mbps m
1= Data Mixed Mode VHT-160MH:|Z| 1 0.100 PN 9 l].lh Config... 117.00
HT-20MHz
HT-40MHz ~—
HT-Duplicate
HT-Upper
HT-Lower
VHT-20MHz
VHT-40MHz
VHT-80MHz

VHT-20+80MHz

4.2.3 PPDU Configuration for Frame Block

Click “Config...” in the Frame Blocks Configuration table to open the PPDU
Configuration menu.

4.2.3.1 Stream Settings

This section briefly describes the settings needed to configure the highlighted part of
the signal generation chain:

BCC Constellation |
Interleaver mapper
BCC Constellation Ly
§ Interleaver mapper
g 2
& 5
£
o
BCC 3 Constellation
-->| Interleaver mapper I"> =
. J
Y

Spatial streams Space-time streams

The scrambled and encoded data is distributed to one, two, three, four, five, six, seven
or eight spatial streams.

1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 14



Signal Configuration

Space time block coding (STBC) is optionally applied for adding redundancy. Out of
two spatial streams, for example, three or four space time streams can be generated
using STBC, which makes the transmission more robust.

Select the number of spatial streams that shall be generated. The maximum number
that can be entered depends on the selected number of Tx antennas (configured in
section 4.2.1). Select the number of space time streams that shall be generated. The
number that can be entered is equal to or greater than the number of spatial streams.
The maximum number depends on the selected number of Tx antennas. If the entered
number of space time streams is greater than the number of spatial streams, STBC is
automatically applied.

4% |EEE B02.11 WLAN : PPDU Configuration for Frame Block 1

s|sileiz|oielz|E
B EEE
= HEEEHHEEE
=3 =

Stream Settings

I 2 Nuhli User MINMO
I 4 Space Time Block Coding

[~ on

(=

Spatial Streams

Space Time Streams

4.2.3.2 Modulation and Coding Scheme

This section briefly describes the settings needed to configure the following part of the
signal generation chain:

Data

o
£
z
-
@
a
>
I
=t

Scrambler

Encoder Parser

FEC Encoder

Stream Parser

-
-

=

Constellation
mapper

BCC
Interleaver

BCC
Interleaver

Constellation
mapper

BCC

Interleaver

|_>|

Constellation
mapper

I

STBC

FEC Encoder

A
Spatial streams

Choose a modulation and coding scheme (MCS). All related parameters are set
automatically. Alternatively, you can select the modulation type (BPSK, QPSK,
16QAM, 64QAM, 256QAM) to be applied to the spatial streams. The binary
convolution coding (BCC) is enabled by default. Low density parity check (LDPC)
coding is also supported. Depending on the selected MCS, the number of forward error
correction (FEC) encoders to use is set automatically.
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Signal Configuration

Modulation and Coding Scheme
[ 9 - Data Rate 1560.00 Mbps / Bits per Symbaol 6240

Stream 1 IZEBOAM 'I Stream 2 |2560AM 'I Stream 3 2560AM ~ | Stream 4 2560AM ~
Stream 5 IZSEQAM 'I Stream 6 |256QAM 'I Stream 7 IZSEQAM 'I Stream 8 IZSEQAM 'I

Ch. Codin BCC - (Encoders i3 5 'I Cod Rate |5.-'l5 'I Guard ILon 'I
‘\ Y !

4.2.3.3 Data Settings

This section briefly describes the settings needed to configure the highlighted part of
the signal generation chain:

FEC Encoder

B BCC Constellation
Interleaver mapper
BCC Constellation
[ ->| Interleaver "->| mapper ) )

Data
Scrambler
Encoder Parser
Stream Parser

STBC

PHY Padding

BCC Constellation ) 3
3 ->| Interleaver "-»| mapper

FEC Encoder

V
Spatial streams

You can define the size of the data field or alternatively the number of data symbols.
The scrambler uses either a fixed, selectable initialization value or a random
initialization value that is different for each frame. The interleaver is enabled by default.

Data Settings
Data Length | 1024 | bytes ~| Number Of Data Symbols | 2
Scrambler |On {User Init) j Scrambler Init (hex) |01
Ch. Bandwidth in Non HT |Not present j [yn. Bandwidth in Non HT |Nut present j
Interleaver Active ¥ On  Service Field (hex} |l]l]l]l]
Time Domain Windowing Active [T On Transition Time | 13| ns j

1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 16



Signal Configuration

4.2.4 Spatial Mapping for Frame Block

This section briefly describes the settings needed to configure the highlighted part of
the signal generation chain:

Insert GI

>| - | IDFT | and

Window

Insert GI
== DFT = and

Window

> CSD per [
sTsS >

STBC
Spatial Mapping

Insert GI
Ly CSPRer iyl Ll oFr [—p| ana
8TS Window

%,—}

Space-time streams

Tx antenna
signals

Spatial mapping can be interpreted as the distribution of the precoded data bits onto
the different OFDM carriers. In the real world, a WLAN 11ac transmitter tries to
optimize the spatial mapping depending on the channel conditions by means of the
channel sounding information received. Therefore, there is a spatial mapping matrix for
every OFDM carrier. Additionally, spatial expansion is possible, which means that, for
example, four space time streams can be effectively distributed to e.g. six Tx antennas.

In the PPDU Configuration menu, click the “Spatial Mapping” button to open the Spatial
Mapping menu. Select the spatial mapping mode. The available choices depend on the
number of space time streams (configured in section 4.2.3.1) and the number of Tx
antennas (configured in section 4.2.1). If the number of space time streams equals the
number of Tx antennas, all three choices for the spatial mapping matrix are possible:
Direct, Indirect, and Expansion. The corresponding matrix is displayed in the menu.
Note that the shown matrix is only for illustration, it is not editable. If the number of
space time streams is less than the number of Tx antennas, it is not possible to choose
“Direct”. Since a spatial mapping matrix exists for every OFDM carrier, the “Index k”
parameter can be used to view the spatial mapping matrix of a particular OFDM
carrier. Depending on the mapping mode, the spatial mapping matrix is:

e a CSD matrix, i.e. a diagonal matrix with complex values that represent cyclic

time shifts (direct mode)
e the product of a CSD matrix and a Hadamard unitary matrix (indirect mode)
e the product of a CSD matrix and a square matrix defined in the standard
specification (expansion mode)

Whereas the Hadamard and the square matrix are predetermined, the CSD matrix can
be configured by the user. The CSD matrix is diagonal and causes a time delay for the
individual Tx antenna signals. Therefore, it can be configured by setting the “Time Shift
x” parameters.

