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WLAN Market Update

WLAN retail and enterprise market growth rate for 2010 estimated at 12%
(IDC) to 23% (Infonetics). For first 3 quarters of 2011, IDC estimated
guarterly growth rates of 16% to > 20% year-over-yeatr.

Growth drivers:

A Integration of WLAN into more consumer products: smartphones,
digital cameras, e-readers, media players, gaming consoles, Blu-ray _
players, HDTVs /

A Increasing adoption and use of WLAN in companies, small
office/home office, hospitals, etc. Enterprise market growing faster
than retail market.

Use of WLAN to offload data from cellular networks

New applications: health/fitness, medical, smart meters, home
automation

To >

Multi-format chipsets are increasingly common, mostly WLAN + Bluetooth or
WLAN + Bluetooth + FM today, some include cellular, WiMAX, and/or GPS:
need to test multiple technologies/formats and avoid interference
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New Applications for WLAN

Growth of high-definition video and desire for wireless connections is
driving need for higher data rates for applications such as:

A Wireless display
A Distribution of video/media content throughout the home or office
A Rapid file upload/download (sync devices, movie kiosks)

Example data rates:

Interactive videoconferencing 0.38t0 0.5
Internet video streaming 2.5t08
HDTV 19.4 to 25
Blu-Ray 40
Uncompressedv i d e o, Nngood 796
(8-bits/color, 1920x1080p, 24 fps, 4:2:2)
Uncompressed video, 3730
(10-bits/color, 1920x1080p, 60 fps, 4:4:4)
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IEEE 802.11 Standards Evolution

7 Mbps, 10 M
BW, 5.8 GHz

! Wireless Access TV White
for Vehicular Spaces
Environment

(WAVE/DSRC)

|
802.11p +
Z

802.11aC  \ery High Throughput, <6 GHz

Very High Throughput, 60 GHz

DSRC = Dedicated Short-Range Communications
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Introduction to 802.11ac Standard:
Enhancements for Very High Throughput (VHT)

A Standard under development by IEEE 802.11ac Task Group (TGac)
- Draft 1.4 released in November 2011
- Standard completion planned for Dec. 2013

AMi ni mum Avery high Gbpsroughput o goal of
A Wi-Fi Alliance task group defining market requirements for 802.11ac. Expects
certification to launch by late 2012, prior to standard being finalized

A ABI Research (Sept. 2011):

- 802.11ac shipments will begin in 2012, becoming dominant Wi-Fi protocol by
2014

- Most products will be 802.11n/802.11ac dual-band chipsets

- 1x1 802.11ac chipsets will remain dominant until 2015 when they will be
surpassed by 2x2 and 3x3 chipsets

A In-Stat (Jan. 2012): Expect nearly 500 million 802.11ac devices by 2015, including
184 million notebooks and 165 million smartphones

A 802.11ac products announced by Quantenna, Broadcom, Redpine, Trendnet.
Broadcom is mar ket WiFg 8Wvwlbgwi &s . 05G) .

Anticipate __Accelerate __Achieve . .
Wireless Communications

. Agilent Technologies © 2012 Agilent Technologies

6



Review of 802.11n: Basis for 802.11ac
| Feawe | Mandaoy | optonal |

Transmission method OFDM

Channel bandwidth 20 MHz 40 MHz
FFTsize 64 128
Data subcarriers / pilots 52/4 108 /6
Subcarrier spacing 312.5 kHz

OFDM symbol duration

4 us (800 ns guard interval)

3.6 us (with 400 ns short guard
interval)

Modulationtypes

BPSK, QPSK, 16QAM, 64QAl

Forwarderror correction

Binaryconvolutionalcoding (BC)

Low density parity check (LDP(

Coding rates

1/2, 2/3, 3/4, 5/6

MCS supported

O0to7, 0to 15 for access points

8 to 76,16 to 76 for APs

Spatial streamand MIMO

1, 2 for access points
direct mapping

3 or 4 streams
Txbeamforming STBC

Operatingmode / PPDU
format

Legacy/norHT(802.11a/b/g)

Mixed/HT-mixed (802.11a/b/g/n)

Greenfield/HFGreenfield
(802.11nonly)
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Changes and Enhancements for 802.11ac

