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The Frequency Allocations...

Europe 100mwW
ISM
Japan 10 dBm/MHz
ISM
USA 1W*
ISM
|
2.000 2.400 2.4835 3.000
2.4 GHz Band
*Per FCC 00-312, CFR 47 part 15 amended to allow 1W divided by BW in MHz (e.g. 5 MHz = 200mW)
Europe 200mw 1w
HIPERLAN HIPERLAN
1 i
|| High Speed;Wireless Access .
1 : 1
- usa EEIT
! U-NII | U-NII i
1 i i
1 1 : I
4.9 5.000 5.150 5.250 5.350 5.470 5.725 5.825 6.000
5 GHz Band
ISM = Industrial, Scientific and Medical
HIPERLAN = Hlgh PERformance LAN
U-NII = Unlicensed National Information Infrastructure i ) i
~2.2 Agilent Technologies Page 2



A Bit More Detail on the 2.4 GHz Band

 The 2.4 GHz band is a license exempt frequency allocation of
2.400 to 2.4835 GHz for Industrial, Scientific and Medical (ISM)
use. It is available Worldwide.

 The ISM band is unlicensed / license exempt, but it is not
unregulated. Inthe USA, the bands are covered by FCC CFR

47 part 15. In Europe, by ETS 300 328. In Japan, by ARIB
STD-T66

« The FCC and ETSI have historically had very specific guidelines
for modulation used in the 2.4 GHz band. Hence many of the
systems have similar physical layer specs. CCK modulation is
unusual, it “bent the rules” to create a signal that can carry 11
Mbps rather than 2 Mbps.

» FCC have since relaxed rules further to allow OFDM at 2.4 GHz
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IEEE802.11b Tx Specifications Overview

18.4.7.1 — Transmit power levels

18.4.7.2 — Transmit power level control

18.4.7.3 — Transmit spectrum mask

18.4.7.4 — Transmit center frequency tolerance
18.4.7.5 — Chip clock frequency tolerance

18.4.7.6 — Transmit power-on and power-down ramp
18.4.7.7 — RF carrier suppression

18.4.7.8 — Transmit modulation accuracy

18.4.6.8 Transmit and receive in-band and out-of-band
spurious emissions
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802.11b Tx Measurements Configuration

2.4 GHz

PSA / H70 89611A
OR

89641A or 89640A

Agilent Technologies Page 5



Transmitter Test:
18.4.7.1 Transmit power levels

« Maximum QOutput Power:
USA:30dBm
Europe:20dBm(EIRP)
Japan:10dBm/MHz
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Transmitter Test:
18.4.7.2 Transmit power level control

 Power control shall be provided for transmitted power
greater than 100 mW.

« A maximum of four power levels may be provided.

« As aminimum, a radio capable of transmission greater

than 100 mW shall be capable of switching power back to
100 mW or less.
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Transmitter Test:
18.4.7.3 Transmit spectrum mask

« The measurements shall be made using a 100 kHz
resolution bandwidth and a 100 kHz video bandwidth.

Transmit Spectrum Mask \ 0 dBr Unfiltered Siroc/x
=20 dBr,

|
fc-22MHz  fc-11 MHz fc fc+11 MHz ¢ +22 Mhz

dBr (dB relative to the SINx/x peak)
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802.11b Transmit spectrum mask

Tatal Puer: 522 dBm

ik
L

spectrum (Ret P=0)

Meas Setup
Awg Mumber
Hz Trig  Free 10
coz 110 [ | =
Meas Type
PSD Ref

spectrum (Ref: P30

Fef Channel *

bdeas BUWH=)
0 ke
100000 k

offsetlLimits  *+

Abs Limit Rel Limit
Total Pur: £100.000 kH=z Dptlmlze
Il poe
( Ref Level
More
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]

~2.2 Agilent Technologies

Page 9



Transmitter Test:
18.4.7.4 Transmit center frequency tolerance

» Center frequency tolerance shall be 25 ppm maximum.