1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 17
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Space time streams |

@ IEEE 802.11 WLAN : Spatial M8 ing f(B ramefock 1

Index k

Time Shift 1 [ [T1o0 ([T100 |[T1o0 |[ 100

Timeshit2]  o|ns =] [“1o0 ([T100 |[“roo |[ 100

i Tineshit3[  ofns 7| [“1o0 |[“100 |[ 100 |[ 100
é Tineshit4[  ofns 7| 100 | [-100 | [0 | [ 100
é Timeshift5|  ofns =] 100 |[ 100 |[ 100 |[ 100
s o Timeshits[  0|ns -] [“to0 |[T100 |[“ro0 |[ 100
0.00 | [0.00 |[To.00 |[ 000

0.00 | [0.00 |[[0.00 |[000 [T0.00 |[ 000 |[0.00 |[ 0.00

In this example, four space time streams are mapped to six Tx antennas by spatial
expansion.
4.2.5 Transmit Antennas Setup

This section describes the settings needed to configure the following part of the signal
generation chain:

| |
| |
| |
| |
REAR
=Pl E|
=N
o RF up-
: ‘g I’ conversion » RFA
e
: § ) RF up RFB
| S : conversion
=
[ =0
| < |
| (= | N
| g, o File dump
blg]
—p| S|
Tl I I
| |
| |
| |
=1
| |
| |
Tx antenna Tx or Rx

signals antenna signals

The Tx antenna signals (Tx1 to Tx8) are mapped to the baseband output. The
mapping determines if a single Tx signal or multiple superimposed Tx signals are
present at the output of the baseband. By mapping multiple Tx signals to the baseband
output, these signals are combined and form an Rx signal that can be used for MIMO
testing (see section 4.2.5.2 for background information).
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In the WLAN 11 main menu, click the “Transmit Antennas Setup...” button to open the
TX Antenna Setup menu. This menu is used to map the Tx antenna signals to the
baseband output. The signals are mapped using simple matrix algebra: Multiplying the
transmission matrix by the Tx input matrix gives the output matrix.

[output matrix] = [transmission matrix] - [Tx input matrix]

‘é‘ IEEE 802.11 WLAN : TX Antenna Setup

nennas 8 = Mapping Coordinates ICartesian 'l

R: Real, I: Imaginary

output | File R i [ i R i [R i R 1 [R 1t |r =
-01 Baseband A W11 W12 W13 W14 0.00| 0.00| 0.00| 0.00 0.00
02 [File ant. W21 W22 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
03 [File ant W31 0.00| 0.00| 1.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
04 [File ant. W41 0.00| 0.00| 0.00| 0.00| 1.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
05 [File ant W51 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 1.00| 0.00| 0.00| 0.00| 0.00
06 [File ant We1 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 1.00| 0.00| 0.00
07 [File ant W71 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 1.00
048 [File ant: Ws1 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00

output matrix transmission matrix Tx input matrix

This calculation yields the following possible output signals (O1 to O8):

O1 = wq1-TXL + Wy TX2 + Wy3- TX3 + Wys- TX4 + W5 TX5 + Wig- TX6 + Wq7-TX7 + Wqg-TX8
02 = Wp1- TXL + Wop TX2 + Woz-TX3 + Woy TX4 + Wog-TXS + Wog-TX6 + Wo7-TX7 + Wog-TX8
O3 = W3- TX1 + W3y TX2 + W33-TX3 + Wag- TX4 + Wag-TX5 + W3g-TX6 + W37-TX7 + W3g-TX8

08 = Wg1-TX1 + Wgy- TX2 + Wgz-TX3 + Wgs- TX4 + Wgs-TX5 + Wgg-TX6 + Wg7-TX7 + Wgg-TX8

The elements of the transmission matrix (complex numbers wiy, Wi, ..., Wgg) can be
used to configure the output signals (O1 to O8) by weighting the Tx signals
accordingly.

The output signals can be routed to a baseband output or saved to a file.

Output File
Baseband A

Baseband A
File
Baseband B

For example, the output signal O1 is routed to “Baseband A”. The following figure
illustrates this example.
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— File dump

For example, the output signal O2 is routed to “File”. The signal is saved to the hard
drive by entering a file path and name in the “File” column for O2.

Output File
01 |Basebanil A
02 [File ant

The saved signal can be transferred to another instrument, e.g. with a USB stick, and
played back via the ARB generator of this instrument for MIMO testing.

4.25.1 Generating Tx Antenna Signals

By default, the diagonal elements of the transmission matrix (wy;, Wa,, ..., Wgg) are set
to 1, while all other matrix elements are set to 0.

# IEEE B02.11 WLAN : TX Antenna Setup B EEK

ntennas 8 - Mapping Coordinates ICartesian 'l
R: Real, I: Imaginary

Output File R | R | R | R | R | R | R | R 1 =

01 |[Baseband A 1.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00Tx1

02 [File ant2| 0.00| 0.00| 1.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00 0.00| 0.00| 0.00| 0.00| 0.00Tx2

03 [File ant3| 0.00| 0.00| 0.00| 0.00| 1.00| 0.00| 0.00| 0.00 0.00| 0.00, 0.00 0.00| 0.00) 0.00 0.00| 0.00Tx3

4 [File ant4| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 1.00| 0.00 0.00| 0.00) 0.00 0.00| 0.00) 0.00 0.00| 0.00Tx4

05 [File ants| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 1.00| 0.00, 0.00 0.00| 0.00) 0.00 0.00| 0.00Tx5

06 [File anté| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00| 0.00, 1.00 0.00| 0.00) 0.00 0.00| 0.00Tx6

O7 [File ant?| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00| 0.00, 0.00 0.00| 1.00) 0.00 0.00| 0.00Tx7

08 [File antg| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00 0.00| 0.00) 0.00 0.00| 0.00) 0.00 1.00| 0.00Tx8
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4252

In this case, the above formulas reduce to

01=Tx1
02 =Tx2
O3 =Tx3
08 =Tx8

One of these signals can be routed to the baseband output by selecting “Baseband A”
as output. After upconversion of the baseband signal, the selected Tx signal is present
at the RF output. For example, to generate the Tx1 signal, set O1 to “Baseband A”.

