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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission
form the specialized system for worldwide standardization. National bodies that are members of ISO or ™ E(
participate in the development of International Standards through technical committees established~by th
respective organization to deal with particular fields of technical activity. ISO and IEC technical committee
collaborate in fields of mutual interest. Other international organizations, governmental and non-goverpmental, i
liaison with ISO and IEC, also take part in the work.
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International Standards are drafted in accordance with the rules given in the ISO/IECDirectivesy Part 3.

In the field of information technology, ISO and IEC have established a joint techrical cogmittee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee arg citciated to\natie
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Introduction

(This introduction is not part of IEEE Std 802.11a-1999, Supplement to IEEE Standard for Information technology —
Telecommunications and information exchange between systems—Local and metropolitan area networks—Specific
Requirements—Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications: High-
speed Physical [ ayerin the S GHz Band )

This standard is part of a family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to
IEEE standard numbers.)
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* Formerly IEEE Std 802.1A.

This family of standards deals with the Physical Data Link la¥ers as defined by the International Organiza-
tion for Standardization (ISQ) Open_ System connectioh (OSI) Basic Reference Model (ISO/IEC
$ 8 dium access technologies and associated physi-

investigation.

The standards @ & the technplogies are as follows:

and Architecture. This standard provides an overview to the family
02 Standards.

/MAN Management. Defines an OSI management-compatible architec-
ture, and services and protocol elements for use in a LAN/MAN environment
for performing remote management.

td . Media Access Control (MAC) Bridges. Specifies an architecture and protocol
[ISO/IEC 15802-3] for the interconnection of IEEE 802 LANs below the MAC service boundary.

* ANSIIEEE Std 802.1E  System Load Protocol. Specifies a set of services and protocol for those
[ISO/IEC 15802-4] aspects of management concerned with the loading of systems on IEEE 802
LANS.
* JEEE Std 802.1F Common Definitions and Procedures for IEEE 802 Management Information

e ANSUIEEE Std 802.1G ~ Remote Media Access Control Bridging . Specifies extensions for the intercon-
[ISO/TEC 15802-5] nection, using non-LAN communication technologies, of geographically sepa-
rated IEEE 802 LANs below the level of the logical link control protocol.

Copyright © 2000 IEEE. All rights reserved. iii
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ANSI/IEEE Std 802.2
[ISO/IEC 8802-2]

ANSI/IEEE Std 802.3
[ISO/IEC 8802-3]

Logical Link Control

CSMA/CD Access Method and Physical Layer Specifications

In addition to the family of standards, tk
Layer technology:

The following additional

e IEEE 802.14::
IEEE 802.15

IEEE 802.16

ANSI/IEEE Std 802.4
[ISO/IEC 8802-4]

ANSI/IEEE Std 802.5
[ISO/IEC 8802-5]

ANSI/IEEE Std 802.6
[ISO/IEC 8802-6]

ANSI/IEEE Std 802.9
[ISO/IEC 8802-9]

ANSI/IEEE Std 802.10

IEEE Std 802.11
[ISO/IEC DIS 8802-11]

ANSI/IEEE Std 802.12
[ISO/IEC DIS 8802-12]

IEEE Std 802.7

Token Passing Bus Access Method and Physical Layer Specifications

Token Ring Access Method and Physical Layer Specifications

Distributed Queue Dual Bus Access Method and Physical Layer Spécifica-
tions

Integrated Services (IS) LAN Interface at the Mediu Access"Control and
Physical Layers

Interoperable LAN/MAN Security

Wireless LAN Medium Access Control &

tions

roadband Wireless Access Method and Physical Layer Specifications

iv

Copyright © 2000 IEEE. All rights reserved.
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Editor’s Notes

Clause 4, subclause 9.1, and Clause 17 in this supplement will be inserted into the base standard as an addi-
tional PHY specification for the 5 GHz unlicensed national information infrastructure (U-NII) band.

[a i) 41 . Todad o ol 1 PR w B § | . . -~ — " 41 L — M
LTIICIC AT UIITU dIITICATS TTICITUUCU TIT UIS buyy161ucut. I UllUWlllé dlC U UCLIVUILNS U lllClsC UIC TIITUTTTIIAatIUIL 111

these annexes into the base document.

Annex A: This annex shows a change to the table in A.4.3 of the base standard (IUT configuration) and the
addition of a new subclause. Item *CF6 should be added to the table in A.4.3 of the base standard. The entire
subclause A.4.8 (Orthogonal frequency division multiplex PHY functions) should be added to the end“of
Annex A in the base standard (i.e., after A.4.7).

Copyright © 2000 |IEEE. All rights reserved. \4
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Amendment 1:
Layerinthe 5 G

instructions contained in this supplement define how to merge the material contained
IEEE Std 802.11, 1999 Edition), to form the new comprehensive standard as cre-

material). Delete removes existing materia. | nsert adds new material without disturbing the existing material. Insertions
may require renumbering. If so, renumbering instructions are given in the editing instructions. Editoria notes will not be
carried over into future editions.

Copyright © 2000 IEEE. All rights reserved. 1
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IEEE Std 802.11a-2000 INFORMATION TECHNOLOGY —

4. Abbreviations and acronyms

Insert the following acronyms alphabetically in the list in Clause 4:

BPSK binary phase shift keying

C-MPDY coded MPDT

FFT Fast Fourier Transform

GI guard interval

IFFT inverse Fast Fourier Transform

OFDM orthogonal frequency division multiplexing
PER packet error rate

QAM quadrature amplitude modulation

QPSK quadrature phase shift keying

U-NII unlicensed national information infrastructure

9.1 Multirate support
Add the following text to the end of 9.6:

on/ID field is determined
primitive. The calculation

For the 5 GHz PHY, the time required to transmit a frary
using the PLME-TXTIME.request primitive and the RL!
method of TXTIME duration is defined in A7.4.3.

10.4 PLME SAP interface

Add the following text to th

Add the following su
10.4.6 PLME- ; ii

end of 10.4:

This primitive provides the following parameters:

PLME-TXTIME.request(TXVECTOR)

The TXVECTOR represents a list of parameters that the MAC sublayer provides to the local PHY entity in
order to transmit a MPDU, as further described in 12.3.4.4 and 17.4 (which defines the local PHY entity).

2 Copyright © 2000 IEEE. All rights reserved.
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ISO/IEC 8802-11:1999/Amd 1:2000(E)
HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND IEEE Std 802.11a-2000

10.4.6.3 When generated

This primitive is issued by the MAC sublayer to the PHY entity whenever the MAC sublayer needs to deter-
mine the time required to transmit a particular MPDU.

— 10.4.6.4 Effect of receipt

The effect of receipt of this primitive by the PHY entity shall be to generate a PHY-TXTIME.confirm primi-
tive that conveys the required transmission time.

10.4.7 PLME-TXTIME.confirm

10.4.7.1 Function

This primitive provides the time that will be required to transmit the PPDU descyil
PLME-TXTIME.request.

a.corresponding

10.4.7.2 Semantics of the service primitive
This primitive provides the following parameters:

PLME-TXTIME.confirm(TXTIME)

thé& additions that have to be made to the base standard to accommodate the OFDM PHY. The radio fre-
quency LAN system is initially aimed for the 5.15-5.25, 5.25-5.35 and 5.725-5.825 GHz unlicensed
national information structure (U-NII) bands, as regulated in the United States by the Code of Federal Regu-
lations, Title 47, Section 15.407. The OFDM system provides a wireless LAN with data payload communi-
cation capabilities of 6. 9. 12. 18. 24, 36. 48. and 54 Mbit/s. The support of transmitting and receiving at data

rates of 6, 12, and 24 Mbit/s is mandatory. The system uses 52 subcarriers that are modulated using binary or
quadrature phase shift keying (BPSK/QPSK), 16-quadrature amplitude modulation (QAM), or 64-QAM.
Forward error correction coding (convolutional coding) is used with a coding rate of 1/2, 2/3, or 3/4.

Copyright © 2000 |IEEE. All rights reserved. 3
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ISO/IEC 8802-11:1999/Amd 1:2000(E)
IEEE Std 802.11a-2000 INFORMATION TECHNOLOGY —

17.1.1 Scope

This subclause describes the PHY services provided to the IEEE 802.11 wireless LAN MAC by the 5 GHz
(bands) OFDM system. The OFDM PHY layer consists of two protocol functions, as follows:

a) A PHY convergence function, which adapts the capabilities of the phyvsical medium dependent

(PMD) system to the PHY service. This function is supported by the physical layer convergence pro-
cedure (PLCP), which defines a method of mapping the IEEE 802.11 PHY sublayer service data
units (PSDU) into a framing format suitable for sending and receiving user data and management
information between two or more stations using the associated PMD system.

b) A PMD system whose function defines the characteristics and method of transmitting and receiving
data through a wireless medium between two or more stations, each using the OFDM systemy

17.1.2 OFDM PHY functions

17.1.2.1 through 17.1.2.4.

The OFDM PHY service is provided to the MAC through the
of IEEE Std 802.11, 1999 Edition.

17.1.2.1 PLCP sublayer

17.1.2.2 PMD sublaye

concerned with t: 5¢
17.1.2.3 PHY A€

vided: It is imposrtant to distinguish between a model and a real implementation. The models are optimized
forsimplicity and clarity of presentation; the actual method of implementation is left to the discretion of the
1IEEE 802.11 OFDM PHY compliant developer.

The service of a layer or sublayer is the set of capabilities that it offers to a user in the next higher layer (or
sublayer). Abstract services are specified here by describing the service primitives and parameters that char-

acterize each service. This definition is independent of any particular implementation.

4 Copyright © 2000 IEEE. All rights reserved.
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ISO/IEC 8802-11:1999/Amd 1:2000(E)
HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND IEEE Std 802.11a-2000

17.2 OFDM PHY specific service parameter list
17.2.1 Introduction

The architecture of the IEEE 802.11 MAC is intended to be PHY independent. Some PHY implementations

require medinm manacement state machines runnine in the MAC sublaver in order to meet certain PMD
+ = =

requirements. These PHY-dependent MAC state machines reside in a sublayer defined as the MAC sublayer
management entity (MLME). In certain PMD implementations, the MLME may need to interact with the
PLME as part of the normal PHY SAP primitives. These interactions are defined by the PLME parameter list
currently defined in the PHY service primitives as TXVECTOR and RXVECTOR. The list of these parame:
ters, and the values they may represent, are defined in the specific PHY specifications for each PMD. This
subclause addresses the TXVECTOR and RXVECTOR for the OFDM PHY.

17.2.2 TXVECTOR parameters

The parameters in Table 76 are defined as part of the TXVECTOR
TXSTART.request service primitive.

\_the PHY-

Table 76 —TXVECTOR paramete

Parameter Associate primjtive \731%

LENGTH PHY-TXST. T@st —40
/\XVEC R)

DATATRATE PH TAR requeg\ %,/9, 2,18, 24, 36, 48,
\<§7§(V T and54
d }s%A

(Support of 6, 12, and
24 data rates is manda-
tory.)

quest | Scrambler initializa-
( CTOR tion; 7 null bits + 9
reserved null bits

WSTART.request 1-8
VECTOR)

SERVIC \(

e Yto determine the number of octet transfers that will occur between the MAC and
the PHY Jafter receiving a request to start the transmission.

17.2.2.2 TXVECTOR DATARATE

The DATARATE parameter describes the bit rate at which the PLCP shall transmit the PSDU. Its value can
be any of the rates defined in Table 76. Data rates of 6, 12, and 24 shall be supported; other rates may also be

supported.

Copyright © 2000 |IEEE. All rights reserved. 5
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ISO/IEC 8802-11:1999/Amd 1:2000(E)
IEEE Std 802.11a-2000 INFORMATION TECHNOLOGY —

17.2.2.3 TXVECTOR SERVICE

The SERVICE parameter consists of 7 null bits used for the scrambler initialization and 9 null bits reserved
for future use.

17.2.2. 4 TXVECTORTXPWR_LEVEL

The allowed values for the TXPWR_LEVEL parameter are in the range from 1-8. This parameter is used to
indicate which of the available TxPowerLevel attributes defined in the MIB shall be used for the current
transmission.

17.2.3 RXVECTOR parameters

The parameters listed in Table 77 are defined as part of the RXVECTOR parapteter list iiothe PHY-

RXSTART.indicate service primitive.

Table 77—RXVECTOR paramett?\x

Parameter Associate primitive < \ @ \
LENGTH PHY—RXSTART.in}icite\ 09}\ \\/

RSSI PHY-RXSTART.indic#te W

(RXVECTO(R)\

DATARATE —R RT Tequest {18, 24, 36,
nd 5
SERVICE Jequest Null
RX TO

17.2.3.1 RXVECTOR

~I'his parameter is a measure by the PHY sublayer of the energy observed at the
¢ the current PPDU. RSSI shall be measured during the reception of the PLCP pream-
to be used in a relative manner, and it shall be a monotonically increasing function of

antennd ysed toecei
ble. RSSI is intended
the\received power.