(=60kHz)
Transmitter Test:

18.4.7.5 Chip clock frequency tolerance
« Chip clock frequency tolerance 25 ppm maximum.

3 & gilent 89600 Vector Signal Analyzer 8] x|
|| Fle Edit Contol Sowre Input MeasSetup Disploy Trace Markers Utilities Help |
[»nle||@®c @ sm: *[weo i M||§ 0% Coloma  ~

D: Ch1 D333 Syms/Errs Range: 177 8279 mY'
802.11b 1000 chip Peak EviE 1.7407 Y

1> Center frequency tolerance

= = 1.0034 Yarms 24617 Y%pk at chip 13683

MagErr  =794.37 m%ms 17941 Y%pk at_c Il »Chip clock frequency tolerance
Fhase Er = 351.27 mdeq 1.40%1 at chip 1365

Fregq Err = 31263 z 0 Offset = -33.253 dB

Cuad Err = -38.643 mdeq Gain Imb = 0.02

Sync Cor = 0.99973 SymCIkEr = -0.14 Sk ppm

Status = SFDOK, Header OK, MACFCS Ok

BurstType = CCKI1/short Bit Rate = 11.000 hibps

0 00000000 00000000 00000000 0oooo000 00000000 00000000 00000000 000D AAAS
32 AAAAALAAL AMAAAAAL AMAAAAAL AAAMSAAL AAAMAAAANL AAAAAANS AAAAAARA AASALAAA
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Transmitter Test:
18.4.7.6 Transmit power-on and power-down
ramp
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Transmitter Test:
18.4.7.7 RF carrier suppression

e measured at the channel center frequency, shall be at
least 15 dB below the peak SIN(x)/x power spectrum.

e transmitting a repetitive 01 data sequence with the
scrambler disabled using DQPSK modulation.

« A 100 kHz resolution bandwidth shall be used to perform
this measurement.
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Transmitter Test:
18.4.7.7 RF carrier suppression

File Edit Contol Zoumce Input MeasSetop Display Trace IMarkers Utilities Help

» Il e[ @B © @D singe a1 S L v

Logtdag

dE F;I

- INT REF
%2 Agilent Technologies

M easurement running

=101 %]

Fange: -10 dBm

Spar: '|||HH._
T|r|||-'|_ i 30 uSec

CaL: Ok
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Transmitter Test:
18.4.7.8 Transmit modulation accuracy

« Modulation accuracy shall be determined by measuring the peak vector error
magnitude during each chip period.

e The measurement shall be made under the conditions of continuous DQPSK
transmission using scrambled all one’s.

Q@ EVM not exceed 35% in 1000 samples

: Magnitude of the Error Vector
Magnitude Error

(I/Q error ma?)\
Error Vector .-~
/N Error Vector Phase
Measured ,/9 \
Signal
ldeal Signal
(Reference)

Phase E”or{,fzf‘.-? ‘i&?{eﬁp ?ggnulpgies
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EVM Time Display

li'i' A glent 89600 YVector Siznal Analy=er

| File Edit Control Source [nput MessSetup Display Trace Markers Ufilities Help

=10 x|

» Il | “@ (B @ﬁ Single - ‘T o i I ”@ 504  Color Normsl -
D Chl DSSSSaadls Fange: 177.8279 mY
802.11b 1000 chign Feak EvhE ‘I.Fdlil.'f'\ r N
- 802.11b
Et = 1.0034 Yarms 24617 %pk at chip 1368 required
Mag Err = 79437 m%rms 1.7941 Y%pk at chip 1700
Phase Er = 35127  mdeg 14091  deg pk at chip 1368 EVM
Freq Err = 31263 Hz Iy Offzet = -33.255 dB
Cluad Err = -30.643 mdedg Gain Imb = 0.02 dB
=ync Corr = 099973 symClkEr = -0.14 ppam
Status = SFDOK, Header Ok, MACFCS OK
BurstType = CCKI11/short Bit Rate = 11.000 Mbps

0 oooooood oooooood aoooodod goooooodd ooooooodd ooooooo0 0oo00000 0000AAAL,
32 AAAAALLL AAAALLALL AAAAALLL AAAAAALL AAAAAAAL AAAAAAAL AAAALAAL AAAALALAL

| Playback Measurement - recording 80211b-CCK11-:|

ExT REF |

CAL Mone |& |F E(abs) 4

Agilent Technologies

Page 16



Transmitter Test:
18.4.6.8 Transmit and receive in-band
and out-of-band spurious emissions

e Spurious transmissions from compliant devices shall
conform to national regulations.
 For the USA, refer to FCC 15.247, 15.205, and 15.209.
 For Europe, refer to ETS 300-328.