If a two-path signal generator, i.e. the SMW, is used, one more signal can be routed to
the second baseband output by selecting “Baseband B” as output. After upconversion
of the baseband signal, the selected Tx signal is present at the second RF output. For
example, to generate the Tx2 signal in the second instrument path, set O2 to
“Baseband B”.

WLAN 11lac
DUT

The remaining Tx signals cannot be routed directly to a baseband output but can be
saved to a file by selecting “File” as output. The generated waveform files can then be
played back via the internal ARB generators of further instruments. For example, to
generate the Tx signals Tx3 to Tx8, e.g. six SMBVs are needed. Each SMBV plays
back one of the generated waveform files and outputs the corresponding Tx signal at
the RF output.

Generating Rx Antenna Signals

In MIMO systems with transmit diversity or spatial multiplexing, multiple Tx signals are
transmitted. The receiver sees a superposition of these Tx signals. Such a composite
signal is termed Rx signal in this application note. The WLAN 11ac option makes it
possible to generate Rx signals as a weighted combination (amplitude and phase) of
up to eight Tx signals (in the following, only amplitude weighting is considered). Note
that this static weighting of Tx signals is not equivalent to a time-varying statistical
channel simulation. However, for many applications static weighting is already
sufficient for basic diversity and MIMO receiver testing. (For more demanding MIMO
tests with true channel emulation a realtime MIMO fading simulator, such as the SMW,
is required. Please see references [6] and [2] for details.)

The Tx signals can be combined by setting the elements of the transmission matrix
(W11, Wyo, ..., Wgg) to NnoNnzero values. In the following example, four Tx antennas are
used.
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‘é’ IEEE 802.11 WLAN : TX Antenna Setup

ntennas 4 - Mapping Coordinates IW

M: Magnitude, P:Phase

Output | File m (P M (P M (P M (P M [P M [P M [P M |P =
01 [Baseband A 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 0.00 0.00 0.00/ 0.00 0.00 0.00 0.00 0.00Tx1
02 |Off 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 0.00 0.00| 0.00 0.00 0.00 0.00| 0.00 0.00Tx2
03 |Off 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 0.00 0.00 0.00/ 0.00 0.00 0.00 0.00 0.00Tx3
04 [Off 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 1.00| 0.00| 0.00 0.00| 0.00/ 0.00| 0.00 0.00| 0.00 0.00Tx4
05 |Off 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.007Tx5
06 |Off 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00Tx6
O7 |Off 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00Tx7
08 |Off 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00Tx8

If all matrix elements are set to 1 (no weighting), the above formulas give the following
output signals (01 to O4):

O1=Tx1+Tx2+Tx3+ Tx4 =Rx1l
02 =Tx1+Tx2+ Tx3+ Tx4 =Rx2
03 =Tx1+Tx2 +Tx3 + Tx4 = Rx3
04 =Tx1 +Tx2 +Tx3 + Tx4 = Rx4

In this case, the signals Rx1 to Rx4 are all equal. If all matrix elements are set to
values different than 1 (weighting), the above formulas give the following output signals
(01 to O4):

Example:

ol= i el Tx3+0.2Tx4 = Rx1 I.:Ioo ';00 I:50 ';00 IToo ';00 I:20 ';00
02=0.8-Tx1 + Tx2+0.2-Tx3 + Tx4 =Rx2 0.80, 0.00| 1.00| 0.00| 0.20| 0.00| 1.00| 0.00
03=0.7Tx1 +0.5Tx2 + 0.4-Tx3 + Tx4 = Rx3 0.70| 0.00) 0.50| 0.00| 0.40| 0.00| 1.00| 0.00
04 =0.2.Tx1 + Tx2 + 0.8-Tx3 + 0.6-Tx4 = Rx4 0.20| 0.00| 1.00] 0.00| 0.80 0.00] 0.60| 0.00

In this case, the signals Rx1 to Rx4 differ. For example, signal Rx1 simulates the
situation where the antenna signals Tx1 and Tx3 reach the Rx antenna with full signal
strength while only 50 % of antenna signal Tx2 and 20 % of Tx4 are received.

One of the Rx signals can be routed to the baseband output by selecting “Baseband A”
as output. After upconversion of the baseband signal, the selected Rx signal is present
at the RF output. For example, to generate the Rx1 signal, set O1 to “Baseband A”.

If a two-path signal generator, i.e. the SMW, is used, one more signal can be routed to
the second baseband output by selecting “Baseband B” as output. After upconversion
of the baseband signal, the selected Rx signal is present at the second RF output. For
example, to generate the Rx2 signal in the second instrument path, set O2 to
“Baseband B”.

Rx 1 \

DUT

: WLAN 11ac

Rx 2 /
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The remaining Rx signals cannot be routed directly to a baseband output but can be
saved to a file by selecting “File” as output. The generated waveform files can then be
played back via the internal ARB generators of further instruments. For example, to
generate the Rx signals Rx3 and Rx4, e.g. two SMBVs are needed. Each SMBV plays
back one of the generated waveform files and outputs the corresponding Rx signal at
the RF output.

Note that the required number of instruments (or more precisely, the number of
baseband generators/RF outputs) depends on the number of receive antennas at the
DUT that shall be tested simultaneously with different Rx signals. For example, if four
Tx antennas shall be simulated but only one Rx antenna at a time needs to be tested,
only one baseband/RF output, e.g. one SMBV, is needed. However, this sequential
testing of the Rx antennas is not real MIMO testing. To test four Rx antennas
simultaneously with different Rx signals, four basebands/RF outputs, e.g. four SMBVSs,
are needed.

4.2.6 Special Case: Configuring an 80 MHz + 80 MHz Signal

For the 80 MHz + 80 MHz channel, there is an additional setting parameter in the
PPDU Configuration menu: Segment.