17.2.3.3 DATARATE

BPATFARATE elewld —] 1 - - o odestl ~PRDRILL . 11 1 1 1 el
DATAINNATL SIAIl ICPLCDCIIL UITU Udld 14T dU WIIICIT UICU CUIICIN ' I DU wdad ICCUIVOU, TTIU dITUOWCUCU Valucly Ul UIU

DATARATE are 6, 9, 12, 18, 24, 36, 48, or 54.
17.2.3.4 SERVICE

The SERVICE field shall be null.

6 Copyright © 2000 IEEE. All rights reserved.
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17.3 OFDM PLCP sublayer
17.3.1 Introduction

This subclause provides a convergence procedure in which PSDUs are converted to and from PPDUs. Dur-
ing transmission the PSDIT shall be provided with a PI.CP Prpamh]e and header ta create the PPDIT At the

receiver, the PLCP preamble and header are processed to aid in demodulation and delivery of the PSDU.
17.3.2 PLCP frame format

Figure 107 shows the format for the PPDU including the OFDM PLCP preamble, OFDM PLCP header,
PSDU, tail bits, and pad bits. The PLCP header contains the following fields: LENGTH, RATE, a.reserved
bit, an even parity bit, and the SERVICE field. In terms of modulation, the LENGTH, RATE, réeseérved bit,
and parity bit (with 6 “zero” tail bits appended) constitute a separate single OFD mbol,(denoted SIG-
NAL, which is transmitted with the most robust combination of BPSK modulgkit

= 1/2. The SERVICE field of the PLCP header and the PSDU (with 6 ‘% bits and pad bits
appended), denoted as DATA, are transmitted at the data rate described in the’RA sonstitute
multiple OFDM symbols. The tail bits in the SIGNAL symbol enable dege & NGTH

fields immediately after the reception of the tail bits. The RATE and LE i qu1 ed fo decodlng the
DATA part of the packet. In addition, the CCA mechanism can beaugmente ingthe duration of

;4 PLCP Heade“

RATE | Reserved| LENGTH | Parit 1 SE VICE Tail .

C d FD Coded/OFDM |
1/2) (RATE is indicated in SIGNAL) |
D |
PL f}ﬁﬁhﬁ\ DATA
&\Q OFDNI Symbol Variable Number of OFDM Symbols

Figure 107—PPDU frame format

17.3.2.1 Overviewof the PPDU encoding process

TFhe encoding process is composed of many detailed steps, which are described fully in later subclauses, as
noted below. The following overview intends to facilitate understanding the details described in these
subclauses:

a)  Produce the PLCP preamble field, composed of 10 repetitions of a “short training sequence” (used
for AGC convergence, diversity selection, timing acquisition, and coarse frequency acquisition in the
receiver) and two repetitions of a “long training sequence” (used for channel estimation and fine fre-
quency acquisition in the receiver), preceded by a guard interval (GI). Refer to 17.3.3 for details.

Copyright © 2000 |IEEE. All rights reserved. 7
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b)

Produce the PLCP header field from the RATE, LENGTH, and SERVICE fields of the TXVECTOR
by filling the appropriate bit fields. The RATE and LENGTH fields of the PLCP header are encoded
by a convolutional code at a rate of R = 1/2, and are subsequently mapped onto a single BPSK
encoded OFDM symbol, denoted as the SIGNAL symbol. In order to facilitate a reliable and timely
detection of the RATE and LENGTH fields, 6 “zero” tail bits are inserted into the PLCP header. The
encoding of the SIGNAIL field into an OFDM symbol follows the same steps for convolutional

d)

e)

g)

h)

)

R);

k)

)

m)

encoding, interleaving, BPSK modulation, pilot insertion, Fourier transform, and prepending a GI as
described subsequently for data transmission at 6 Mbit/s. The contents of the SIGNAL field are not
scrambled. Refer to 17.3.4 for details.

Calculate from RATE field of the TXVECTOR the number of data bits per OFDM symbol (Npggg)i
the coding rate (R), the number of bits in each OFDM subcarrier (Ngpgc), and the number of toded
bits per OFDM symbol (Ncgps). Refer to 17.3.2.2 for details.

Append the PSDU to the SERVICE field of the TXVECTOR. Extend the ye
“zero” bits (at least 6 bits) so that the resulting length will be a multiple of

3 ng bitstring with

Divide the encoded bit string into P
ing” (reordering) of the bits accordig

Divide the resultipg coded andinte eata strigg into groups of Ngps bits. For each of the bit

plex nupwber according to the modulation encoding tables.

(@)
o

Refer to 17.3.5.7
Divide .io [ begstring tto groups of 48 complex numbers. Each such group will be

associate N
sGibcarriers numbered —26 to -22, —20 to -8, -6 to -1, 1 to 6,
e subcrriers -21, =7, 7, and 21 are skipped and, subsequently, used for

e subcarrler associated with center frequency, is omitted and filled

Four\subsarricrs axe insérted as pilots into positions —21, =7, 7, and 21. The total number of the sub-

transform>Rrépend to the Fourier-transformed waveform a circular extension of itself thus forming a
GI, and truncate the resulting periodic waveform to a single OFDM symbol length by applying time
domain windowing. Refer to 17.3.5.9 for details.

Append the OFDM symbols one after another, starting after the SIGNAL symbol describing the
RATE and LENGTH. Refer to 17.3.5.9 for details.

n)

Up-convert the resulting “complex baseband” waveform to an RF frequency according to the center
frequency of the desired channel and transmit. Refer to 17.3.2.4 and 17.3.8.1 for details.

An illustration of the transmitted frame and its parts appears in Figure 110 of 17.3.3.

Copyright © 2000 IEEE. All rights reserved.
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The modulation parameters dependent on the data rate used shall be set according to Table 78.

Table 78 —Rate-dependent parameters

Coded bits Coded bits Data bits
Doarste | Modutaion | Colimbrae | per, | per OUDM. | per OFDA
(Nppsc) (NcBps) (Npgps)
6 BPSK 12 1 48 24
9 BPSK 3/4 1 48 /\36
12 QPSK 12 2 96 /\\ (\48
18 QPSK 3/4 2 \\>E\
24 16-QAM 12 4 /\1\%\ }6\
36 16-QAM 3/4 4 \ 19%\\ \ W
48 64-QAM 2/3 6 \ %8\ ) 192
54 64-QAM 3/4 / 6 ~ \2§8 B 216

17.3.2.3 Timing related parameter

SR

DM PLCP.

le7 parameters
N fa
%Me\f&g \ \ Value
Ngp: Number }f\@m% /wés{rﬁifrs\ \ 48
Ngp: Number of/pﬂé\%bé}q%\ \/\ 4
Ngr NumWf\l{chth(k\ 52 (Ngp + Ngp)

Ag: Subca&\ier ﬁm\tﬁcy\@ac}}g&)

0.3125 MHz (=20 MHz/64)

FaT e

3.2 us (1/Ag)

N
TPREAMBLE' LCP ;l‘iam le duration

16 us (TsgorT + TLONG)

Tfekr: Durationof the SIGNAL BPSK-OFDM symbol

4.0 us (Tgy + Trrr)

TG GI duration

Tgro: Training symbol GI duration

Tsyp: Symbol interval

4 us (T + Trpp)

Tsport: Short training sequence duration

T1 ong: Long training sequence duration

8 us (Tgrp + 2 x Tgpr)

Copyright © 2000 |IEEE. All rights reserved.



https://standardsiso.com/api/?name=af9e36920545a41d4dd614c01bfd393d

ISO/IEC 8802-11:1999/Amd 1:2000(E)
IEEE Std 802.11a-2000 INFORMATION TECHNOLOGY —

17.3.2.4 Mathematical conventions in the signal descriptions

The transmitted signals will be described in a complex baseband signal notation. The actual transmitted sig-
nal is related to the complex baseband signal by the following relation:

b = pofr/f\pvn/if)-rrf f\l TA A
(VIAY TN/ P \J 777 7
where
Re(.) represents the real part of a complex variable;
Ie denotes the carrier center frequency.

The transmitted baseband signal is composed of contributions from several OFDM symbols.

1paTA)

" packer(t) = Tpreamsre(t) + Tsignar(t = tsignar) + Tparalt =

rectangular pulge ! S
wr(t), dependl ; 3 Qn P ameter, T, may extend over more than one period, Tggt. In

particular, windo
lized in the defip

(—TTR/Z <t< TTR/Z)

(TTR/25t<T—TTR/2) @)

2
1
sin (E(O.S—(I—T)/T (T—TTR/2st<T+TTR/2)

)

10 Copyright © 2000 IEEE. All rights reserved.
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In the case of vanishing T, the windowing function degenerates into a rectangular pulse of duration 7. The
normative specifications of generating the transmitted waveforms shall utilize the rectangular pulse shape. In
implementation, higher T is typically implemented in order to smooth the transitions between the consec-
utive subsections. This creates a small overlap between them, of duration 77, as shown in Figure 108. The
transition time, T7p, is about 100 ns. Smoothing the transition is required in order to reduce the spectral side-
lobes of the transmitted waveform. However, the binding requirements are the spectral mask and modulation

accuracy requirements, as detailed in 17.3.9.2 and 17.3.9.6. Time domain windowing, as described here, is
just one way to achieve those objectives. The implementor may use other methods to achieve the same goal,
such as frequency domain filtering. Therefore, the transition shape and duration of the transition are infor-
mative parameters.

. I=TertTerr
+ TGuARD !
=Tar T !
« FFT :

- > O\
Trg Trg

5 T= TG12+2TFF)/\ >

+ TGuarp
v =Top i
+—r«¢

(b)

lic extension and windowing for (a) single
ceptions of the FFT period

1 1=n<79
wy[n] = wp(nTg) = 10.5 0, 80 5)
0 otherwise

The common way to implement the inverse Fourier transform, as shown in Equation (3), is by an inverse
Fast Fourier Transform (IFFT) algorithm. If, for example, a 64-point IFFT is used, the coefficients 1 to 26
are mapped to the same numbered IFFT inputs, while the coefficients —26 to —1 are copied into IFFT inputs

Copyright © 2000 IEEE. All rights reserved. 11
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38 to 63. The rest of the inputs, 27 to 37 and the 0 (dc) input, are set to zero. This mapping is illustrated in
Figure 109. After performing an IFFT, the output is cyclically extended to the desired length.

Null — 1 0 0

#1 — 1 1

#’7

126 ig IFFT ;g R

N ] - . .

NEU S . | Time Domain Outputs
Null — 37 37 ——

#-26 —— 38 38 ——

#2 — 62 62 ——

#1 — 63 63 ——

Figure 109—Inputs and outputs o

17.3.3 PLCP preamble (SYNC)

The PLCP preamble field is used for synchronization. It c) ols and two long symbols

that are shown in Figure 110 and described in this sul
8+8=16us

10x 0.8 =8 ps =|< 2% 0. x32§‘0\ ble s+32 40MSJ 0.8+32=40us | 08+32=40us

1T T T 111771 T T
ﬁ L t4 t5 6 t7 t8 y&@lz | \{1 \Nz\l SIGNAL)'V - DatalYGh Data 2
| )
D W

> ¢
Signal Detect,

A

A

<

RATE SERVICE + DATA  DATA
AGC, Diversity S : LENGTH
Selection Q i 5 ;
igure\110>-OFDM training structure

Figure 110 g-structure (PLCP preamble), where t; to t;y denote short training sym-
bols and aining symbols. The PLCP preamble is followed by the SIGNAL field and
DA eotal trat ning\lengtlyis 16 us. The dashed boundaries in the figure denote repetitions due to the

A short 'OFDM training symbol consists of 12 subcarriers, which are modulated by the elements of the
sequefrce S, given by
8726, 26: ‘/(13/6) X {09 0’ 1+.]! 09 Oa 03 717.]3 09 Oa 03 1+_]9 Oa 03 09 717_]9 Oa 03 09 717_]‘9 03 09 09 1+_]a 03 09 Oa 03

03 05 05 717_]” 03 09 Oa 717_]a 09 07 Oa 1+.]s 09 Oa 03 1+.]> 05 03 05 1+_]a Os O’ Oa 1+_]a 090} (6)

The multiplication by a factor of V(13/6) is in order to normalize the average power of the resulting OFDM
symbol, which utilizes 12 out of 52 subcarriers.