A Wider channels

NEW! A Higher-order modulation
A More spatial streams and antennas (up to 8)
A Multi-user MIMO

Channel bandwidth 20 MHz 40 MHz, 80 MHz 160 MHz, 80+80 MHz

FFTsize 64,128, 256 512

Data subcarriers / pilots 52/4,108 /6,234 /8 468 / 16

Modulationtypes BPSK, QPSK, 16QAM, 64Q 256QAM

MCS supported Oto7 8and9

Spatial streamand MIMO 1 2t08
Txbeamforming STBC

Multi-user MIMO (MUMIMO)
Operatingmode / PPDU format Veryhigh throughput / VHT

Datarates: 1.56 Gbps ( 80 MHz, 4 Tx, MCS9) Ar e
6.93 Gbps (160 MHz, 8 Tx, MCS9, short Gl) best case
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802.11ac Channelization

A Operates in 5-6 GHz band only, not in 2.4 GHz band

A Mandatory support for 20, 40, and 80 MHz channels

A 40 MHz same as 802.11n. 80 MHz has more than 2x data subcarriers: 80 MHz has 234
data subcarriers + 8 pilots vs. 108 data subcarriers + 6 pilots for 40 MHz

A Optional support for contiguous 160 MHz and non-contiguous 80+80 MHz transmission and
reception. 160 MHz tone allocation is the same as two 80 MHz channels.

A U.S. region frequency allocation (shown below) includes 5710-5835 MHz channels not
available elsewhere. (Need to avoid weather radars in some areas)

5170 5330 5490 Weather 5730 5735 5835
MHz MHz MHz radar MHz MHz MHz
1 | | /ﬁ ] |
o ' o =+ o oo F e o o T o e~ — e
EEEchannel#{2 2 T 3 218 @ 3l (SSS =S dme 3 IS 60 8 S
ontz PAAVVVAVY | RamAR e
1 I ] [ I are not available Iin
1001 < 3 AN VAR VN VA S N VA VAN Y VA VAN A VAL W i
. ! I I T | pe, Japan and
30 MHz | V Vo V V i \ other regions
160 M1z */ o |
Examples of [N A
Non-contiguous _ _
VHTS0+80 MHz
Setup [€—— 245 MHz >

Adapted from Specification Framework, IEEE 802.11-09/0992r15,
Updated based on 802.11ac/D1.0
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802.11ac VHT PPDU Format: New VHT Preamble

fPPDUO= PLCP Protocol Data Unit
fPLCPO = Physical Layer Co

[] A L-STF, L-LTF, and L-SIG:
ASimilar to same fields in 802.11a/b/g (clause 17 in 802.11 standard)

ATransmitted first for backwards compatibility

AFields are duplicated over each 20 MHz sub-band with appropriate phase rotation (see 22.3.7 in
standard). Subcarriers are rotated by 90 or 180 degrees in certain sub-bands to reduce PAPR.

AcCyclic shift delay applied to each transmit chain when applicable

[]A VHT-SIG-A
Alst symbol of VHT-SIG-A is BPSK, while 2" symbol is BPSK with 90 degrees rotation (QBPSK) to

enable auto-detection of VHT
AContains info required to interpret VHT packets (BW, number of streams, STBC used, guard interval,

BCC or LDPC coding, MCS, beamforming)

802.11n L-STF L-LTF L-SIG HT-SIG | HT-STF| HT-LTFs HT Data

PPDU <& » » < > < [ ¢ > & » >

(Mixed Mode) 2 symbols 2 symbols 1symbol, 2symbols, 1symbol 1symbol/LTF, i e 1
BPSK QBPSK 4 LTFs max

802.11ac L-STF L-LTF L-SIG VHT-SIG-A |VHT-STF| VHT-LTFs VHT Data

VHT PPDU

< > < > —> < > «——> < > —> < >
2 symbols 2 symbols 1symbol, 1symBPSK, 1symbol 1symb/LTF, 1symbol

BPSK 1sym QBPSK 8 LTFs max

Wireless Communications
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802.11ac VHT PPDU Format: New VHT Preamble

[]A VHT Short Training Fields (VHT-STF):

i Used to improve automatic gain control estimation in MIMO transmission

[]A VHT Long Training Fields (VHT-LTF)