EEE 802.11 WLAN : PPDU Configuration for Frame Block 1

ol BT o)
[T [T T8
il
FHE
Stream Settings -
Spatial Streams I 2 Multi User MIMO [~ On
Space Time Streams I 4  Space Time Block Coding On
[Segment Seq.0 -
fl f2 Seq.1
Both
. f
Primary Secondary
segment segment
Seg.0 Seg.1

To generate the primary segment of the 80 MHz + 80 MHz signal, select “Seg.0”. To
generate the secondary segment, select “Seg.1”. Selecting “Both” is only possible if the
transmission bandwidth is set to 160 MHz in the main menu. The two segments are
generated contiguously in this case.

Transmission Bandwidth |160 MHz j
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4.2.6.1 Generating an 80 MHz + 80 MHz Signal with the AFQ

Contiguous
To generate the two 80 MHz segments contiguously, set the “Segment” parameter to
“Both”.

Noncontiguous
To generate the two 80 MHz segments noncontiguously, perform the following steps in
WinlQSIM2:

1 Generate the primary segment and the save signal as a waveform file

2 Generate the secondary segment and the save signal as a waveform file

3 Combine both waveforms using the ARB multi carrier function

Step 1: Set the “Segment” parameter to “Seg.0” and configure the signal as desired.
Click the “Generate Waveform File” button 2 in the main menu to save the signal (e.g.
as “primary_seg.wv”).

Step 2: Return to the PPDU Configuration menu and set the “Segment” parameter to
“Seg.1”. Again, click the “Generate Waveform File” button in the main menu to save
the signal (e.g. as “secondary_seg.wv”).

Step 3: Open the ARB Multi Carrier menu and set the number of carriers to “2”. Enter
the desired carrier spacing, e.g. 400 MHz. Click the “Carrier Table” button.

Misc

Custom Digital Modl... 4 ARB: Multi Carrier D E_“Elg|
Multicarrier CW... -
Wi Catier,. stato e
Multi Segment... | |
IMport... Set To Defaul SaveRecall..
General Settings

Mode |E(|ui(|is1am Carrier Spacing =]

Number of Carriers | 2

Carrier Spacing | 400.000 000 0 [MHz ~ |

In the carrier table, set the “State” to “On” for both carriers. For carrier 0, select the
primary segment waveform as “File”. For carrier 1, select the secondary segment
waveform as “File”.

Carrier Freq |Gain |Phase |Delay . m =
State [MHz) Bl |[deg] |ms] File Info | 2
0 -200.00000, 0.00 0.00 0[SIM2/Waveforms/primary_seg | Infe...
1 200.000 00, 0.00 0.00 0|2/Waveforms/secondary_seg |Infa...

In the main menu, set the “State” to “On” and transfer the multi carrier signal (i.e. the
80 MHz + 80 MHz signal) to the AFQ B for playback.

2 This button saves the baseband output signal that is routed to “Baseband A” in the “TX Antenna Setup”
menu.

1GP94 1E

Rohde & Schwarz Generating Signals for WLAN 802.11ac 24



Signal Configuration

Note that the AFQ A is not suitable for noncontiguous 80 MHz + 80 MHz signal

generation. For the AFQ B, the maximum (meaningful) carrier spacing of the two
segments is 400 MHz.

4.3 Configuring WLAN Multistandard Signals

WLAN 11ac devices must be able to communicate with earlier generation devices
operating in the 5 GHz band using the predecessor standards, WLAN 11a and 11n.

For cross-standard testing, the user can define realistic multistandard signals via the
Frame Blocks Configuration menu.

Open this menu by clicking the “Frame Block Configuration...” button in the main
menu. Use the “Append” button to add new frame blocks (i.e. new lines) to the list and
create a sequence of frame blocks in this way. Each frame block can be configured
individually. For example, the number of frames within this block can be set. Also the
PPDU settings are configured individually for each block. To generate WLAN 11n and
1lac frames, choose “Mixed Mode” as “Physical Mode” and define the high throughput
(HT) or VHT channel to use. To generate WLAN 11a frames, choose “Legacy” as
“Physical Mode” and define the channel to use.

3x WLAN 11n WLAN 11a WLAN 11lac
4 IEEE 802.11 WLAN : Frams Blocks Configuration (=3
I I I £ e i
% [Mixed Mode
= [Green Field
Physical Idle Time DList / Boost Data Rate =
Tvpe Mod Tx Mode Frames e Data e B PPDU Mbps State
1= Data/ﬁixed Mode HT-4I]MIB‘ 3 0.100, PN 9 0.00) Config... 27.000
2 Dati( Legacy L-20MHz ) 1 0.100f PN 9 0.00, Config... 18.000
3 Data\id'lixed Maode VHT-4I]MH}/ 1 0.100f PN 9 0.00, Config... 27.000
LR
Append Insert | Delete | Copy | Paste |
[ —

As shown in the above figure, switching between different WLAN signals is easy to do,
making multistandard testing straightforward.
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5 Verification Measurements

Rohde & Schwarz signal and spectrum analyzers can analyze WLAN 1lac transmitter
signals in two different ways:
e Analysis using the R&S®FSx-K96 general purpose OFDM analysis software.
This method is described in the application note “Measurement of WLAN
802.11 ac signals” (1EF82).
¢ Analysis using the on-instrument WLAN application R&S®FSx-K9lac. This
method is recommended for analysis and used in this application note to
perform measurements.

The verification measurements presented in this application note were performed using
an FSW with an analysis bandwidth of 160 MHz in the following setup:

5.1 EVM Measurement

To obtain optimal EVM results, the following settings should be made:

Generator:
e The “Time Domain Windowing Active” parameter in the PPDU Configuration
menu is disabled by default. Leave this parameter disabled.

ITime Dromain Windowing Active [~ On

e When using an AFQ setup, optimize the EVM as described in section 6.1.