12 Copyright © 2000 IEEE. All rights reserved.
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The signal shall be generated according to the following equation:

Ngp/2

rsuorr(t) = Wrsporr(1) E Syexp(j2mkApt) @)
k= Ng/2

The fact that only spectral lines of S_,¢.0¢ With indices that are a multiple of 4 have nonzero amplitude
results in a periodicity of Trgpp/4 = 0.8 us. The interval Tgyogy is equal to ten 0.8 us periods (i.e., 8 us).

Generation of the short training sequence is illustrated in Annex G (G.3.1, Table G.2).

A long OFDM training symbol consists of 53 subcarriers (including a zero value at dc), which aré;modu-
lated by the elements of the sequence L, given by

L726,26: {13 1a_la_19 19 13_13 19_19 19 13 19 19 13 1a_la_19 19 13_13 19_19 19 13

13 _19 _13 19 19 _19 19 _13 19 _15 _19 _15 _19 _15 19 19 _13 _19 15 _19 19 _19 1 (8)
A long OFDM training symbol shall be generated according to the follg
Ng/2
rLone(t) = Wrrone(1) E Liexp(j2mkAp(1 = Tg, )
k=-Ng/2

where

TG 12= 1.6 us.

Two periods of the long sequence are trans
TLONG= 1.6 +2x32=8 LESY

o

(10)

ing pfocedure, whith includes convolutional encoding, interleaving, modulation mapping processes, pilot
msertion, and OFDM modulation, follows the steps described in 17.3.5.5, 17.3.5.6, and 17.3.5.8, as used for
transmission of data at a 6 Mbit/s rate. The contents of the SIGNAL field are not scrambled.

The SIGNAL field shall be composed of 24 bits, as illustrated in Figure 111. The four bits 0 to 3 shall

eNcode e RAT B Bit 243ttt be teserved for TuTire use. Bils 9—10 shatt encode the LENGTH fieidof e
TXVECTOR, with the least significant bit (LSB) being transmitted first.

Copyright © 2000 IEEE. All rights reserved. 13
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RATE LENGTH SIGNAL TAIL
(4 bits) (12 bits) (6 bits)
RI R2 R3 R4| R|LSB MSB| P [0 <0 <07 <07 <0 «0”
01|23 [4]5]6 |78 ]9[10]11]12[13 [14 [15 [16 17 |18 [19 |20 |21 [22]23

Transmit Order
|

Figure 111—SIGNAL field bit assignment

The process of generating the SIGNAL OFDM symbol is illustrated in Annex G

17.3.4.1 Data rate (RATE)

The bits R1-R4 shall be set, dependent on RATE, according to the valges in

Table 80—Contents of the

Rate (Mbits/s) /\\) }{1&4

number of octettransfers that will occur between the MAC and the PHY after receiving a request to start
transmission. The transmitted value shall be determined from the LENGTH parameter in the TXVECTOR
issued with the PHY-TXSTART.request primitive described in 12.3.5.4 (IEEE Std 802.11, 1999 Edition).
The LSB shall be transmitted first in time. This field shall be encoded by the convolutional encoder
described in 17.3.5.5.

17.3.4.3 Parity (P), Reserved (R), and Signal tail (SIGNAL TAIL)

Bit 4 shall be reserved for future use. Bit 17 shall be a positive parity (even parity) bit for bits 0—16. The bits
18-23 constitute the SIGNAL TAIL field, and all 6 bits shall be set to zero.

14 Copyright © 2000 IEEE. All rights reserved.
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17.3.5 DATA field

The DATA field contains the SERVICE field, the PSDU, the TAIL bits, and the PAD bits, if needed, as
described in 17.3.5.2 and 17.3.5.4. All bits in the DATA field are scrambled, as described in 17.3.5.4.

17.3.5.1 Service field (SERVICE)

The IEEE 802.11 SERVICE field has 16 bits, which shall be denoted as bits 0—15. The bit O shall be trans-
mitted first in time. The bits from 0-6 of the SERVICE field, which are transmitted first, are set to zeros and
are used to synchronize the descrambler in the receiver. The remaining 9 bits (7—15) of the SERVICE field
shall be reserved for future use. All reserved bits shall be set to zero. Refer to Figure 112.

Scrambler Initialization Reserved SERVICE Bits Reserved
“0" “0" “0" “0" 0" “0"“0'R R R R R R R R

0|1 |2 |3 |4 |5 |6 |8|9|10|11|12|13|§\5\

Transmit Order

The PPDU tail bit field shall be six bits of
“zero state.” This procedure improves the-e

bled “zero” bits.

17.3.5.4 Pad bits (

The number 0@
symbol (48, 96, 1

NSYM Cer N g 1 64 8 (11)
Nphex = Ngym > Doees (12)
Npap = Npaa — (16 + 8 x LENGTH + 6) (13)

The function ceiling (.) is a function that returns the smallest integer value greater than or equal to its argu-
ment value. The appended bits (“pad bits™) are set to “zeros” and are subsequently scrambled with the rest of

the bits in the DATA field.

An example of a DATA field that contains the SERVICE field, DATA, tail, and pad bits is given in
Annex G (G.5.1).

Copyright © 2000 |IEEE. All rights reserved. 15
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17.3.5.4 PLCP DATA scrambler and descrambler

The DATA field, composed of SERVICE, PSDU, tail, and pad parts, shall be scrambled with a length-127
frame-synchronous scrambler. The octets of the PSDU are placed in the transmit serial bit stream, bit O first
and bit 7 last. The frame synchronous scrambler uses the generator polynomial S(x) as follows, and is illus-
trated in Figure 113:

S(x) = X extel (14)

The 127-bit sequence generated repeatedly by the scrambler shall be (leftmost used first), 0000111Q
11110010 11001001 00000010 00100110 00101110 10110110 00001100 11010100 11100111 10140100
00101010 11111010 01010001 10111000 1111111, when the “all ones” initial state is used. The same
scrambler is used to scramble transmit data and to descramble receive data. When transmittingy.the initial
state of the scrambler will be set to a pseudo random non-zero state. The seven LSB 1¢ SERVICE field
will be set to all zeros prior to scrambling to enable estimation of the initia 8. scrambler in
the receiver.

ta In
X7

Descrambled

Data Out
An example of tfe scra
17.3.5.5 Convolutie
The DATA field E K, PSDU, tail, and pad parts, shall be coded with a convolutional
encoder of ¢ & /4, corresponding to the desired data rate. The convolutional encoder
shall use t S 3 erator polynomials, gy = 133g and g; = 1714, of rate R = 1/2, as shown in
Figure/1 noted asV¥A” shall be output from the encoder before the bit denoted as “B.” Higher
rates oy it by employing “puncturing.” Puncturing is a procedure for omitting some of the
encoded Bits i witter (thus reducing the number of transmitted bits and increasing the coding rate)
and inSerting axd “zero” metric into the convolutional decoder on the receive side in place of the omit-

ted_‘bits. The pun
recommended.

ring patterns are illustrated in Figure 115. Decoding by the Viterbi algorithm is

An example of encoding operation is shown in Annex G (G.6.1).

16 Copyright © 2000 IEEE. All rights reserved.
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Iﬂ\’omput Data A

Input Data

Data,B

All encoded data bits shall be interleaved by a block interleayet wi R\siz& corrggponding to the num-
ber of bits in a single OFDM symbol, Ncgps. The interleayer is-definsd bya ep permutation. The first

and before the second permutation, and j shall

%i dexaftershe second permutation, just prior to modu-

... Negps— 1 (15)

i=0,1,...NCBPSfl (16)

amn

The deinterleaver, which performs the inverse relation, is also defined by two permutations.

Copyright © 2000 IEEE. All rights reserved. 17



https://standardsiso.com/api/?name=af9e36920545a41d4dd614c01bfd393d

ISO/IEC 8802-11:1999/Amd 1:2000(E)
IEEE Std 802.11a-2000 INFORMATION TECHNOLOGY —

Punctured Coding (r = 3/4)

Source Data XO Xl X2 X3 X4 X5 X6 X7 Xg

Stolen Bit

N\

Encoded Data 7 7 7
Bo/%Bz Bs By Bs B6%

Bit Stolen Data
(sent/received data)

N Inderte ummy Bit

7

N J X
Bit Inserted Data Ao | A &\ Az | A N \ Ag | A7 &x

Decoded Data

Punctured Coding (r = 2/3)

Source Data Xo \( X4

9,

Encoded QO
0

Stolen Bit

(sent/receivey da

. A A A A A
Bit Inserted Data ° ! 2 4 i Q Inserted Dummy Bit
By NON B, NRY B, NBN N
0o N 2 (N 4N
Decoded Data Yo vilyvalvysl val vs

Figure 115—An example of the bit-stealing and bit-insertion procedure (r = 3/4, 2/3)

18 Copyright © 2000 IEEE. All rights reserved.



https://standardsiso.com/api/?name=af9e36920545a41d4dd614c01bfd393d

ISO/IEC 8802-11:1999/Amd 1:2000(E)
HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND IEEE Std 802.11a-2000

Here we shall denote by j the index of the original received bit before the first permutation; i shall be the
index after the first and before the second permutation, and & shall be the index after the second permutation,
just prior to delivering the coded bits to the convolutional (Viterbi) decoder.

The first permutation is defined by the rule

i=s x floor(j/s) + (j + floor(16 x j/Ncgpg)) mod s j=0,1,... Negps— | (18)
where

N is defined in Equation (17).
This permutation is the inverse of the permutation described in Equation (16).

The second permutation is defined by the rule

k=16 xi—(Ncgps— 1)floor(16 x i/Ncgps) i=0,1,... Negps— 1 (19)
This permutation is the inverse of the permutation described in Equatig
An example of interleaving operation is illustrated in Annex G (GG
17.3.5.7 Subcarrier modulation mapping
The OFDM subcarriers shall be modulat AM, or 64-QAM modulation,

e exidl input data shall be divided into
groups of Ngpgce (1, 2, 4, or 6) bits and bers representing BPSK, QPSK,

16-QAM, or 64-QAM constellation poings—

praCtical implementations, an approximate value of the normalization
¢ device conforms with the modulation accuracy requirements described

able 81 —Modulation-dependent normalization factor Ky,op

Modulation Kyvop
BPSK 1
QPSK IN2

16-QAM IV10
64-QAM 1IN42

Copyright © 2000 IEEE. All rights reserved. 19
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0
1 00 10 0110 1110 10 10
0 1 . o g e .
Y +1 .I'
-1 0011 01 11 1111 10 11
. o - e °
=) 1 s, I >I
QPSK 00 01 01 01 11 01 10 01
Q bObl . i . )
01 11
L] +1 L]
00.00 01'00 110 0
= g >I
00 10
o .
64-QAM Q A 1b2b3 bygbs
000 100 001 100 011 100 010100 | 110 100 100
. ° . . . °

+17[

000 101 001 101 OI1 101 110101 0 101 101 100 101
L] L] L] 4 L] L] L]
000 111 001 110 'yl 111111 101 111 100 111
. . = \® . . .

110110 111 110 101 110 100 110
- e . . .
= o g‘ w o
1 010010 | 110010 111010 101010 100010
. R ) D . .
011011 010011 |110011 111011 101011 100011
. LR . . .
000 001 001001 011001 010001 |[110001 111001 101001 100001
L] L] L] L] 5T L] L] L] L]
000 000 001000 011000 010000 |110000 111000 101000 100000

7/

Figure 116 —BPSK, QPSK, 16-QAM, and 64-QAM constellation bit encoding

20
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For BPSK, b, determines the I value, as illustrated in Table 82. For QPSK, by determines the I value and b,
determines the Q value, as illustrated in Table 83. For 16-QAM, byb; determines the I value and b,b; deter-
mines the Q value, as illustrated in Table 84. For 64-QAM, byb;b, determines the I value and bsb,bs
determines the Q value, as illustrated in Table 85.

Table 82—BPSK encoding table

Input bit (by) | I-out | Q-out

0 -1 0

1 1 0

Table 83—QPSK encoding table

N\
Input bit (by) | I-out Input bit (by) &k\
0 -1 0 \

1 1

Table 84—16-QA @M

Input bits (by by) Ik!\t put l&\ Q-out

00 /

L\
§\1 \%l -1
1 > \\/ 11 1
10 Q\ \\ -1 10 3
S \%
@ €\85264-QAM encoding table

I}p{tﬁt\(%{z) I-out Input bits (b3 by bs) | Q-out
S \ Naod” -7 000 -7

X > 001 -5 001 -5

011 -3 011 -3
010 -1 010 -1
110 1 110 1
111 3 111 3
101 5 101 5
100 7 100 7
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17.3.5.8 Pilot subcarriers

In each OFDM symbol, four of the subcarriers are dedicated to pilot signals in order to make the coherent
detection robust against frequency offsets and phase noise. These pilot signals shall be put in subcarriers
—21,-7,7 and 21. The pilots shall be BPSK modulated by a pseudo binary sequence to prevent the genera-
tion of spectral lines. The contribution of the pilot subcarriers to each OFDM symbol is described in

17.3.5.9.
17.3.5.9 OFDM modulation

The stream of complex numbers is divided into groups of Ngp = 48 complex numbers. We shall denote'this
by writing the complex number dy ,, which corresponds to subcarrier k of OFDM symbol n, as follows:

dk,nEdk+NSD><n’ k:0, ...NSD*I,HZO, "'NSYMil (21)
The number of OFDM symbols, Ngyp, Was introduced in 7.3.5.3.