T Long training fields: may include 1, 2, 4, 6, or 8 VHT-LTFs.
T Mapping matrix for 1, 2, or 4 VHT-LTFs (same as in 802.11n) or 6 or 8 VHT-LTFs (added for

802.11ac).
[]A VHT-SIG-B:
i Describes length of data and MCS for multi-user mode. Bits are repeated for each 20 MHz sub-
band.
802.11n L-STF L-LTF L-SIG HT-SIG | HT-STF | HT-LTFs
PNFl)'DL{jMd < > ¢ > 4¢—> < > ¢——p ¢ » < >
(Mixed Mode) 2 symbols 2 symbols 1symbol, 2symbols, 1symbol 1symbol/LTF, 1 symbol = 4 ps
BPSK QBPSK 4 LTFs max
802.11ac L-STF L-LTF L-SIG | VHT-SIG-A |VHT-STF| VHT-LTFs VHT Data
VHT PPDU
< > < > —> < > —» ¢ > —> ¢ >
2 symbols 2 symbols 1symbol, 1symBPSK, 1symbol 1symb/LTF, 1symbol
BPSK 1sym QBPSK 8 LTFs max
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Multiple Antenna Techniques in 802.11ac

Spatial Expansion

(Transmit Diversity) Sl Tt . MIMO j
patial division multipiexing
4 ) (direct mapping) N E W
MISO - ~N Multi-user MIMO
Y Y R Space-time block MIMO (2x2)
Tx0- Rx . 1
Y/ coding (STBC) .Y §T'_ym f4 streams, 3 useD
TX1- [ \
\ j Xy, X, MISO Tx1 Xj?-iym Tx0 ; %RXU
—— \___ ), Tx1 Z Rx1
Receive Diversity e / _ _ Y Y
e N Vi Vs Transmit Beamforming Tx2 Rx
T}v(1-Y Tx3 Y—t
o S X X ) /" MIMO (4x2) ) E i 4
j z Rx0 %0 ;‘z
Rx0 ownlink only
= ¥ v Downlink onl
R N Up to 4 users
\_ J "y = Up to 4 streams/user
_ _ ) Total 8 streams max
Diversity \_  wvarx __ /

Improve robustness Multi-user

Spatial multiplexinq Increase System
Improve user throughput efficiency
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Transmitter Block Diagram, Single User

o | I [ Lorc Insert G
=) N BCC Constellatiof I . . Analogl__,
5= - =p tone 3 - »| IDFT=»{ and and RF
O Interleavef mapper mappe I |a Window
- lE | ! el
- |1 | — | [orc]y |2 o Insert G
o - g o el B|CC - Constellatlmr tone |V 5 =] CSD=b S > IDFT=¥  and > :rr]lglg%—b
= < i o -
5 2 s s nterleave : mapper mappe 118 =3 Window
—> S 5l 5 |1 | _’II x =
— © @ n o - ©
>_ - L] -_ ; L] - -
T @ 3 211 : I U . @
o LICJ (%) I = I - I n I £ (% n n [
L : L e ] : i
o ®
Q | — | | LDPC Q Insert G
5 —> | B(I:C ' Constellatiof tone N _E o || iDFT and > Anglllg%_>
8 | [Interleave mapper | mappel | Window an

<

1 to 8 outputs BCC or LDPC
used, not both

1to 8 inputs

From Figure 22-6, IEEE P802.11ac/D1.4
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Transmitter Block Diagram, Multi-User MIMO

: LDPC
_ Constellaﬂol: Insert G Analog__,
| | mapper tone = —> > IDFT=>1 and and R%
(@] () .
< ) 5 o mappet . . Window
k=) = O © - ]
—>| 2| El=>|Z S| =
SMEMEENE Z
>
I @ - f—j . LDPC Insert G
o o Constellatio one > F=lcs — »| IDETF=H ang =] Andlog—>
7| mapper =4 . and RA
_ mappel| = Window
User 1 (Using LDPC) =3
=
E L] [ ] L]
- . ©
— o8 BCC 5| Constellatiof cs i - - -
- o O3S 5 Interleavef mapper o . . -
= 5 3 G o
- B £ o) @
o 3 ) S s
> 5 3 5 S @ Insert G
I ) = N .| Constellatiof _
- (i 8§ > InteBr?eive' | mapper — > €S - —> [ 1DFT and > An3|;%_>
L o0 5 Window an
User N (Using BCC)
1to 4 users,
Up to 4 streams per user 1to 8 inputs