 For Japan, refer to the MPT ordinance for Regulating
Radio Equipment, Article 49-20.
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IEEE802.11b Rx Specifications Overview

18.4.8.1 — Receiver Minimum input level sensitivity
18.4.8.2 — Receiver Maximum input level

18.4.8.3 — Receiver adjacent channel rejection
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Rx Testing Configuration

Golden Sample

OR

G

Bl |
20w
@l )

0000000

mlll'\

E4438C VSG
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Recelver Test:
18.4.8.1 Recelver Minimum input level sensitivity

e Input signal: —=76dBm,11Mbit/s CCK modulation
« Minimum requirement(FER,Frame Error Rate)
<=8*102,1024 octets PSDU*

*PSDU:PLCP service data units
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Receiver Test:
18.4.8.2 Recelver Maximum input level

e Input signal: —=10dBm ,11Mbit/s CCK modulation
« Minimum requirement (FER,Frame Error Rate)
<=8*102,1024 octets PSDU
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Recelver Test:
18.4.8.3 Receiver adjacent channel rejection

e Adjacent Input signal: —35dBm,11Mbit/s CCK

* Input signal: —=70dBm,11Mbit/s CCK

« Two channel>=25MHz

« Minimum requirement (FER,Frame Error Rate)
<=8*1072,1024 octets PSDU
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802.11a Tx Measurements Configuration

[t

PSA /H70

89641A
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IEEE802.11a Specifications Overview

17.3.9.1 — TX power level

17.3.9.2 — TX spectrum mask

17.3.9.3 — TX spurious

17.3.9.4 — TX center freq. tolerance
17.3.9.5 — Symbol clock freq. tolerance
17.3.9.6.1 — TX carrier leakage
17.3.9.6.2 — TX spectral flatness
17.3.9.6.3 — TX constellation error
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17.3.9.1 — TX power level

Frequency band (GHz)

Maximum output power with up to 6 dBi
antenna gain(mw)

50mW(200mW EIRP with 6dBi antenna

>:15-5.25 gain) or 2.5mW/MHz
250mW(1W EIRP with 6dBi antenna gain)
9-25-5.35 or 12.5mW/MHz
5 7955 805 1W(4W EIRP with 6dBi antenna gain) or

50mW/MHz

Agilent Technologies
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TX power level
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17.3.9.2 — TX spectrum mask

 The transmitted spectrum shall have a O dBr (dB relative to the
maximum spectral density of the signal) bandwidth not exceeding 18
MHz, —20 dBr at 11 MHz frequency offset, —28 dBr at 20 MHz frequency
offset and —40 dBr at 30 MHz frequency offset and
above.(RBW=100kHz,VBW=30kH2z)

Power Spectral Density (dB)

[ransmit Spectrum Mask
(not to scale)

20dB

— —— — — 1 — — = — Typical Signal Spectrum
(an example)

30 20 11 -9 fc 9 11 20 30

Frequency (MHz)

FCC limits devices operating in U-NIl band should be less than 20 MHz of emission bandwidth
2.5 Agilent Technologies Page 28



802.11a Transmit spectrum mask

Agilent 14:35:40 Mov B, 2002

Ch Freq 5.18 GHz
Spectrum Emission Mask 802,114

Total Pwe: -10.42 dBm

Yef 0.00dEm spectrum (Ref: P30

10.00
dBs

Abs Limit

Fel Limit

Total Pur: -10.42 dBm F 220000 MH=z Feak FSD Ref:
Loawer

Trig  Free

-23.75 dBm 4 100.000 kH=
Upner_

Copyright 2000-2002 Agilent Technalog

a*a
T

T,

Agilent Technologies

heasure

Spectrum
Emission Mask

More
2of 2
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17.3.9.3 — TX spurious

e Spurious transmissions from compliant devices shall
conform to national regulations.

17.3.9.4 — TX center freq. tolerance

 The transmitted center frequency tolerance shall be * 20
ppm maximum. The transmit center frequency and the
symbol clock frequency shall be derived from the same
reference oscillator.

17.3.9.5 — Symbol clock freq. tolerance

 Symbol clock frequency tolerance shall be £ 20 ppm
maximum.