An OFDM symbol, rpa74 4(1), is defined as

Non-1

SD
TDATA, A1) = Wy (1) 2 dk’nexp((j2nM( (22)
k=0
Ngp/2 ‘
tPyyi E - k(- C
k =

where the function, M(k), de apping %logi al Stbcarrier number O to 47 into frequency offset
index -26 to 26, while skipping the pi rrietdetations and the 0™ (dc) subcarrier.

M(k) = ’ (23)
The contfib e pilot subcarriers for the n" OFDM symbol is produced by Fourier transform of
sequénce P, given
P46 26=10,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,

0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,-1,0,0,0,0, 0} 24)

22 Copyright © 2000 IEEE. All rights reserved.
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The polarity of the pilot subcarriers is controlled by the sequence, p,, which is a cyclic extension of the 127
elements sequence and is given by

Potage={LLLL, -1,-1-1,1, -1,-1,-1-1, 1,1,-1,1,-1,-1,1,1, -1,1,1,-1, 1,1,1,1, 1,1,-1,1,
W11, 1ol 110, Lo, -1 dod, 1ole1L LLLL -1-1,11,
T T TS T DTS S TS TS TS IS T TS TS B S W TS DS T S B S R S RS S TS RS I
T-T-1-1, LI-LL, I.L,I-1, LII-T, T,I-T-T, -I,II,T, T I,-1-T, -I,-1-1] 23)

The sequence, p,,, can be generated by the scrambler defined by Figure 113 when the “all ones” initial state
is used, and by replacing all “1’s” with —1 and all “0’s” with 1. Each sequence element is used for one.
OFDM symbol. The first element, p,, multiplies the pilot subcarriers of the SIGNAL symbol, while the, ¢les
ments from p; on are used for the DATA symbols.

The subcarrier frequency allocation is shown in Figure 117. To avoid difficulties in D/A and A/D;converter
offsets and carrier feedthrough in the RF system, the subcarrier falling at DC (Oth sub isnot used.

dy dg P ds di7P7 djg d3DC dyy  dyo Py

26

(26)

wn in Annex G (G.6.3), as well as the scrambling of the pilot
erations is also shown in Annex G (G.8).

17:3.7 PLCP data modulation and modulation rate change

The PLCP preamble shall be transmitted using an OFDM modulated fixed waveform. The IEEE 802.11
SIGNAL field, BPSK-OFDM modulated at 6 Mbit/s, shall indicate the modulation and coding rate that shall

‘UC ubcd [L9) Udllblllil L‘UC IVIPDU. TIIC LlallbllliLtCl \leCiVCI} bllall illilid.l.C LllC lllUduldLiUll \L‘lClllUduldLiUll} COUII=
stellation and the coding rate according to the RATE indicated in the SIGNAL field. The MPDU transmis-
sion rate shall be set by the DATARATE parameter in the TXVECTOR, issued with the PHY-
TXSTART.request primitive described in 17.2.2.
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17.3.8 PMD operating specifications (general)

Subclauses 17.3.8.1 through 17.3.8.8 provide general specifications for the BPSK OFDM, QPSK OFDM,
16-QAM OFDM, and 64-QAM OFDM PMD sublayers. These specifications apply to both the receive and
transmit functions and general operation of the OFDM PHY.

17.3.8.1 Outline description

The general block diagram of the transmitter and receiver for the OFDM PHY is shown in Figure 118. Major
specifications for the OFDM PHY are listed in Table 86.

» FEC »Interlgaving+%} IFET ] GI” A‘»\?\};}T:o' >
Coder Mapping J? J?AddmonA? Shaning 4?

AGC Amp
S 1Q

> FEC
Decoder

6,9, 12,18, 24, 36, 48 and 54
Mbit/s
(6, 12 and 24 Mbit/s are
mandatory)
BPSK OFDM
QPSK OFDM
16-QAM OFDM
64-QAM OFDM
Error correcting code K =7 (64 states) convolutional
code
Coding rate 1/2,2/3,3/4
Number of subcarriers 52
OFDM symbol duration 4.0 us
Guard interval 0.8 us* (Tgp
Occupied bandwidth 16.6 MHz

4Refer to 17.3.2.4.

24 Copyright © 2000 IEEE. All rights reserved.
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17.3.8.2 Regulatory requirements

Wireless LANs implemented in accordance with this standard are subject to equipment certification and
operating requirements established by regional and national regulatory administrations. The PMD specifica-
tion establishes minimum technical requirements for interoperability, based upon established regulations
at the time this standard was issued. These regulations are subject to revision, or may be superseded

Requirements that are subject to local geographic regulations are annotated within the PMD specification.
Regulatory requirements that do not affect interoperability are not addressed in this standard. Implementors
are referred to the regulatory sources in Table 87 for further information. Operation in countries within
defined regulatory domains may be subject to additional or alternative national regulations.

The documents listed in Table 87 specify the current regulatory requirements for various geographic areas at
the time this standard was developed. They are provided for information only, and are subject to(change or

revision at any time.
Table 87 —Regulatory requirement Iis<\ x

Geographic area Approval standards Documeng \\\ppl va>:th0rity

FCC

>

United States Federal Communications
Commission (FCC)

17.3.8.3 Operating channel frequenci

17.3:8.3.2 Channél numbering

Channel center frequencies are defined at every integral multiple of 5 MHz above 5 GHz. The relationship
between center frequency and channel number is given by the following equation:

Channel center frequency = 5000 + 5 x n;,, (MHz) 27)
where
n., =0,1,...200.
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This definition provides a unique numbering system for all channels with 5 MHz spacing from 5 GHz
to 6 GHz, as well as the flexibility to define channelization sets for all current and future regulatory domains.

17.3.8.3.3 Channelization

The set of valid operating channel numbers by regulatory domain is defined in Table 88

Table 88— Valid operating channel numbers by regulatory domain and band

. Operating channel Channel center
Regulatory domain Band (GHz) P num%)ers frequencies (MHz)
United States U-NII lower band 36 80
(5.15-5.25) 40 521
44 220
48
United States U-NII middle band 52 \)
(5.25-5.35) 56 280
60
6{\ N 5320
United States U-NII upper band \ 745
(5.725-5.825) 153 5765
157 5785
161 AN 5805

modate eight channels in a total bandwidth
s in a 100 MHz bandwidth. The centers of

For.the United States, refer to FCC 15.407.
17.3.8.5 TX RF delay

The TX RF delay time shall be defined as the time between the issuance of a PMD.DATA request to the

PMD and the start of the corresponding symbol at the air interface.

26 Copyright © 2000 IEEE. All rights reserved.
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Lower and Middle U-NII Bands: 8 Carriers in 200 MHz / 20 MHz Spacing
30 MHz
30 MHz

5150 5180 5200 5220 5240 5260 5280 5300 5320 5350
Lower Band Edge Upper Band Edge

Upper U-NII Bands: 4 Carriers in 100 MHz / 20 MHz Spacing
20 MHz 20 MHz
—

!

5725 5745
Lower Band Edge

5765
Figure 119—OFDM PHY,

17.3.8.6 Slot time

processing delay, and
in the CCA detect timg

17.3.8.7 Tran@:

Type 2s~define
environments.

17.3.9 PMD transmit specifications

Subclauses 17.3.9.1 through 17.3.9.7 describe the transmit specifications associated with the PMD sublayer.
In general, these are specified by primitives from the PI.CP _and the transmit PMD entity provides the actual

means by which the signals required by the PLCP primitives are imposed onto the medium.
17.3.9.1 Transmit power levels

The maximum allowable output power according to FCC regulations is shown in Table 89.
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Table 89— Transmit power levels for the United States

Maximum output power
Frequency band (GHz) with up to 6 dBi antenna gain
(mW)
5.15-5.25 40 (2.5 mW/MHz)
5.25-5.35 200 (12.5 mW/MHz)
5.725-5.825 800 (50 mW/MHz)

17.3.9.2 Transmit spectrum mask

The transmitted spectrum shall have a O dBr (dB relative to the maximum specfral denst
bandwidth not exceeding 18 MHz, —20 dBr at 11 MHz frequency offset, —28 dBr/at 20
and —40 dBr at 30 MHz frequency offset and above. The transmitted spectral’densi

of the signal)
viHz ftequency offset

100 kHz resolution bandwidth and a 30 kHz video bandwidth.

17.3.9.3 Transmission spurious

The symbol clock freq
symbol clock frequend

Transmit modulafiy jons are described in this subclause. The test method is described

17.3.9,6.1Transmittekcen requency leakage

relatiye o overalbMradsmitted power or, equivalently, +2 dB relative to the average energy of the rest of the
subeatriers. The data for this test shall be derived from the channel estimation phase.

17.3.9.6.2 Transmitter spectral flatness

The average energy of the constellations in each of the spectral lines —16.. —1 and +1.. +16 will deviate no

more than + 2 dB from their average energy. The average energy of the constellations in each of the spectral
lines —26.. =17 and +17.. 426 will deviate no more than +2/—4 dB from the average energy of spectral lines
—16.. -1 and +1.. +16. The data for this test shall be derived from the channel estimation step.

28 Copyright © 2000 IEEE. All rights reserved.
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Power Spectral Density (dB) A .
Transmit Spectrum Mas

r (not to scale)
|

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

___________ T
o . >
fc 11 0 0
requency (MHz)

17.3.9.6.3 Transmitter constellation error

The relative constellation RMS error, averaged ov bhcarrie { frames, and packets, shall not
exceed a data-rate dependent value according to T:

error (dB)

GRIRAY 5

(&
. \) Re}ative constellation
a rate s/s)

36 -19
48 =22
54 -25

17.3.9.7 Transmit modulation accuracy test

The transmit modulation accuracy test shall he pprfnrmpd by _instrumentation {‘QI‘\Q}\IP aof r‘nnvprting the

transmitted signal into a stream of complex samples at 20 Msamples/s or more, with sufficient accuracy in
terms of I/Q arm amplitude and phase balance, dc offsets, phase noise, etc. A possible embodiment of such a
setup is converting the signal to a low IF frequency with a microwave synthesizer, sampling the signal with a
digital oscilloscope and decomposing it digitally into quadrature components.
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The sampled signal shall be processed in a manner similar to an actual receiver, according to the following
steps, or an equivalent procedure:

a)  Start of frame shall be detected.

b) Transition from short sequences to channel estimation sequences shall be detected, and fine timing
HLk tolbliclhad

retthronesampleresolutton-shal-be-estabhshed-
c) Coarse and fine frequency offsets shall be estimated.

d) The packet shall be derotated according to estimated frequency offset.

e) The complex channel response coefficients shall be estimated for each of the subcarriers.

f)  For each of the data OFDM symbols: transform the symbol into subcarrier received values, estimate
the phase from the pilot subcarriers, derotate the subcarrier values according to estimated phase; and
divide each subcarrier value with a complex estimated channel response coefficient.

g)  For each data-carrying subcarrier, find the closest constellation point and coy he Eliclidean dis-

tance from it.

h)  Compute the RMS average of all errors in a packet. It is given by:

Lp 52
N/ 2 |:2 {(I(la j> k)_IO(i> j7 k))2+(Q( j’

E j=1lk=1
52L, %P
Errorgys = i=1 P7/ e > (28)

where

Lpis the length of the packe

17.3.10.PNVID_receilver specifications

Subelauses 17.3.10.1 through 17.3.10.5 describe the receive specifications associated with the PMD
sublayer.

30 Copyright © 2000 IEEE. All rights reserved.
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i Measurement Symbol (I(7, j, k), O, j, k))
/
O: _ Error Vector Magnitude (EVM)
L J
™ Ideal Symbol (/y(i, j, k), Qy(i j, k))
Mean Power of Ideal Symbol (P, = 1)
[ [ )
Ll
[ [ J
[ J [ J

Figure 121 —Constellation error.