Analyzer:
¢ Set the “Channel Estimate” parameter to “Payload” in the Tracking/Channel
Estimation menu. (All EVM measurements presented in this application note
are performed with payload-based channel estimation.)
e Adjust the RF attenuation.
e Optimize the reference level such that the R&S®FSx is about to show the IF
overload warning.
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For example, an SMW is used to generate a 160 MHz signal. The RF level is set to
0.0 dBm. On the FSW, the RF attenuation is set to 10 dB. The reference level is
adjusted to 8.5 dBm. (At 8 dBm the FSW shows the “IF OVLD” warning.) The following
result is obtained:

MultiView %%{Spectrum @] WLAN [Z]l
Sample Rate Fs 320.0 MHz Standard IEEE 802 1lac Capt Time/No. of Samples 1ms /320000
PPDU / MCS Index / GI WHT160/9/L126 Meas Setup 1 Tx % 1 Rx No. of Data Symbols 1/1366
Analyzed PPDUs 6 (6)
1T Magnitude Capture 3 Result Summary Global
MNo. of PPDUs - Recognized: 6 Analyzed: 6 Analyzed Physical Channel: 6
PPDUs: Min Mean | _ Limit Max | [~
Pilot Bit Error Rate 0.00 0.00 0.00 0.00
EVM All Carriers 0.35 0.37 2.51 0.38 F
-49.13 -48.73 -32.00 -48.35
EVM Data Carriers 0.34 0.38 2.51 0.38 I
-49.30 -458.87 -32.00 -48.44 1
1.0ms)| ¢ [ I
2 Constellation @1 Clrw | 4 EVM vs Carrier @1 Min®2 Avge3 Max
-10 di
20 d
30 d
pt] R t 4
ol V
Ustal b ALy R T ] If“A e b
RTTI INT I I PO v PR C N
|11 R
| T “ I o
-30 df u
-90 df
Carrier -250 50 Carrier/ Carrier 250

The measured EVM is —48.7 dB (0.37 %) for a 160 MHz signal with 256 QAM
modulation.

For comparison, an SMBV is used to generate the 160 MHz signal. The RF level is set
to 0.0 dBm. On the FSW, the RF attenuation is set to 10 dB. The reference level is
adjusted to 8.5 dBm. (At 8 dBm the FSW shows the “IF OVLD” warning.) The following
result is obtained:

MultiView F%{Spectrum @] WLAN @1
Sample Rate Fs 320.0MHz Standard  IEEE 802 1iac Capt Time/No. of Samples 1ms /320000
PPDU / MCS Index / GI VHT150/9/L126 Meas Setup 1Tx X 1Rx No. of Data Symbols 1/1366

SGL Analyzed PPDUs 77
= = 4 Result Summary Global

s Mo. of PPCUs - Recognized: 7 Analyzed: 7 Analyzed Physical Channel: 7
< PPDUs: Min Mean | _ Limit Max | Limif«
B — EWM all Carriers 0.42 0.43 2.51 0.44 2 51.
-47.62 -47.30 -32.00 -47.06 -32.0
EYM Data Carriers 0.41 0.42 2.51 0.43 2.51
B
EILE -47.73 -47.46 -32.00 -47.24 -32.0
S dB
EWM Pilot Carriers 0.54 0.62 56.23 0.67 56.2
0.0s 1.0ms) ¢ Il I
2 Constellation @1 Clrw ||3 EVM vs Carrier @1 Min®2 Avge 3 Max

-10dl

-20 d

-30dl

Al | L il 3 T AP S,
Ul

) W YISl o

i nwu‘mu [

I
-80 d “ H i

;:

-90 d

Carrier -250 50 Carrier/ Carrier 250
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The measured EVM is —47.3 dB (0.43 %) for a 160 MHz signal with 256 QAM
modulation.

5.2 Channel Power Measurement

When performing a channel power measurement of a WLAN Tx signal, one needs to
take into account that there are signal gaps between the WLAN frames if the “Idle
Time” parameter is set to nonzero values in the Frame Blocks Configuration menu.
The measured average RF power will thus be lower than the RF level set at the
generator, as the latter relates only to the “frame active” part of the signal. To obtain a
correct channel power measurement, the following settings should be made:

Generator:
e When using an AFQ setup, do not forget to adjust the “Crest factor” parameter
in the upconverter for correct leveling as described in section 3.2.3.
¢ When using a combiner in the setup, consider the specified insertion loss.

Analyzer:
e Use a gated trigger to measure the signal only during bursts. Use “IF Power”
as trigger source and adjust the trigger level. Set the gate length such that only
the burst is captured and not the gap.

For example, an SMW is used to generate a 160 MHz signal. The RF level is set to
0.0 dBm. The following result is obtained.

Multiview | spectrum [ J] wLaN @1
Ref Level 7.50 dBm @& RBW 300 kHz
@ Att 10dB @ SWT 300 ms ® VBW 1 MHz  Mode Auto Sweep

NCAN = 1Rm Clrw

L Y ]
5 _ ]
[CF 5.0 GHz 1001 pts 50.0 MHz, Span 500.0 MHZ]
2 Result Summary

Channel | Bandwidth | Offset | Power | |

TX1 (Ref) 160.000 MHz -1.06 dBm

Tx Total -1.06 dBm

Channel | Bandwidth | Offset | Lower. | Upper |

Adj 160.000 MHz 160.000 MHz -51.88 dB -49.23 dB

The measured channel power is —1.1 dBm. The result matches (apart from cable loss)
the RF level set at the SMW.
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6 Optimizing Signal Quality for AFQ Setups

If the WLAN 11ac signal is generated with an AFQ and an upconverter, the signal
quality is very good but the external cabling is a potential source of impairment. The
cabling can lead to I/Q imbalances and consequently to image OFDM carriers in the
RF signal. These overlay and thus impair the actual OFDM carriers, resulting in a
suboptimal EVM. Therefore, due to the external cabling, the signal quality of an AFQ
setup may not be as good as it could be. Even if achieving better signal quality for
testing is not relevant to your application, we nevertheless want to explain in this
section how to configure the AFQ setup to attain optimal performance. For the
optimization, it does not matter which Rohde & Schwarz signal generator is used for
upconversion (although the best results are achieved with the SGS).

As an example, the AFQ-SGS setup is used for the measurements presented in this
section. They were performed using an FSW with an analysis bandwidth of 160 MHz.