Maximum 8 streams total
From Figure 22-7, IEEE P802.11ac/D1.4
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Design Challenges: 256 QAM Modulation

256QAM requires better error vector magnitude (EVM) performance

Transmitter relative constellation error (EVM) spec for 256QAM is -32 dB
vs. -28 dB for 64QAM

Achieving better EVM requires better linearity and phase noise

Errors may be due to imperfections in IQ modulator, phase noise or error
In LO, or amplifier nonlinearity

Some phase noise can be removed by phase tracking in receiver, but
phase changes faster than a symbol period will not be tracked: will
impact EVM

Agilent design tools:

A SystemVue W1917 WLAN Baseband Verification Library can
simulate effects of various errors to assist in optimizing design

A 89600 VSA software can help identify causes of EVM
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Simulate Errors and Optimize System Design with
SystemVue W1917 WLAN Baseband Verification Library

A 2011.10 version includes signal processing blocks and
802.11ac reference designs for transmitter and receiver

A Allows early system architecture simulation and analysis,
algorithm development, or troubleshooting

A Go from design to test: generate I/Q waveform files for
download to signal generator, or analyze signals using
89600 VSA software

A Supported features:

- All channel bandwidths, modulation types and MCS
including 256QAM

- BCC and LDPC coding, STBC

- 1-8 spatial streams, up to 8 Tx antennas

- Single-user and multi-user MIMO

- Spatial mapping: direct mapping, spatial expansion, or
user defined

- WLAN TGac channel model

- Receiver supports timing and frequency sync, channel
estimation and phase tracking, demapping and decoding
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802.11ac Signal Analysis with 89600 VSA

& IEEE B02.11ac VHT OFDM - Agile

Eile Edit Control Input MeasSetp Irace

N[ o[E, Au

A1 Strml OFDM Meas

kWY M

Linkdag
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96008 Vector Signal Analysis
Markers Window  Utilities  Help

rimE
C: OFDM MIMO Eq Ch Freq Resp

Channel Frequenc
Response

‘| A Option BHJ 802.11ac
Modulation Analysis supports
all bandwidths and modulation
types, up to 4x4 MIMO

A 89600 VSA software provides
flexible display for optimal
viewing of MIMO results:

E: OFDM Error Summary ~

I Up to 20 simultaneous traces
and up to 20 markers per
trace

I Arbitrary arrangement and
size of windows

A Supports variety of hardware
configurations for the
performance, bandwidth, and
number of channels you need

Wireless Communications
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Example: Troubleshooting EVM with 89600 VSA

' I: Strml OFDM Err Wectk Spectrum
Rng -4 dBm

Start-122 carrier . Stp 122 carrier
Res Bw 312.5 kHz TimelLen 20 Sym

' B: Ch1 OFDM™ Error Summary - —

' I: Strmnl OFDM Err Mect Speckrum
Erng -4 dBm

% P e
Start-122 carrier
Res BWw 312.5 kHz

. tl:- 12 arier
Timelen 20 Swm

B: Ch1 OFDM Error Summary v

>
Chi Ch2 Ch3 Chd B
E'ha =44 461 b = =
EVFeak -31.358 % b Eaad
FilatE"hd 47013 b b e,
DataEWVhd 44612 F b ek
FroblEWkA 13165 b b e,
~ Y
AVO shape of

carrier indicates
problem with IQ
timing skew
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Ch1 Ch2 Ch3 Chd b
I Evihd 449707 - i
EvtiPeak 38137 - o
FilotEYhA -51.087 7 - i
DrataEvhd 49538 - o
PrmblEVR  -BO.E33 - o