17.3.10.1 Receiver minimum input level sensitivity

Table 91—Re eivfor anege requirements
“/\ N\
. Mini sens M ) Adjacent channel Alternate adjacent
Data rate (Mbltsh fﬂ%\?\ rejection (dB) channel rejection (dB)
<€\) < & -82 16 32
9 /\Q \/\h/ 15 31
15\ \ N4 13 29

< 18 \ > =71 11 27

< \%4\\ -74 8 24
3 \ -70 4 20

N4 66 0 16

54 —65 -1 15

17.3.10.2 Adjacent channel rejection

The adjacent channel rejection shall be measured by setting the desired signal's strength 3 dB above the rate-
dependent sensitivity specified in Table 91 and raising the power of the interfering signal until 10% PER is
caused for a PSDU length of 1000 bytes. The power difference between the interfering and the desired
channel is the corresponding adjacent channel rejection. The interfering signal in the adjacent channel shall
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be a conformant OFDM signal, unsynchronized with the signal in the channel under test. For a conformant
OFDM PHY the corresponding rejection shall be no less than specified in Table 91.

17.3.10.3 Non-adjacent channel rejection

The non-adjacent channel rejection shall be measured by setting the desired signal's strength 3 dB above the

rate-dependent sensitivity specified in Table 91, and raising the power of the interfering signal until a 10%
PER occurs for a PSDU length of 1000 bytes. The power difference between the interfering and the desired
channel is the corresponding non-adjacent channel rejection. The interfering signal in the non-adjacent chan-
nel shall be a conformant OFDM signal, unsynchronized with the signal in the channel under test. For-a
conformed OFDM PHY, the corresponding rejection shall be no less than specified in Table 91.

17.3.10.4 Receiver maximum input level

The receiver shall provide a maximum PER of 10% at a PSDU length of 1000 b
level of —30 dBm measured at the antenna for any baseband modulation.

Rlaximum input

17.3.10.5 CCA sensitivity

minimum 6 Mbit/s sensitivity (-62 dBm).
17.3.11 PLCP transmit procedure

The PLCP transmit procedure is shown i
shall be enabled so that the PHY entity sh

issuing the PH

TXSTART.req

the PLCP header

TXPWR_LEV

The PLCR

shall theq i i\! ART.request, and transmission of the PLCP preamble and PLCP header, based
on the R in the PHY-TXSTART.request primitive. Once PLCP preamble transmission is
started, the tity~shdll immediately initiate data scrambling and data encoding. The scrambled and
encoded data en be exchanged between the MAC and the PHY through a series of PHY-

DATA:réquest (DATA) primitives issued by the MAC, and PHY-DATA.confirm primitives issued by the
PHY- The modulation rate change, if any, shall be initiated from the SERVICE field data of the PLCP header,
as’described in 17.3.2.

The PHY proceeds with PSDU transmlssmn through a series of data octet transfers from the MAC The
PLCP _header navampfnr S 0 e 0 e e e o o
r

bit-stealing function described in 17 3 5 5 At the PMD layer the data octets are sent in b1t 0-7 order and
presented to the PHY layer through PMD_DATA .request primitives. Transmission can be prematurely termi-
nated by the MAC through the primitive PHY-TXEND.request. PHY-TXSTART shall be disabled by the
issuance of the PHY-TXEND.request. Normal termination occurs after the transmission of the final bit of the
last PSDU octet, according to the number supplied in the OFDM PHY preamble LENGTH field.

32 Copyright © 2000 IEEE. All rights reserved.
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q
q

q
-req

VI YO

PHY_DHATA.re

PHY_DQATAconf
PHY DATA.re
PHY TKEND.conf

(TXVEQTER)
PHY_TKSTART.conf

-

=~

=

Dl
PHY TYSTART.re
PHY DPATAconf
PHY _TKEND.re

MPDU

f

Paddingdf Needed

q =
1
D

Tail Bit

q

Header PSDU

crambled + Encoded

q

q

PMD_TXSTART.re

PMD_DATA.re

PHY
PLCP

PMD RATE.re

Training Symbols | Header C-PSDU /\

PMD_TXPWRLVL.re

4bits| 1bit |12 bits

RATE| Reserved| LENGTH] Parity|Tail Sﬁ\“\ PSRU ail 1Pad bits
i ityl 6:.pifs P

PLCP Preagfible SIGNAL DATA
PHY 12 Symbo Oue QFDM Symhbol| Variable Number of OFDM Symbols
PMD - > i
Co D I Coded/OFDM I

%SK, /)  (RATE is indicated in SIGNAL)

¢ completed and the PHY entity shall enter the receive state (i.e., PHY-
ach PHY-TXEND.request is acknowledged with a PHY-TXEND.confirm

In the ' PMD, thexGI shall be inserted in every OFDM symbol as a countermeasure against severe delay

spread.

A typical state machine implementation of the PLCP transmit procedure is provided in Figure 123. Requests
(.req) and confirmations(.confirm) are issued once with designated states.

17.3.12 PLCP receive procedure

The PLCP receive procedure is shown in Figure 124. In order to receive data, PHY-TXSTART.request shall
be disabled so that the PHY entity is in the receive state. Further, through station management (via the
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PLME) the PHY is set to the appropriate frequency. Other receive parameters, such as RSSI and indicated
DATARATE, may be accessed via the PHY-SAP.

Upon receiving the transmitted PLCP preamble, PMD_RSSlindicate shall report a significant received
signal strength level to the PLCP. This indicates activity to the MAC via PHY_CCA.indicate.
PHY_CCA indicate (BUSY) shall be issued for reception of a signal prior to correct reception of the PI.CP

frame. The PMD primitive PMD_RSSI is issued to update the RSSI and parameter reported to the MAC.

After PHY-CCA.indicate is issued, the PHY entity shall begin receiving the training symbols and searching
for the SIGNAL in order to set the length of the data stream, the demodulation type, and the decoding rate.
Once the SIGNAL is detected, without any errors detected by a single parity (even), FEC decode shallbe
initiated and the PLCP IEEE 802.11 SERVICE fields and data shall be received, decoded (a Viterbi decoder
is recommended), and checked by ITU-T CRC-32. If the FCS by the ITU-T CRC-32 check fail§,)the PHY
receiver shall return to the RX IDLE state, as depicted in Figure 124. Should the stagpsoRCCAyteturn to the

e MAC using a series of
in the IEEE 802.11 SIGNAL

e MAC. The OFDM PHY will ensure that the CCA
of the transmitted packet.

A typieal state machihe implementation of the PLCP receive procedure is given in Figure 125.

17.4 OFDM PLME

17.4.1 PLME_SAP sublayer management primitives

Table 92 lists the MIB attributes that may be accessed by the PHY sublayer entities and the intralayer of
higher layer management entities (LMEs). These attributes are accessed via the PLME-GET, PLME-SET,
PLME-RESET, and PLME-CHARACTERISTICS primitives defined in 10.4.
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TX PSDU OCTET
PHY TXSTART.request(TXVECTOR) PHY DATA.req
Get octet from JDATA)
MAC and encoding [~
PHY DATA.conf
Initialize length > 1 length = 1
\%
PMD TXPWRLVL.req TAIL APPEND
PMD_ RATE.
- red Tail bits are appended
TX Preamble BIT PADDING
PMD_TXSTART.req Bit padding if neede
TX training symbols
consists of: %J, \

1 bit Reserve,
12bits LENGTH and Set sy b%%&
1 bit Parity é\.gq\ \>\/

s
<\ > \ﬁe{ren(en\) Bit >

TX PLCP DATA

Change coding rate and < b
modulation type, if N b %fe;nm(ﬂm :
necessary y per sy bit count > 0
TX encoded PLCP header \) bit count = 0
includes:
16 bits SERVI@\ /\\\ \\Jjecrement Length
[\/\ = length > 0
Decrement length count | 1618
SRy T2

PHY RX . length =0
Switch RX STATE

Set J'{I}&ﬁ COou: ( AT, )
nst& the above flow diagram, if a PHY TXEND.request is received.

Figure 123—PLCP transmit state machine
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MAC U\E é DO maem © mus— guﬂ
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22 d5x & ziz:
el e ) RS
MPDU
* L1l 1 |
4 > Header PS]éU ). )
Viterbi Decoding Del N Tail Bit
PHY Decoded+descramble it Reoving
if Needéd

PLCP Header

C-P
RATE| Reserved| LENGTH| P}@ Tail VIéE\DLL il | Pad bits|
4bits| 1bit [ 12biss” [ Toie [pigrobis NS 6 bits

[ a~X
V%

PLCP Preamble | \ Sl%m\ N_/ DATA
PHY 12 Symbols ne OFD bolNyariable Number of OFDM Symbols
X

PMD | W >

[ Coded/OFDM |
(RATE is indicated in SIGNAL)

PMD_RSSLind

PMD_DATA.ind
* (first)

—p

PMD_DATA.ind|

Figure 124—PLCP receive procedure
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17.4.2 OFDM PHY management information base

All OFDM PHY management information base attributes are defined in Clause 13 of IEEE Std 802.11, 1999
Edition, with specific values defined in Table 92. The column titled “Operational semantics” in Table 92 con-
tains two types: static and dynamic. Static MIB attributes are fixed and cannot be modified for a given PHY
implementation. Dynamic MIB attributes can be modified by some management entity

RX IDLE State
CS/CCA
\llPHY7CCA.ind(BUSY)
Detect PLCP Preamble —> RX SYMBOL <
SIGNAL invalid Receive the SIGNAL .
or PHY CCAdnd | SYmbo! PMD_DATAnd
IDLE i
(IDLE) \|/ SIGNAL Valid PHY CCA.ind(IDLE) PRY. CCA.ind
RX SIGNAL Parity )
. Signal Not Valid
Parity Fail RX and test parity
J[ Parity Correct PHY_RXEND4n
anty Lorree (Carrier Lost
RX PLCP Fields
Change demodulation type & N
- and decoding rate
5}];{E()ZCA.md according to SIGNAL data; Decremé\Ti%\ })screment Length
RX 12 bits LENGTH
RX 4 bits RATE \)ﬁ/ o imeN PAY_DATA .ind(DATA)
epfd-of| U (bit removing if needed) | length<>0
Predicted duration expires < \\/ Decrement length count
d PHY_CCA.ind(IDLE
an _CCA.ind( ) \ r}gée:o length =0
Wait until end of PLCP Field VALIDATE P@
PLCP frame
Out of Spec. ﬁq of Wait End of PSDU RX
If unsupported RATE, Check PLCP
predict duration UnsuEported ( i
RAT! PHY_RXEND.ind
/oo Coegt DPHY_CCA.ind(IDLE) | | (No_Error)
PHY_CCA.ind(IDLE)
EI&TUP SDU\%

The valugof the fE parameter returned by the PLME-TXTIME.confirm primitive shall be calculated
§ wing equation:

TXTIME = Tprpampre + Tsignar + Tsym % Ceiling((16 + 8 x LENGTH + 6)/Npgps) (29)

where

h N - 1 - 1L 41 AT AR AL e Ve aA - £ i 41 ‘- - 41 11 VRSN
lVDBPS IS UCTTIVUU TTUIIT UIC IJATAAINAAT LY PCU AalllCICI. \\/Clllllé IS d TUIIUUUIT UIdU ITTULTLS UIC SITIArTst IIIte=
ger value greater than or equal to its argument value.)

Ngvm is given by Equation (11).
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Table 92—MIB attribute default values/ranges

Managed object

Default value/range

Operational semantics

dot11 PHY Operation Table

dotl1 PHY type OFDM-5. (04) Static
dotl1 Current reg domain Implementation dependent Static
dot11 Current frequency band Implementation dependent Dynamic
dotl1 Temp type Implementation dependent Static
dot11 PHY Antenna Table
dot11 Current Tx antenna Implementation dependent Dynami/c/\

dot11 Diversity support

Implementation dependent

Stap'e\&

dotl1 Current Rx antenna

Implementation dependent

dotl1l PHY Tx Power Table

dotl1 Number supported power levels

Implementation depem}e{t \

dot11 Tx power level 1

Implementation dependent

dot11 Tx power level 2

Implementati()/depeaiblkt

dotl1 Tx power level 3

Implementati&m d@%dent
7\ A

<

dotl1 Tx power level 4 Imple nta&)\n/de'{enc(er}i) . [>Static

dotl1 Tx power level 5 \ %\Ql\éx@ntat\i@ deée{dent ) Static

dot11 Tx power level 6 /leplé%}t%ion pendent Static

dot11 Tx power level 7 \ mle}mgﬁ*\de dent Static

dot11 Tx power 16\{ 8 /\ Implem nt&tio dependent Static

dotl1 current TP(\{OW\\J“:VQX lementgtion dependent Dynamic

K \/\ d(}K}Q{ \Salns Supported Table
dotl1 Wma%}s suppo\tql Implementation dependent Static
dotl1 Fr;q\én\cy Ws p(}ﬁé& Implementation dependent Static
N “\_dét11 PHY Antennas List Table

d<<1 1§hp.§\ne Tx%n@ Implementation dependent Static
\dﬂq\\SuWQd Rxantenna Implementation dependent Static
\iot\lmve\QWtion Rx Implementation dependent Dynamic

38
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Table 92—MIB attribute default values/ranges (continued)

Managed object Default value/range Operational semantics

dot11 Supported Data Rates Tx Table

dotl1 Supported data rates Tx value 6,9, 12, 18, 24, 36, 48, Static
and 54 Mbit/s

Mandatory rates: 6, 12, and 24

dot11SupportedDataRatesRxTable

dot11 Supported data rates Rx value 6,9, 12, 18, 24, 36, 48, Static
and 54 Mbit/s

Mandatory rates: 6, 12, and 24

dot11 PHY OFDM Table

N\ (\
dot11 Current frequency Implementation dependent \Qyn\a(n}l‘s\ \)
dot11 TI threshold Implementation dependent< \D@n\g >

A simplified equation may be used.