Agilent Technologies
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Measure TX center freq. and Symbol clock
freq. tolerance

center freq. tolerance

Symbol clock freg. tolerance
A2 Chl OFDM SymsiZrrs / Fange: -26 dBm
Bl = -40.37b d Bl = 95762 mS%r
FilotEYM = -42.752 B CFE = 24050  m%fms
Frey Ermr = 14909 % Hz I} Offset = -B5.893 dB
sync Corr = 097969 SymCIkEr = 1.19 e PR
hod Fmt = B40AM
COctets = 486 Symbaols =19
Code Hate = 3/4 Bit Rate = 54.000 Mbps

0 ooo10100 01070000 010000017 01010000 01000901 Q1000100 0001 01
28 00000000 oooqoood oooooqoo oooooood 01000000 01000000 OO0192F2A,
b ZEDZ0120 35392105 02260610 31032217 0132002F 122401 031AIE09
g4 FJE270120 O00G9300A O30B2C14 12231600 00193712 10011A11 1ATE34M1
112 19342106 23191528 302C290F 27013030 27270706 1428534 30202501
140 161E2B0Z D12C0F05 172EIETE OBDDZ2414 11110F0A 32340632 01343331
168 Ob342217 0012738 342101268 2e203203 00 1066 ZBEOF3COM 01271730
196 1B0AIDS 10531608 2A27003A 283F3011 05172621 18103108 1E2ENZ0
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17.3.9.6.1 — TX carrier leakage

 The data for this test shall be derived from the channel
estimation phase(Long Training sequence).

 Such leakage shall not exceed -15 dB relative to overall
transmitted power or, equivalently, +2 dB relative to the
average energy of the rest of the subcarriers.
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Measuring Center Frequency Leakage
With std features: time gating, band power, C/N marker

i Agilent 89600 Vector Signal Analyzer G - |EI |i|
“ File Edit Control Source Input MeasSetup Display Trace Markers Uflites Help |
“ 3 |T| * “|E® (C) (D) Stacked 2 = “ | m M “ g S50% Color Morma -
A Chl Gate Spectrum Fange: -20 dBm
30 A AR A AR A A AT Band Power measures
ARARARAARAMA during the short
RHARERIER SR ane.
BT N A AN A T e T TS A sync.
i f f | ! ik
|
-130 w
dBm '
Center: 1 GHz Span: 31.26 MHz
REW: 478.917 kHz Gatelen: 7.975 usec
B: Ch1 Main Time Fange: 31 62278 mY
10
LdBr:Pk < Time Gating selects just
oghda
o e A the short sync sequence.
dB
Jddive i
-90
dBYpk
Start: 0 Sec Stop: 25.575 usec
L Marker: 1 000 000 000.0 He -83.179 dEm C/N marker Computes
C/N: -60.354 dB .
|Measurement paused - recording 802112 sdf | EXTREF | CAL MNone Y Ieakage at carrier

#zero.
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Measuring Center Frequency Leakage
Readout from Syms/Error Table

carrier leakage

A2 Chl OFDM Syms/Errs /Hange: -Z26 dBm
Bl = -40.37b dB Bl = 85/B2  m%rm
FilotEYM = -42.752 dB CFE = 24b.50  m%pfis
Freq Err = 1.4903 Hz 0 Offset = -65.893 %~ dB
sync Corr = 097969 SymClkEr = 119 PR
hod Fmt = B40AM
COctets = 486 Symbaols =19
Code Hate = 3/4 Bit Rate = 54.000 Mbps

0 ooo10100 01070000 010000017 01010000 01000901 Q1000100 0001 01
28 00000000 oooqoood oooooqoo oooooood 01000000 01000000 OO0192F2A,
b ZEDZ0120 35392105 02260610 31032217 0132002F 122401 031AIE09
g4 FJE270120 O00G9300A O30B2C14 12231600 00193712 10011A11 1ATE34M1
112 19342106 23191528 302C290F 27013030 27270706 1428534 30202501
140 161E2B0Z D12C0F05 172EIETE OBDDZ2414 11110F0A 32340632 01343331
168 Ob342217 0012738 342101268 2e203203 00 1066 ZBEOF3COM 01271730
196 1B0AIDS 10531608 2A27003A 283F3011 05172621 18103108 1E2ENZ0
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17.3.9.6.2 — TX spectral flathess

 The data for this test shall be derived from the channel
estimation step (Long Training sequence).

o Spectral lines —16.. -1 and +1.. +16 will deviate no more than + 2
dB

e Spectral lines —26.. —17 and +17.. +26 will deviate no more than
+2/-4 dB
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Channel Freq Response
Equalizer-based

B: Chl OFDK Eq Ch Freg Resp Fange: -20 dBm
5
dB
Loghag Dlsplgy as
Amplitude
N (P E— T S S Response,
- / . Phase Response,
Jiliv Impulse Response,
or Group Delay.
5
dB
=tart -2k carrier =top: 26 carmer
EBEW: 3125 kHz Timelen: 3.2 uSec
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17.3.9.6.3 — TX constellation error

* The test shall be performed over at least 20 frames (N;),
and the RMS average shall be taken. The packets under
test shall be at least 16 OFDM symbols long. Random data
shall be used for the symbols.