¢ 10 MHz reference

10 MHz
reference I

6.1 Optimizing EVM Performance

6.1.1 Optimization Tool

A software tool that can be used to optimize the EVM result for AFQ setups is available
free of charge. The software can be downloaded from the Rohde & Schwarz website:
Products - Signal Generators - Baseband - AFQ -> Downloads - Software »>
R&S SMx RF and BB Correction Toolkit

As mentioned above, the external cabling can lead to image OFDM carriers that impair
the signal and degrade EVM performance. The provided software automatically
configures the equalizer of the AFQ to compensate the image carriers. The necessary
measurement is performed with the connected upconverter (e.g. SGS) and a spectrum
analyzer.
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R&S SMx RF and
BB Correction
Toolkit

AFQ -
10 MHz
reference | Q 10 MHz
 J  J reference
Remote . SGS
control o
RF
\
FSW

Open the software and select “AFQ Calibration” under the “Configuration” tab. Select
the 10 MHz reference source.

ﬁ_SMx RF and Baseband Correction T4

File Options Help

@3 xB% @ =

Configuration |5M><-E53 || AFC Calibrati0n|

Setup

Reference source FSx

Carrection Function AFQ Calibrat...

w

Next, configure the three instruments of the setup: AFQ, SGS (or SMx) and R&S®FSx.
Select the instrument and click the “Configure..” button.

1GP94_1E

Rohde & Schwarz Generating Signals for WLAN 802.11ac 30



Optimizing Signal Quality for AFQ Setups

& SMx RF and Baseband Correction Toolkit

File Options  Help
= & =T
&3 & @
Configuration |5M><-K53 || AEC Calibration |
Setup Info
Correction function AFCQ Calibrat, ., w Component Properky
Syskem s
Reference source Fau w State - T
Setup default
Powermeter Cplions Reference Frequency :
AFC
T MRP
= | state -
[ HRPNRVD sensor &+6 Cannection TCPIP/VISA, 10.111,11.26
Type, Ser. Mr. -
oW Versian -
Yector Signal Analyzer Options
SMUYSM I SMATESSMEYSGS
[FsqE7z State -
iZonneckion TCPIPIVISA, RSSGS100410137
Instruments Remake Type, Ser. Hr. -
oW Version -
[ Configure .. ] AFQ “
o FoLIFSPIFSUIFSQFow
SMQ Statke -
* iZonneckion TCPIPIVISA, 10,111,100160
P y— )
DHEIMETEr oW Version -
Inik ==
bt
< | ¥
” Configuration 0%

Select the remote interface, e.g. “TCPIP/VISA”. Connect the instrument via LAN to the
control PC and enter the IP address of the instrument. Use the “Test Connection”
button to quickly test the remote connection.

L]

i Instruments connection for AFQ

Setkings

Function

Interface | Driver | TCPIPMVISA |

[InterFace,l'Driver Info ]

IF Address or Mame |10.111,11.26

Scan subnet

Info

Resourcestring: TCPIP::10.111.11.26::INSTR

Robdetschwarz
AFC100E
1410,9000k02/ 100053
2.7.9.1-02,15.231.65

Found{vendor, device, device ID, software wersion):

|
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Under the “Configuration” tab in the main menu, press the “Init >>” button. If the
software reports “Initializing instruments ok.”, switch to the “AFQ Calibration” tab.
Select the RF frequency and RF level to be used for calibration and later for testing.
Select the single-ended baseband output level of the AFQ. Use the following values:

e AFQ A: 500 mV

e AFQ B: 500 mV with “Enable Bias” checkbox enabled (recommended)

e AFQ B: 350 mV with “Enable Bias” checkbox disabled

If the bias amplifier of the AFQ B is not enabled, the EVM result is slightly better than
with amplification, since every amplifier introduces a certain degree of distortion.
However, the output level of the AFQ B is then limited to 700 mV (balanced output),
and consequently the RF level at the SGS is no longer correct (see section 3.2.3 for
background). The actual RF level is 3.1 dB lower than the set/displayed level on the
SGS (or SMx).

& SMx RF and Baseband Correction Toolkit D E'E'E'

File ©Options Help

B3 X @
Configuration AFQ Calibration |

Settings Info
RF | Se00 % FWHZ Component Property

~
LEV | 0 3 dem =

Enable Bias

BB | s00 % v

[ Cutput Resp, and Imb. ]

Start the calibration by pressing the “Output Resp. and Imb.” button. While the
calibration is running, the following window is displayed:

J AEQ correction 1/Q-Output D E||§|rg|

teasure mbalance, 1 Out -= 1 and G Out -> 3 |n

Cancel

If the software reports “Correction ok.”, the calibration is completed and the following
result summary is displayed:
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} Figure 2: AFQ Correction Output I/Q-Response and Imbalance

File
ARG 008 #100053 24-Apr-2012 16:30:24
RF Amplitude Imbalance Amplitude
0E E_IReference .»'-;npli‘tude: o a31adm | : I
DA fh---eees A bommeeees
0.2 -mmeeod e o ooeeeeens -
5 0 ! S
I : . . o=
02 L LR Benomoea- -
L e it sttt .
h Limit 1 ' ] Limit 1 H H
g RFoOw [T VT H 10 Swapoff | | : :
! n : H H a5 n n : H H
-1 0.5 0 0.5 1 0 2 4 53 &3 10
g % 10° 100
Imbalance Groupdelay
1 A e e (i
0.5 ------- ———— P —— boeeeees
] R e
= ' ! ! ! ' =
o : . . . . H H
11 T R LT S S D5 R N R R
0 H H 1 H
0 2 4 G &3 10 0 2 4 G &3 10
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On the AFQ, click the “Local” icon in the toolbar to switch from remote to local
operation. The AFQ block diagram looks like this:

@ Baseband Impairments

config... config... 4G BEOUt

" On [" On

e The equalizer “Modulator” is used to compensate the RF
frequency response of the upconverter (e.g. SGS).

e The equalizer “I/Q” is used to compensate I/Q imbalances and
thus the image carriers.
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When operating the AFQ B with 350 mV and inactive bias amplifier, the following error
message may appear on the AFQ B:

* Brr 300 Output unleveled: Gain Control on Upper Limit

There are two ways to remove this error:

e Click the “config” button in the “Equalizer” block and select “Modulator”. Set the
“State” to “Off”. This disables the RF frequency response correction which is
not necessarily needed, because the DUT (like the FSW) can equalize the
frequency response of the received signal through channel estimation.