TXTIME = TpreamprLe T Tsignar T (16 + 8 x LENG (30)
Equation (30) does not include the effe
by + 2 us.

17.4.4 OFDM PHY characteristics

17.5:2'Overview of'service
The OFDM PMD sublayer accepts PLCP sublayer service primitives and provides the actual means by
which data is transmitted or received from the medium. The combined function of the OFDM PMD sublayer
primitives and parameters for the receive function results in a data stream, timing information, and associ-
ated received signal parameters being delivered to the PLCP sublayer. A similar functionality shall be pro-

vided for data transmission.
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Table 93— OFDM PHY characteristics

Characteristics Value
aSlotTime 9 us
aSHSFime +oprs
aCCATime <4 us
aRxTxTurnaroundTime <2us
aTxPLCPDelay Implementation dependent
aRxPLCPDelay Implementation dependent
aRxTxSwitchTime <<1pus
aTxRampOnTime Implementation dependent (
aTxRampOftfTime Implementation dependeB{< N
aTxRFDelay Implementation depen«( \
aRxRFDelay Implementation QC{)e\lde\\s\ \
aAirPropagationTime <<1pus \ W \
aMACProcessingDelay <2 us \\ \
aPreambleLength 20 ﬁ ~ \
aPLCPHeaderLength /4\A§ ) / ~
aMPDUMaxLength /N /" 4955 ( @) ‘\}
aCWmin N
aCWmax KA }‘0%3

Q\/

17.5.3 Overview of inte

The primitives agsocia
categories

specified.
17.5:4.1 PMD_SAP peer-to-peer service primitives

Table 94 indicates the primitives for peer-to-peer interactions.
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OFDM PLCP Sublayer
PHY PHY Station
Layer D508 Management Management
OFDM PMD Sublayer

Figure 126 —PMD layer reference hode

Primitive X Response

PMD_DATA

er-to-sublayer service primitives

Indicate Confirm Response
< Dl X — — —
ss@m@m X - - -
\RMD_yTE X — — —
PMD_RSSI — X — —

17.5.4.3 PMD_SAP service primitive parameters

Table 96 shows the parameters used by one or more of the PMD_SAP service primitives.
17.5.5 PMD_SAP detailed service specification

This subclause describes the services provided by each PMD primitive.
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Table 96 —List of parameters for the PMD primitives

Parameter Associate primitive Value
TXD_UNIT PMD_DATA .request One(1), Zero(0): one OFDM
symbol value
RXD_UNIT PMD_DATA .indicate One(1), Zero(0): one OFDM
symbol value
TXPWR_LEVEL PMD_TXPWRLVL.request 1-8 (max of 8 levels)
RATE PMD_RATE.request 12 Mbit/s (for BPSK)
24 Mbit/s (for QPSK)
48 Mbit/s (for 16-QAM)
72 Mbit/s (for 6}#@:@)
RSSI PMD_RSSI.indicate 0-8 bits ofﬁz&{[ L

17.5.5.1 PMD_DATA.request
17.5.5.1.1 Function
This primitive defines the transfer of data from the PLCP syb

17.5.5.1.2 Semantic of the service primitive

tion. If the length of a
symbol. This paramet;

encoded into an QFD
17.5.5.1.3 Whi e

17.565:2 PMD_DATA.indicate
17.5.5.2.1 Function

This primitive defines the transfer of data from the PMD entity to the PLCP sublayer.
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17.5.5.2.2 Semantic of the service primitive
This primitive shall provide the following parameters:

PMD_DATA .indicate(RXD_UNIT)

The RXD_UNIT parameter shall be “0” or “1,” and shall represent either a signal field bit or a data field bit
after the decoding of the convolutional code by the PMD entity.

17.5.5.2.3 When generated

This primitive, generated by the PMD entity, forwards received data to the PLCP sublayer. The data-clock
for this primitive shall be supplied by the PMD layer based on the OFDM symbol clock.

17.5.5.2.4 Effect of receipt

The PLCP sublayer interprets the bits that are recovered as part of the P
passes the data to the MAC sublayer as part of the MPDU.

17.5.5.3 PMD_TXSTART.request

17.5.5.3.1 Function

This primitive shal be generated by
The PHY-TXSTART request , prifitive
PMD_TXSTART c¢ ‘

17.5.5.4.1 Functio
TFhis primitive, generated by the PHY PLCP sublayer, ends PPDU transmission by the PMD layer.

17.5.5.4.2 Semantic of the service primitive

This primitive shall provide the following parameters:

PMD_TXEND.request
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17.5.5.4.3 When generated

This primitive shall be generated by the PLCP sublayer to terminate the PMD layer transmission of
the PPDU.

— 17.5.5.4.4 Effect of receipt

PMD_TXEND terminates transmission of a PPDU by the PMD sublayer.
17.5.5.5 PMD_TXPWRLVL.request
17.5.5.5.1 Function

This primitive, generated by the PHY PLCP sublayer, selects the power level by cthe’ PHY for
transmission.

17.5.5.5.2 Semantic of the service primitive
This primitive shall provide the following parameters:
PMD_TXPWRLVL.request(TXPWR_LEVEL)
TXPWR_LEVEL selects which of the transmit power levg
sion. The number of available power levels shall be deter:

PowerLevels. Subclause 17.3.9.1 providgs further
capabilities.

17.5.5.5.3 When generated

ntic of the service primitive
TFhis primitive shall provide the following parameters:

PMD_RATE.request(RATE)

RATE selects which of the OFDM PHY data rates shall be used for MPDU transmission. Subclause 17.3.8.6
provides further information on the OFDM PHY modulation rates. The OFDM PHY rate change capability
is described in detail in 17.3.7.
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17.5.5.6.3 When generated

This primitive shall be generated by the PLCP sublayer to change or set the current OFDM PHY modulation
rate used for the MPDU portion of a PPDU.

— 17.5.5.6.4 Effect of receipt

The receipt of PMD_RATE selects the rate that shall be used for all subsequent MPDU transmissions. This
rate shall be used for transmission only. The OFDM PHY shall still be capable of receiving all the required
OFDM PHY modulation rates.

17.5.5.7 PMD_RSSl.indicate

17.5.5.7.1 Function

This primitive, generated by the PMD sublayer, provides the received signal stre
entity.

17.5.5.7.2 Semantic of the service primitive
This primitive shall provide the following parameters:
PMD_RSSI.indicate(RSSI)

The RSSI shall be a measure of the RF eng
bits (256 levels) are supported.

17.5.5.7.3 When generated

This primitive shall be gengra M'PHY is in the receive state. It shall be avail-
i e parameter to the MAC entity.

This paramete@ ided Q er for information only. The RSSI may be used as part of a
CCA scheme.
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Annex A

(normative)

(PICS) proforma 7

A.4.3 IUT configuration

Add item *CF6 to the following table in this subclause:

Item IUT configuration References Stat /\( port
Lo

FINANCERE
0 o
(b\ MNOD

* CF1 Access point

* CF2 Independent station (not an AP)

*CF3 Frequency-hopping spread spectrum
(FHSS) PHY for the 2.4 GHz band

D | i
>>
3

* CF4 Direct sequence spread spectrum Yes dNod
(DSSS) PHY for the 2.4 GHz band

* CF5 Infrared PHY ZZ /\ 0.2 Yes L No

* CF6 OFDM PHY for the 5 GKz b}td < A K U ‘\/Q Yes (A No

HY functions

Item > K <l%a%re \/ References Status Support

/\& OMBJ/PHY Specific Service Parameters
OF1.1 T&\/EQO ararreter: LENGTH 17.2.2.1 M Yes dNo
OF1.2 V}&V}SQTO meter: DATARATE 17.2.2.2 M Yes A No
(@N \\&KTAR&‘E = 6.0 Mbit/s 17.2.2.2 M Yes A No
*OF1:2: b DB\TMTE =9.0 Mbit/s 17.2.2.2 (0] Yes A No
OFt.2.3 \Bﬂ(FARATE = 12.0 Mbit/s 17.2.2.2 M Yes A No
*OF1.2.4 DATARATE = 18.0 Mbit/s 17.2.2.2 (0] Yes dNo
OF1.2.5 DATARATE = 24.0 Mbit/s 17.2.2.2 M Yes dNo
*QF1.2.6 DATARATE = 36.0 Mbit/s 17.2.2.2 0O Yes A No
*QF1.2.7 DATARATE = 48.0 Mbit/s 17.2.2.2 (0] Yes A No
*OF1.2.8 DATARATE = 54.0 Mbit/s 17.2.2.2 (0] Yes dNo
OF1.3 TXVECTOR parameter: SERVICE 17.2.2.3 M Yes dNo
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Item Feature References Status Support
OF1.4 TXVECTOR parameter: 17.2.2.4 M Yes dNo
TXPWR_LEVEL
OF1.5 RXVECTOR parameter: LENGTH 17.2.3.1 M Yes dNo
OF1.6 RXVECTOR parameter: RSSI 17.2.3.2 M Yes dNo
OF2: OFDM PLCP sublayer
OF2.1 RATE-dependent parameters 17.3.2.2 M Yes dNo
OF2.2 Timing related parameters 17.3.2.3 M Yes 1 Notl
OF2.3 PLCP Preamble: SYNC 17.3.3 M Yes chNo 1
OF2.4 PLCP header: SIGNAL 17.3.4 M \% O Nod
OF2.5 PLCP header: LENGTH 17.3.4.1 /NK\ ) NS&NO a
OF2.6 PLCP header: RATE 17.34.2 \ \(ew a
OF2.7 PLCP header: parity, reserve 17.3.4.3 \IVK \\@D No 4
OF2.8 PLCP header: SIGNAL TAIL 17.343 \ y\ \ Yes 1 No
OF2.9 PLCP header: SERVICE 17%\ b M\ Yes dNo
OF2.10 PPDU: TAIL M\ ﬁ775/2\ W Yes dNo
OF2.11 PPDU: PAD /\ A (s 17.3 5@ Q M Yes dNo

and descrambler

OF2.12 PLCP/OFDM PHY data ﬁml 17% M Yes A No
OF2.13 Convolutional encoder \

(\ 173.5.5 M Yes dNo

OF2.13.1 RateR<1/2 /\\\) W 17355 M Yes 0 No

N
OF2.13.2 PunFmRed coding R f‘}Q \) 17.3.5.5 OF1.27M | YesdNodN/AQ

OF2.13.3 unctured codi = \> 17.3.5.5 OF1.2.2 Yes dNodN/AQ
) i
OF1.2.4
OR
OF1.2.6
OR