Data Rate (Mbit/sec) | Relative Constdlation Error (dB) | EVM (%RMS)

6 -5 56.2
9 -8 39.8

12 -10 31.6

18 -13 22.3

24 -16 15.8

36 -19 11.2

48 -22 7.9

54 -25 5.6
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Modulation Quality Metrics
Symbols/Errors Display: “At-a-glance” summary
of modulation quality.

L Ch1 OFDR Svms/Errs Fange: -20

E*h

-34.072 dBEse  E'Whd 11127 Zarms

FilotE 'k

Freq Err
ownc Carr

kAo Frt

Dctets

Code Rate

-42.137 dB CFE 35420 m¥arms

4.7337 Hz I Offzet
0.54996Y

-59.278 db

BACIAM
1917 =wmhbols
3/4 Bit Rate

71
H4.000 bbps

I
24
48
fe
96

120

Bits are coded and interleaved; you can’t read them directly!

gooioooo oooToooo ocooroooo 01070700 0ror0q 07 orooo0on
oool 01 0ooooool 01010007 07000707 o0000000 070007100
010007107 00310A16 2538011F F0005E16 22341925 23192E2A
oroqobea 1TE1210  3D241E30 002CO120 15050807 2438033E
2392438 0D0252E3D 12143327 39311401 103C0O8E2E 193A0003
22291F24 0D011674 193C3323 JC0aZ2d 2A2AD007 14263626

* Overall EVM in dB as required by 802.11a spec

/EVM

}

Agilent Technologies

As read from
preamble. (n/afor
HiperLAN/2)

Binary for B-QPSK
(incl preamble and
pilots), Hex for
QAM'’s, blank for
carrier zero.
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IEEE802.11a Specifications Overview

17.3.10.1 — Receiver minimum input level sensitivity
17.3.10.2 — Adjacent channel rejection

17.3.10.3 — Non-adjacent channel rejection

17.3.10.4 — Receiver maximum input level
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Recelver performance--Solutions
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17.3.10.1 Receiver minimum input level sensitivity

« PER( packet error rate):<=10% at a PSDU length of 1000

byte.

Data rate (Mbits/s) Minimum sensitivity .-\.Llj-'.hll.'i.'lll.l |:I.|u||nl.'l .-"..Il.d.'rnutl: ill’.l:jilt'i.‘llt
(dBm) rejection (dB) channel rejection (dl3)

§) w2 16 32

9 =1 |5 31

12 Y 13 24

= ¥ Il 27
24 74 8 24
A il 4 20
4= 56 il 16
>4 Hh3 | 15

':1;.12: Agilent Technologies
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17.3.10.2 Adjacent channel rejection

o Stepl: Desired signal's strength 3 dB above the rate
dependent sensitivity

e Step2: Raising the power of the interfering signal(adjacent
channel OFDM signal,20MHz spacing) until 10% PER is
caused for a PSDU length of 1000 bytes.

e Step3: Power difference between the interfering and the
desired channel is the corresponding adjacent channel
rejection.

20 MHz 20 MHz
%

i ! . . [y
5725 5745 5765 5785 5805 5825
Lower Band Edge Upper Band Edge

o 'l_.. ﬂulll.rlll. I““llll"luulug Page 42




17.3.10.3 Non-adjacent channel rejection

o Stepl: Desired signal's strength 3 dB above the rate
dependent sensitivity

e Step2: Raising the power of the interfering signal(Non-
adjacent channel OFDM signal,40MHz spacing) until 10%
PER is caused for a PSDU length of 1000 bytes.

e Step3: Power difference between the interfering and the
desired channel is the corresponding alternate adjacent
channel rejection.
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17.3.10.4 Recelver maximum input level

« Maximum input level of —30 dBm.
e PER<=10% at a PSDU length of 1000 bytes.
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IEEE802.11g Test Overview

« The 802.11g PHY transmitter standard essentially consists
of the full 802.11b specification, plus the 802.11a
specification with 802.11b channel assignments.

 Use the 802.11b tests for measuring CCK mode
transmissions.

e Use the 802.11a tests for measuring OFDM mode
transmissions. But the specification limits for the Center
Frequency Tolerance and Clock Frequency Tolerance can
be relaxed to +/-25 ppm, less stringent than the 802.11a
standard.
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