Equalizer Modulator E]

-

|5tate

List Data... | BBCalibRF
Edit Data... |

o Alternatively, leave the RF frequency response correction enabled. Slightly
reduce the baseband output level of the AFQ (amplitude setting) until the error
message vanishes. Be aware that the actual RF level differs from the

set/displayed level on the SGS (or SMx) by slightly more than 3.1 dB in this
case.

Click the “config” button in the “Equalizer” block and select “I/Q”. The “State” must be
“On”, i.e. the baseband I/Q correction must be enabled. The “BBCalibl” and
“BBCalibQ” files are generated and loaded automatically by the software tool.

Equalizer 1/Q (=]

IState on |

List Data l... | BBCalibl
Edit Data ... |
List Data Q... | BBCalihQ
Edit Data Q... |

Gain
]
m -0.02
=
-0.04
50 100
f [MHz]
Phase
-0.1
03
=
-0.5
50 100
f [MHz]

The last step is to load the wanted WLAN waveform and activate the ARB.
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Compared with the RF frequency response correction (which can be disabled), the
baseband I/Q correction is more robust against RF frequency and level changes on the
SGS (or SMx). However, for optimal performance the calibration should be repeated if
¢ the RF frequency and level changes
o the AFQ baseband output level changes
If the setup changes, e.g. if the cables are exchanged or swapped, the calibration must
be repeated.

Refer also to the software manuals that come with the installation of the software.

R&S WinIQsIMz @ Help and Manuals
R&S SEMA-GLI » [§51 Ras SMx RF and BB Correction Toolkit deinstallieren
&5 5Mx RF and BB Correction Toolkit &% SMx RF and BE Correction Toolkit

The following screenshots show the EVM measured before and after the calibration.

MultiView :--i‘[ Spectrum [ * ]] wan Tl

Sampling Rate Fs 3200 MHz  Standard IEEE 802 11ac Capt Time/MNo. of Samples 2ms / 620001
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SGL BETA §1/04/2012 Analyzed PPDUS
1 Result Summary Global
Murmber of Recognized Bursts: 13 Murmber of Analyzed Bursts: 13 Mumier of Analyzed Bursts Physical Channel: 13
Bursts; | Iin | Mean | Limit I Max L Limit | Unit_| -
Pilot Bit Error Rate 0.00 0.00 0.00 %
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The measured EVM for a 160 MHz signal with 256 QAM modulation is —44 dB before
and —47 dB after the calibration.
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6.1.2 Manual EVM Optimization

To optimize the EVM, it is strongly recommended to use the software tool, since the
equalizer of the AFQ compensates I/Q imbalances frequency-selectively. However, the
EVM can also be optimized manually, e.g. in case there is no R&S®FSx available.
Slightly unequal electrical cable lengths introduce a delay between the | and Q signals.
This delay leads to image OFDM carriers and is the biggest contribution to a degraded
EVM.

The delay can be compensated by adjusting the | and Q path delay of the At / Af
settings on the AFQ.

ARB... it AF =)o

Trigger...

Marker... = | Path Delay (ns) | 0
| Clock...

Sl Q Path Delay ins)| 0.065

In addition, the | and Q signals may have small amplitude imbalances. They can be
compensated by adjusting the | and Q gain of the 1/Q impairments settings on the AFQ.

19 Impairments =) /63
e [OWI]
| Gain W]ﬂ
Q Gain WW

The following screenshots show the EVM measured before and after adjusting the |
and Q path delay such that the initial delay between the | and Q signals is cancelled.

1GP94 1E

Rohde & Schwarz Generating Signals for WLAN 802.11ac 36



Optimizing S

ignal Quality for AFQ Setups

Sampling Rate Fs
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-d5.17 -30.00 -30.00 dB

81 Mine2 Avge s Max

-

IEEE 202 11ac
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The measured EVM for an 80 MHz signal with 256 QAM modulation is —45 dB before
and —-47 dB after the adjustment.
Note that this manual optimization method does not use the equalizer of the AFQ and
is thus not frequency-selective.
6.2 Minimizing Carrier Leakage
6.2.1 Optimization Tool
The software tool described in section 6.1.1 also minimizes the carrier leakage
automatically during the calibration.
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6.2.2 Manual Carrier Leakage Optimization

The following figure shows the spectrum of a WLAN 11ac signal. The sweep time
setting on the analyzer was chosen such that the spectrum reveals the carrier leakage
in the RF signal.

T L o N L O A SR
L1
|
IIWLLIM iy |l W]l R |
Fr 5.6 Gz - 001 pis — — ﬁ?;ﬁg%

The carrier leakage is caused by a DC component in the I/Q signal. It can be
suppressed by adjusting the | and Q offset of the 1/Q impairments settings in the
upconverter.

4* SGS: 1/Q Settings

State
Impairments
ate I on
10ffset | 0.07 % |
Q Offset | 0.12 % =]

The following figure shows the spectrum after adjusting the | and Q offset such that the
center carrier is optimally suppressed.

e "FM‘“ il G '»'é-'-'ﬁl W
| | i
T L, L
FFS.EGHZ Y 1001 pts .0 MHzZ, — sEm‘zlu?;::wH;

Note that the carrier leakage has no effect on the measured EVM of the WLAN 1lac
signal (since there is no OFDM carrier at the carrier frequency).
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7 PER Testing

The Rohde & Schwarz WLAN 11ac test solution supports packet error rate (PER)

testing via the nonsignaling mode. It is possible to generate standard-compliant test
signals including MAC header.

To configure the MAC header, click the “Configure MAC Header and FCS...” button in
the PPDU configuration menu.

Configure MAC Header and FCS...

Activate the MAC Header and the frame check sequence (FCS) and optionally enable
the sequence control field.