OF1.2.8:M

OFZ/M\\ N Data ir&e{rle&{g 17.3.5.6 M Yes dNo

OFZ}\\ Wmodulation mapping 17.3.5.7 M Yes dNo

OR2.15.1 BI%K 17.3.5.7 M Yes dNo
OF2.15.2 QPSK 17.3.5.7 M Yes dNo
OF2.15.3 16-QAM 17.3.5.7 M Yes dNo
OF2.15.4 64-QAM 17.3.5.7 OF1.2.7 Yes L No A N/A
OR
OF1.2.8:M
OF2.16 Pilot subcarriers 17.3.5.8 M Yes dNo
OF2.17 OFDM modulation 17.3.5.9 M Yes dNo
OF2.18 Packet duration calculation 17.3.5.10 M Yes dNo
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Item Feature References Status Support
OF2.19 CCA
OF2.19.1 CCA: RSSI 17.3.6 M Yes dNo
OF2-+15-2 CCA—indteattontoMACsubtayer 1736 Mt YesTNo
OF2.20 PLCP data modulation and modulation 17.3.7 M Yes dNo
rate change
OF3: PDM Operating Specification General
OF3.1 Occupied channel bandwidth 17.3.8.1 M Yes [ Notl
OF3.2 Operating frequency range 17.3.8.2 M Yes chNo 1
OF3.3 Channelization 17.3.8.3 M /\( \‘Q dNold
*OF3.3.1 Lower U-NII subband (5.15-5.25 GHz) 17.3.8.3 /Q{\ NSNO a
*OF3.3.2 Middle U-NII subband (5.25-5.35 GHz) 17.3.8.3 &l\ \(ew a
*OF3.3.3 Upper U-NII subband (5.725-5.825 GHz) 17.3.8.3 B\K \@D Nol
OF3.4 Number of operating channels 17.3@ \ &\ \ Yes dNo
OF3.5 Operating channel frequencies 17§3\ h M\ Yes dNo
OF3.6 Transmit and receive in band and out of \ﬁ 77.8.4 W Yes dNo
band spurious emission (\ /\ \
OF3.7 TX RF delay & & ) 1}\%8}J )\/ M Yes dNo
OF3.8 Slot Time A \g3%-/ M Yes D No O
OF3.9 Trans(lmi/tozé\luireceive antena p% @.8.7 M Yes dNod
impedan S~
OF3.10 Tra mit\a\dj\ée(ive opew 17.3.8.8 M Yes dNod
tem?)%@ure nge
OF3.10.1 \"Qrpe © °C>§B\°C) > 17.3.8.8 Yes QA No O
OF3.10.2 \/{WOG\KS(?\\‘\) > 17.3.8.8 Yes dNo
OF3.10.3 %\)&3 (\—%N 70 ‘b 17.3.8.8 (0] Yes dNo
/\ \ \ OF4: PMD Transmit Specification
OF4/1/\\ N ﬁqsn&{poMevels M Yes dNod
om\ \}Wﬂ (5.15-5.25 GHz) 17.3.9.1 OF33.1:M | YesANoQN/AQ
OF4.1.2 Po>er level (5.25-5.35 GHz) 17.3.9.1 OF3.3.2:M Yes dNodN/AQ
OF4.1.3 Power level (5.725-5.825 GHz) 17.3.9.1 OF3.3.3:M Yes dNo dN/AQ
OF4.2 Spectrum mask 17.3.9.2 M Yes [dNo
OF4.3 Spurious 17.3.9.3 M Yes dNo
OF4 % Center Trequency tolerance 17392 ™ Yes T No
OF4.5 Clock frequency tolerance 17.3.9.5 M Yes dNo
OF4.6 Modulation accuracy Yes dNo
OF4.6.1 Center frequency leakage 17.3.9.6.1 M Yes dNo
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information base

Item Feature References Status Support
OF4.6.2 Spectral flatness 17.3.9.6.2 M Yes dNo
OF4.6.3 Transmitter constellation error < -5 dB 17.3.9.6.3 M Yes dNod
OF4-64 Framsmitter-constetationrerror~<—8-dB +73-59:6-3 OF 22 M——Yes- TN EHNA
OF4.6.5 Transmitter constellation error < —10 dB 17.3.9.6.3 M Yes dNo
OF4.6.6 Transmitter constellation error < —13 dB 17.3.9.6.3 OF1.2.4:M Yes dNo N/A
OF4.6.7 Transmitter constellation error < —16 dB 17.3.9.6.3 M Yes dNod
OF4.6.8 Transmitter constellation error < —19 dB 17.3.9.6.3 OF1.2.6:M Yes [ No LANN/AT
OF4.6.9 Transmitter constellation error < —22 db 17.3.9.6.3 OF1.2.7:M/f\Qs QO NelIN/AQ
OF4.6.10 Transmitter constellation error < —25 dB 17.3.9.6.3 OFI.Z}:/M& /zesﬁ\go AN/AQ

OF5: PMD Receiver Specifications (\ \\ \
OF5.1 Minimum input level sensitivity at /\ v
PER = 10% with 1000 octet frames
OF5.1.1 —82 dBm for 6 Mbit/s 17.39Q.1 \ y\ \ Yes dNo
OF5.1.2 —81 dBm for 9 Mbit/s 17.3.%\ 0?1.2}.\&/] Yes L No I N/A O
OF5.1.3 —79 dBm for 12 Mbit/s gﬁ]lO]{ W Yes dNo U
OF5.1.4 —77 dBm for 18 Mbit/s /\ A (s 17(3.1 1 T\O}l.2.4:M Yes No I N/A O
OF5.1.5 —74 dBm for 24 Mbit/s 17.3N0.1 M Yes dNo
OF5.1.6 —70 dBm for 36 Mbit/s 1'A3.10.1 OF1.2.6:M Yes L No L N/A O
OF5.1.7 -66 dBn}f&R48 M}it{ \ \\ \1\7/10 1 OF1.2.7:M Yes No L N/A O
OF5.1.8 -65 an\Qr S5MNVIbit/s ~ 17.3.10.1 OF1.2.8:M Yes L No L N/A O
OF5.2 Adj%cé&gzha\nnel requh\ ~ 17.3.10.2 M Yes dNo U
OF5.3 < @m%ljacent%la}ﬁ{r%\tio\\/ 17.3.10.3 M Yes dNo
OF5.4 %}N\ﬁh&ut}&{)\e\) 17.3.10.4 M Yes dNo
OF5.5 EQ en%ty 17.3.10.5 M Yes dNo
<\ \ OF6: PLCP Transmit Procedure
OF< \ \Tr\glsm transmit on MAC request 17.3.13 M Yes dNo
OF6.2 N 'ﬁg&fmz/fermat and data encoding 17.3.13 M Yes dNo
OF6.3 \'[;z%smit: timing 17.3.13 M Yes dNo
OF7: PLCP Receive Procedure
OF7.1 Receive: receive and data decoding 17.3.14 M Yes dNod
OFS8: PHY LME
OF8.1 PLME: support PLME_SAP 17.4.1 M Yes dNo
management primitives
OF8.2 PLME: support PHY management 17.4.2 M Yes dNo
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Item Feature References Status Support
OF8.3 PLME: support PHY characteristics 17.4.3 M Yes dNo
OF9: OFDM PMD Sublayer
OF9.1 PMD: support PMD_SAP peer-to-peer 17.5.4.1, M Yes A Nold
service primitives 17.5.5.1,
17.5.5.2
OF9.2 PMD: support PMD_SAP sublayer-to- 17.54.2, M Yes dNo
sublayer service primitives 17.5.5.3,
17.5.5.4,
17.5.5.5,
17.5.5.6,
17.5.5.7 /]
OF9.3 PMD_SAP service primitive parameters /\\ ~D
OF9.3.1 Parameter: TXD_UNIT 17.5.4.3 @\ \\\%D od
0F9.3.2 Parameter: RXD_UNIT 17.54.3 \I\Q \ \%{bﬂ(o a
OF9.3.3 Parameter: TXPWR_LEVEL 17.55/3\ I\N \Yél:l Nod
A
OF9.34 Parameter: RATE (12 Mbit/s) ﬁ‘i\}\\ b(\ ) Yes dNo
OF9.3.5 Parameter: RATE (24 Mbit/s) l}.§.4.3 M > Yes dNo
0OF9.3.6 Parameter: RATE (48 Mbit/s) (\\)}44/5\ M Yes dNo
OF9.3.7 Parameter: RATE (72 Mbit/s) < N g l’&SAS&) P/ (6] Yes A No
OF9.3.8 Parameter: RSSI 17.§>¥S—/ M Yes A No
OF10: Gec%rap(fc\%ea \eeﬁc>quirements
*QF10.1 Geograghic areas \) 17.3.8.2, M Yes A No
17.3.8.3,
17.3.8.4,
17.3.9.3

&
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Annex D

(normative)

— ASN.1 encoding of the MAC and PHY MIB

Add the following variables to the PHY MIB:

1. In “Major sections” of Annex D, add the following text to the end of “PHY Attributes” section:
“.-_dot11PhyOFDMTable ::= {dotllphy 11}”

2. In “dot11PhyOperation TABLE” section of Annex D, update “dot]1 1PHY Type attribute” section as the following text:
“dotl1PHY Type OBJECT-TYPE

SYNTAX INTEGER {fhss(1), dsss(2), irbaseband(3), ofdm(4)}

MAX-ACCESS read-only

STATUS current

DESCRIPTION”

“This is an 8-bit integer value that identifies the PHY type
supported by the attached PLCP and PMD. Currently defined
values and their corresponding PHY types are:

FHSS 2.4 GHz =01, DSSS 2.4 GHz = 02, IR Baseband = 03,
OFDM 5 GHz = 04”

::= {dot11PhyOperationEntry 1} ((} Q{
3. In Annex D, add the following text to the 4}“(10 1SuppaftedDataRateRx TABLE” section:

__************************************}{***%*w***%****\%***** skeskoskoskskok

-- * dot11PhyOFDM TABLE
B A A N T T T )

dot11PhyOFDMTable OBJECTLYPE Q
SYNTAX SEQUENCE OF Dotl11PhyOFDM

MAX-ACCESS not-accepsible N

STATUS current

DESCRIPTION

“Group of attribdtes dotl 1Phy@QEDMTableNm; ented as a

table indexed on Migdexto allow forshultiple instances on
an Agent.”

.= {dotl1phy 11<1 :/ \i>
dot11PhyOEPMEnty OBJEST-TYRE

SYNTAX Dotl1PRyOFDMEnt
MAX-ASCESS nat-acoessible

STATUS cu
DESCRIPTIO
“An entry in/'the dot11PhyOFDM Table.

iflndéx - Each IEEE 802.11 interface is represented by an
ifEntry. Interface tables in this MIB module are indexed
by ifIndex.”

INDEX {ifIndex

::= {dot11PhyOFDMTable 1}

Dotl11PhyOFDMEntry ::= SEQUENCE {
dotl1CurrentFrequency INTEGER,
dot11TIThreshold INTEGER,
dotl1FrequencyBandsSupported}

dotl1CurrentFrequency OBJECT-TYPE
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SYNTAX INTEGER (0..99)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“The number of the current operating frequency channel of the OFDM PHY.”
= {dot11PhyOFDMEntry 1}

dot11TIThreshold

SYNTAX INTEGER32

MAX-ACCESS read-write

STATUS current

DESCRIPTION

“The Threshold being used to detect a busy medium (frequency).

CCA shall report a busy medium upon detecting the RSSI above this threshold.”
= {dot11PhyOFDMEntry 2}

dotl1FrequencyBandsSupported

SYNTAX INTEGER (1..7)

MAX-ACCESS read-only

STATUS current

DESCRIPTION

“The capability of the OFDM PHY implementation to operate in the three U-N
bands. Coded as an integer value of a three bit field as follows:

bit 0 .. capable of operating in the lower (5.15-5.25 GHz) U-NII ban
bit 1 .. capable of operating in the middle (5.25-5.35 GHz) U-NI
bit 2 .. capable of operating in the upper (5.725-5.825 GHz) UAII band

For example, for an implementation capable of operating inthg &de mid

bands this attribute would take the value 3.” Q

::= {dot1 1PhyOFDMEntry 3}

o skeste st sk ste st she ske st sfe sk sk she st st sk ste st sk ske st ske sk st ske sk sk ske st st ske sk steoske sk skeoskeosk Sk sk sk sk skokoskokosk Seskoskokoskokokosk
-- * End of dot11PhyOFDM TABLE

***********************fy&{********** *** Sk sk **** * sfe sfe st she sfe sfe s e ske sfe sfeskesk

4. In Annex D, update “c x«m Memenh\ n as the 10 10w1ng text:

st 3 she sfe sfe s she sfe sfe s sfe she sfe sk sie she sfe ke s s %ﬁf**f*f****{** S kRO K Sfe st sk S3fe st s she sfe sfe sk she sfe sfe sk ske sfe sfe sk sk sfe sk skesk

- * compliance stgtemerlts \>
;;***********g;f;;;*;2<***** k% k kskk sk s SR sk sk sk sk sk sk s sk sk sk st sk skoske sk skoske sk skeske sk ks sk skosk sk

dotl1Compliance MQﬁU]}E\CGMPHxA

STATUS current
DESCRIPTION
“The compligfise statement PV2 entities

MODUABE --this.mo
MANDATORYKGROUPS {
dotl1S ast \&

dotl IMAEDbase, dotl1CountersGroup,

dotll SmtAutherTficationAlgorithms,

dotl MResourceTypelD! dot11PhyOperationComplianceGroup}

GROUP dotl11PhyDSSSComplianceGroup
DESCRIPTION

“Implementation of this group is required when object
dot1 1PHY Type has the value of dsss. This group is

mutually exclusive with the groups dotl TPhyIRComplianceGroup,
dot11PhyFHSSComplianceGroup and dotl1PhyOFDMComplianceGroup.”