'D: Ch1 OFDM Errar Surmniary

EZWiMproved from
-44.4 dB to -49.7 dB
after 1Q skew
adjustment

Agilent Technologies

Chi Che Ch3 Chd Biwrg
Enhd =019z e e -101492 4B
EvtPeak  -25185 e o -25185 dB
FilotEY T -30.845 e o -38.845 4B
CiataBwhd 0206 e o -10.206 dB
FreqErr o o o b 55852 Hz
SvmClkEr ™ - i - -0.4058 ppm
CFE o o o o 01714 %rms
100z et -G03VE T e e -B0.37E 4B
I00uadErr 0.05938 = e o 005938 deg
IQGainlmb  0.00708 e o o.ooroa 4B
10TimeSkew -0.0021 o e o -0.00210  ns
CrozzPur i o e o e
SyncCorr [IREECH T e o 04983145

OFDM Error
Summary display
shows IQ offset,
guadrature error,
gain imbalance, and
timing skew
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Improving PA Linearity with Digital Predistortion

>

SystemVue W1716 DPD Builder NS182 MXG

(as external modulator)

Device Under Test

simplifies and automates digital A
. . . | = £EreachREad.8
predistortion (DPD) design for power L DR
amplifiers u;ﬂ_' L et Sl
M9330A _::“7:;5. ¥ SystemVue
DPD requires 3-5 times the signal BW AN ,g

of the PA under test: need wideband | S —
i 1 i W1716 DPD
signal generation and analysis wineoen

Green = original signal
Blue = PA without DPD
Red = PA with DPD

1. Stimulus waveform downloaded to
wideband AWG, upconvert to RF
with MXG or ESG signal generator

22PAG0OS response captu
M9392A and 89600 VSA software

3W1716 compares PAOGS
desired signal and creates DPD
model

4. W1716 creates waveform with DPD
and downloads to AWG. PA
response measured to verify DPD.

-35

45

m (dBm)

-55

Spectrul

-65
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Test Challenge:
Generating Wider Bandwidth Signals

802.11ac Waveform Creation Software

A SystemVue W1917 WLAN Baseband Verification Library

I 2011.10 release includes 802.11ac reference designs for transmitter and
receiver

I Supports BCC and LDPC coding, all channel bandwidths and MCS, SU-
MIMO and MU-MIMO with up to 8 spatial streams, channel model

A N7617B Signal Studio for WLAN
I Basic option for component test, advanced option for receiver test

I Supports BCC and LDPC coding, all MCS, up to 4 spatial streams, and SU-
MIMO or MU-MIMO

I Create 20, 40, and 80 MHz BW signals with N5182A MXG, E4438C ESG,
E8267D PSG, and N5106A PXB

I Create 80+80 MHz signals with two ESGs or MXGs (RF summing)
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Hardware for Generating 80 MHz Signals

Sampling rate limitations

A Max sample rate for many RF signal generators cannot support 2x oversampling
for 80 MHz bandwidth signals

A 1x oversampling results in images at band edges from aliasing: need to use
fractional oversampling to allow filtering of images

A Recommended HW: N5182A MXG (better EVM performance than E4438C ESG)

1x OSR Signal from N5182A MXG N7617B Signal Studio Waveform
with images at band edges from N5182A MXG: no images
W s chispectn [T I chspecnm [
Frg - dBEm Frg -4 dEm
-20 =20
dErm dBmn
Logkdag 7S Loghdag
'I Limul T T T T T 'II:I T T TT
. | !I T [ | e [ [ Il
idiv ! Idiv i
-120 -120
dBm dBrn
Center 5.8 GHz Span 100 MMHz Center 5.8 GHz Span 100 kHz
Res Bw 44 9367 kHz TimelLen 85 uSec Rez Bw 44 9357 kHz Timelen 85 uSec
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Hardware for Generating 160 MHz Signals

_ _ 160 MHz signal from 81180A and N5182A MXG
Use wideband arbitrary waveform

generator (AWG) to create analog 1/Q
signal, apply to external I/Q inputs in
RF signal generator

Need I/Q adjustments (example: IQ
skew, gain balance)

Recommended Agilent wideband AWGs:

A81180A: 12 bits, up to 4.2 Gsa/s, 1
GHz BW/channel, 64MSa memory

AMB8190A: 12 or 14 bits, up to 12 Gsa/s,
5 GHz analog BW, 2GSa memory,
AXle form factor

e
81180A M8190A
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