4 IEEE 802.11 WLAN : MAC Header and|FCS Configuration for Frame Block 1 (Al=1L3

fonc veader D ] rescncaom o

Frame |Duration] Address 1 ¢hex) Address 2 thex) Address 3 thex) | Seq Contralf  Address 4 (hex) WHT Frame | FCS
Cantral | fID Config | Body
thexd | fhex) Enablel¥ Enablel” Enable[” Enablelv Enable[”
Frag Seq I— J 0-
|ooo0 |foooo || 0000 o000 0000 | 0000 0000 0000 | 000D 0000 0000 0000 0000 0000 | 575 [y naasas| 4
2 hytes | 2 bytes B bytes B bytes B hytes 4 hit 12 bit b hytes ytes hytes hytes

Start Number (hex}l? Start Number (hex}l 000

Incremented Everyl 1||)acketl[s} 'l Incremented Everyl 1||)acketl[s} 'l

MAC Frame Control Field
Frotocol Type Subtype Ta DS Fram DS | More Frag Retry Pwr Mat | More Data WEP Order
Wersion
o | o | | | | | | || F |
2 hits (LSB) 2 hits 4 hits 1 hit 1 hit 1 hit 1 hit 1 hit 1 hit 1 hit 1 hit (MSB)

In addition, activate frame aggregation as this is mandatory for WLAN 11ac. To
activate frame aggregation, select “A-MPDU” from the dropdown list of the “Data”
column in the frame block configuration menu. The settings for the aggregated MAC

protocol data unit (A -MPDU) can be made in the corresponding A-MPDU configuration
menu.

74 IEEE 80211 WLAN : Frame Blacks Configuration ol @ ==
C Legacy
E Mixed Mode|
|Green Field
Sounding
Physical Idle Ti DList/ Boost DRat ‘I
Type M“‘;ﬂ:& Tx Mode Frames lrmlme Data Pa:t; :3;5 PPDU .beap: State
1= | Data |Mixed Mode| VHT-80MHz 1 0.1000 A-MPDU | Conf.. 0.00| Conf...| 5850
N T —- -
N\ T —-—_
N\ ———=_
N —-—

% IEEEB02.11 WLAN : A-MPDU Configl [ = | = |[mE3a]

Number of MPDUs | 1

A-MPDU Length 1028
Data Length DList / =
I bytes 158 Pattern

1 | 1024] pn g
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To perform nonsignaling PER measurements, the MAC header settings do not need to
be configured but can be left at their default values. This generally works fine. The
user’s equipment® analyzes the transmitted FCS to evaluate if packets sent from the
generator to the DUT were received error-free. All erroneous packets are counted and
a PER (ratio between erroneous packets and total number of packets) is calculated.
The user’s equipment can further determine missing or retransmitted frames by
evaluating the sequence control field.

WLAN 1llac
RF testsignal DUT

e A | Control SW
sue (0ph PER calculation

zec sy

A

For PER measurements, e.g. 1000 frames are generated and evaluated. Set the
desired number of frames in the frame blocks configuration menu.

Physical ldle Time DList/ Boost DHRate
Type Mode Tx Mode Frames Ime Data Patt 1dB PPDU Mbps State
1= | Data |Mixed Mode| WHT-80MHz 100 0.100| A-MPDU | Conf.. 0.00| Conf...| 5850

On the instrument, use the “Single” trigger mode to output the 1000 frames exactly
once. The trigger menu can be opened by clicking the “Trigger/Marker...” button in the
main menu of the WLAN option or the ARB.

Trigger/Marker. ..
IEEE 802.11 WLAH : Trigger Marker/Clock = '
Trigger In =]
hode ISingIe j
Execute Trigger| Stopped
Signal Duration Unit |Sequence Length (SL) j
Signal Duration I 1 I SL j
Source IInternaI j

3 The control and evaluation software is generally provided by the WLAN device manufacturer.
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8 MIMO Testing

Test signals

Standard-compliant signals for testing MIMO devices can be easily generated. Up to
eight Tx antenna signals can be created. It is even possible to generate different Rx
antenna signals. See section 4.2.5 for details.

Realtime fading

Fading can be applied to the test signals by using the SMW, SMU and AMU signals
generators. These instruments support realtime fading for true channel simulation. In
particular, the SMW is ideally suited for WLAN 11lac MIMO testing because it supports
3x3 MIMO fading simulation in a single instrument. Please see references [6] and [2]
for detalils.

Synchronizing multiple instruments

Multiple SMBVs can be synchronized with ultrahigh precision using the master-slave
mode of the instrument. See reference [4] for details.

Multiple AFQs can be synchronized with ultrahigh precision using the master-slave
mode of the instrument. The master AFQ must be triggered externally. See reference
[5] for details.

The two internal baseband generators in a single SMW/SMU/SMATE/AMU can be
synchronized with very high precision by using the first baseband generator to trigger
the second one. See section 3.2.2 for details.

Multiple SMUs/SMATEs/SMJs/AMUs can be synchronized with very high precision by
triggering all internal baseband generators with a common external trigger signal. See
reference [2] for details.
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9 Abbreviations

A-MPDU
ARB
BCC
CSsD
DUT
EVM
1/Q
IDFT
LDPC
MAC
MIMO
MCS
OFDM
PER
PLCP
PPDU
RF
RMS
Rx
STBC
SW
TX
VHT
WLAN

Aggregated MAC protocol data unit
Arbitrary waveform generator
Binary convolution coding

Cyclic shift delay

Device under test

Error vector magnitude
In-phase/quadrature

Inverse discrete Fourier transformation
Low density parity check

Media access control

Multiple input multiple output
Modulation and coding scheme
Orthogonal frequency-division multiplexing
Packet error rate

Physical layer convergence protocol
PLCP protocol data unit

Radio frequency

Root mean square

Receive

Space time block coding

Software

Transmit

Very high throughput

Wireless local area network
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11 Ordering Information

Please visit the Rohde & Schwarz product websites at www.rohde-schwarz.com for
comprehensive ordering information on the following Rohde & Schwarz signal
generators:

R&S®SMW200A vector signal generator

R&S®SMU200A vector signal generator

R&S®SMATE200A vector signal generator

R&S®SMBV100A vector signal generator

R&S®SMJ100A vector signal generator

R&S®AMU200A baseband signal generator and fading simulator
R&S®AFQ100A I/Q modulation generator

R&S®AFQ100B UWB Signal and I/Q modulation generator
R&S®SGS100A SGMA RF source

1GP94_1E Rohde & Schwarz Generating Signals for WLAN 802.11ac 43


http://www.rohde-schwarz.com/

About Rohde & Schwarz

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

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

ertified Quality System

1S0 9001

Regional contact

Europe, Africa, Middle East

+49 89 4129 12345
customersupport@rohde-schwarz.com

North America
1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com
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