GROUP dot11PhyIRComplianceGroup
DESCRIPTION
“Implementation of this group is required when object
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dot1 1PHY Type has the value of irbaseband. This group is
mutually exclusive with the groups dotl1PhyDSSSComplianceGroup,
dot11PhyFHSSComplianceGroup and dotl1PhyOFDMComplianceGroup.”

GROUP dot11PhyFHSSComplianceGroup
DESCRIPTION
“Implementation of this group is required when object

dot1 1PHY Type has the value of fhss. This group is
mutually exclusive with the groups dotl1PhyDSSSComplianceGroup,
dot11PhyIRComplianceGroup and dotl1PhyOFDMComplianceGroup.”

GROUP dotl110FDMComplianceGroup

DESCRIPTION

“Implementation of this group is required when object

dotl 1PHY Type has the value of ofdm. This group is

mutually exclusive with the groups dotl1PhyDSSSComplianceGroup,
dot11PhyIRComplianceGroup and dotl1PhyFHSSComplianceGroup.”

-- OPTIONAL-GROUPS {dotl1SMTprivacy, dotl11 MACStatistics,
-- dotl 1PhyAntennaComplianceGroup, dotl1PhyTxPowerComplianceGroup,
-- dot11PhyRegDomainsSupportGroup,

-- dot11PhyAntennasListGroup, dotl 1PhyRateGroup}

::= {dotl1Compliances 1}

5. In “Groups - units of conformance” section of Annex D, addt followin&tex the eny of “dotl1CountersGroup”

section:

“dot1 1PhyOFDMComplianceGroup OBJECT-GROUP
OBIJECTS {

dot11CurrentFrequency,

dot11TIThreshold,

dotl1FrequencyBandsSupported}
STATUS current

DESCRIPTION
“Attributes that configure thé%l\d m 11

= {dot11Groups 17}”

@
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Annex G

(informative)

Add Annex G (a new annex):

An example of encoding a frame for OFDM PHY

G.1 Introduction

The purpose of this annex is to show an example of encoding a frame for the OFDM PHY, as deseribed in
Clause 17 of IEEE Std 802.11, 1999 Edition. This example covers all the encoding d s\defined by the
base standard.

The encoding illustration goes through the following stages:

a)  Generating the short training sequence section of the preamble$

b)  Generating the long preamble sequence section of the pre ;
¢)  Generating the SIGNAL field bits;

d) Coding and interleaving the SIGNAL field bits;

e) Mapping the SIGNAL field into frequency domai
f)  Pilot insertion;

g)  Transforming into time domain;
h)
)
j)  Scrambling and zergj

k)  Encoding the DATA wit
1)  Mapping into ¢emplex

)

m) Pilot insertion|
n) Transf
0) Concatenati

This example use be 3
to illystrate agmaay nontrivial aspects of the processing as possible.

a)
b)
©~ Interleaving, which uses the LSB-MSB swapping stage;

Puncturihg of'the convolutional code;

d)  Scrambling of the pilot subcarriers.

54 Copyright © 2000 IEEE. All rights reserved.


https://standardsiso.com/api/?name=af9e36920545a41d4dd614c01bfd393d

ISO/IEC 8802-11:1999/Amd 1:2000(E)
HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND IEEE Std 802.11a-2000

G.2 The message
The message being encoded consists of the first 72 characters of the well-known “Ode to Joy” by F. Schiller:

Joy, bright spark of divinity,

nmlghtpr of Elyvsinm

Fire-insired we tread

Thy sanctuary.

Thy magic power re-unites

All that custom has divided,

All men become brothers

Under the sway of thy gentle wings...
The message is converted to ASCII; then it is prepended with an appropriate MAC and\a’CRC32 is
added. The resulting 100 octets PSDU is shown in Table G.1.

Table G.1—The message

## Val Val Val <<7>1\
1...5 04 02 (;)/'\Q
6...10 0 08 | (ed (7

11...15 93\ N
16...20 \ \
\ 00 00 4a

6
-
26...30 é{ <\79\
oo \\;} 68 74
36N45 ’\2\ A 61 72
}0 6f 66 20
6

g TR
D
Q \/Q §€\ 4> 69 76 69 6e

V]

<

A8}
—_
[
W
W
)

Q

(>

56..5Q0 44 61 75 67 68
6155 74 65 72 20 6f
>66. ..60 66 20 45 6¢ 79
71...55 73 69 75 6d 2c
76...60 Oa 46 69 72 65
81...55 2d 69 6e 73 69
86...60 72 65 64 20 77
91 55 65 20 74 72 65
96...100 61 da 57 99 ed
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G.3 Generation of the preamble
G.3.1 Generation of the short sequences

The short sequences section of the preamble is described by its frequency domain representation, given in
Table G2

Table G.2—Frequency domain representation of the short sequences

i Re Im ## Re Im i Re Im i Re Im
-32 0.0 0.0 -16 1.472 1.472 0 0.0 0.0 16 1.472 1.472
=31 0.0 0.0 -15 0.0 0.0 1 0.0 0.0 ﬁ\ 0:0 0.0
-30 0.0 0.0 -14 0.0 0.0 2 0.0 0.0 18(\ N 0.0

N
-29 0.0 0.0 -13 0.0 0.0 3 0.0 (@ 19 \GQ 0.0

-28 0.0 0.0 -12 -1.472 | -1.472 4 -1.472 /5\4%\ \20 1472 1.472

-27 0.0 00 | -1 0.0 0.0 5 gﬁ\\og\\ 2\1\ 0.0 0.0

-26 0.0 0.0 -10 0.0 0.0 6 /‘G\Q \O \Q/ 0.0 0.0

=25 0.0 0.0 -9 0.0 0.0 .0 %ﬂ\/ 23 0.0 0.0
-24 1.472 1.472 -8 -1.472 -1.472 ,\fg\/ /14{’%\ —K472 24 1.472 1.472
=23 0.0 0.0 =7 0.0 \(KO& 6\ vO\J )\/0.0 25 0.0 0.0
=22 0.0 0.0 -6 0.0 /1 0.0 10 0.0 0.0 26 0.0 0.0
21 0.0 0.0 =5 0.0 \ ((-)b\ 1 )0.0 0.0 27 0.0 0.0
=20 -1.472 -1.472 —4 1.47 1.}7&) ‘{2> 1.472 1.472 28 0.0 0.0
-19 | 00 0.0[\ \—\ X (N e | i3 0.0 0.0 29 0.0 0.0
-18 0.0 0.0% —> Ob\ 0> 14 0.0 0.0 30 0.0 0.0
-17 0.0 \/%\ —I\\J)é 0.0 15 0.0 0.0 31 0.0 0.0
One perio e onvthe coqtents of Table G.2 is given inTable G.3.
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Table G.3—One period of IFFT of the short sequences

##H Re Im ##H Re Im ## Re Im ## Re Im
0 0.046 0.046 1 -0.132 0.002 2 -0.013 -0.079 3 0.143 -0.013
4 0.092 0.000 5 0.143 -0.013 6 -0.013 -0.079 7 -0.132 0.002

8 0.046 0.046 9 0.002 -0.132 10 -0.079 | -0.013 11 -0.013 0.143

12 0.000 0.092 13 -0.013 0.143 14 -0.079 | -0.013 15 0.002 -0.132

16 0.046 0.046 17 -0.132 0.002 18 -0.013 | -0.079 19 0.143 -0.043

20 0.092 0.000 21 0.143 -0.013 22 -0.013 | -0.079 23 -0.132 0.002

24 0.046 0.046 25 0.002 -0.132 26 -0.079 | -0.013 {27—\ —0.013 0.143

28 0.000 0.092 29 -0.013 0.143 30 -0.079 | -0.013 /\&31(~ 0002 -0.132

32 0.046 0.046 33 -0.132 0.002 34 -0.013 | 0079 35 0N43 -0.013

36 0.092 0.000 37 0.143 -0.013 38 -0.013 /h(@\ \39 -0\ 32 0.002

40 0.046 0.046 41 0.002 -0.132 42 —O}WQ\ 0.003 P 43\ ~0.013 0.143

44 0.000 0.092 45 -0.013 0.143 46 /—Q@Q\ <01 W 0.002 -0.132

48 0.046 0.046 49 -0.132 0.002 5({ (4)7013 079 51 0.143 -0.013

52 0.092 0.000 53 0.143 -0.013 /\5\4\/ 760/1"3\ —0.079 55 -0.132 0.002

)
56 0.046 0.046 57 0.00& x({lg Q g\()0§9) M)l?s 59 -0.013 0.143
0.

60 0.000 0.092 61 -0.013 LO.l}S\ 62 —}79/ -0.013 63 0.002 -0.132

The single period of the s!
then multiplied by the wi

s>

Wk)y=1|1 1
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Table G.4—Time domain representation of the short sequence

AL R h 8 AL R h g L4l R h ¢ AL

n h #
L e Y L T Y i T Y T T Y

0 0.023 0.023 1 -0.132 0.002 2 -0.013 | -0.079 3 0.143 -0.013

4 0.092 0.000 5 0.143 -0.013 6 -0.013 | -0.079 7 -0.132 0.002

8 0.046 0.046 9 0.002 -0.132 10 -0.079 | -0.013 11 -0.013 0.143

12 0.000 0.092 13 -0.013 0.143 14 -0.079 | -0.013 15 0.002 ¥0.132

16 0.046 0.046 17 -0.132 0.002 18 -0.013 | -0.079 )@’\ 0.143 -0.013

20 0.092 0.000 21 0.143 -0.013 22 -0.013 | -0.079 ’*23 —0N32 0.002

24 0.046 0.046 25 0.002 -0.132 26 -0.079 | -0013 27, 013 0.143

28 0.000 0.092 29 -0.013 0.143 30 -0.079 /§Q\}3\ 31 N)E\/ -0.132

32 0.046 0.046 33 -0.132 0.002 34 —0}1«1\7\ —O.(@ N 3\5\ \O./ﬁB -0.013

36 0.092 0.000 37 0.143 -0.013 38 /& \QWB\ 39} -0.132 0.002

40 0.046 0.046 41 0.002 -0.132 4%/ /_‘QO%\ —0.013 43 -0.013 0.143

44 0.000 0.092 45 -0.013 0.143 /\Qé\/ 76079\ \w13 47 0.002 -0.132

48 0.046 0.046 49 —O.lé .OCé [ @ kOOKi\&) ‘\%79 51 0.143 -0.013

52 0.092 0.000 53 0.143  N\-0.0 54 —O\CHQ/ -0.079 55 -0.132 0.002

56 0.046 0.046 57 0.002( —(94{2 }8\ 3.079 -0.013 59 -0.013 0.143

60 0.000 0.092 fﬂ‘&]{ 0.1¢3 62 -0.079 | -0.013 63 0.002 -0.132

64 0.046 0.0416\ \6{ l—() 32 W )66 -0.013 | -0.079 67 0.143 -0.013

68 0.092 0.0Q0 043 —0\.&£3 70 -0.013 | -0.079 71 -0.132 0.002

72 0.046 \}% 73 Q02 7132 74 -0.079 | -0.013 75 -0.013 0.143

76 0.000 /@2 \m/ 0.143 78 -0.079 | -0.013 79 0.002 -0.132

80 0.046 OME\ }‘K \011’3/2 0.002 82 -0.013 | -0.079 83 0.143 -0.013
\Q

84 0§\92 \@06\ 0.143 -0.013 86 -0.013 | -0.079 87 -0.132 0.002

88 < }Séé\ WG 89 0.002 -0.132 90 -0.079 | -0.013 91 -0.013 0.143

92 }090\\ (}({92 93 -0.013 0.143 94 -0.079 | -0.013 95 0.002 -0.132

96 0.046 \Q)OﬁG 97 —0.132 0.002 98 -0.013 | -0.079 99 0.143 -0.013

100 0.092 0.000 101 0.143 -0.013 102 | -0.013 | -0.079 103 -0.132 0.002

104 0.046 0.046 105 0.002 -0.132 106 | -0.079 | -0.013 107 | -0.013 0.143

108 0.000 0.092 109 | -0.013 0.143 110 | -0.079 | -0.013 111 0.002 -0.132

112 0.046 0.046 113 | -0.132 0.002 114 | -0.013 | -0.079 115 0.143 -0.013

116 0.092 0.000 117 0.143 -0.013 118 -0.013 | -0.079 119 | -0.132 0.002

120 0.046 0.046 121 0.002 -0.132 122 | -0.079 | -0.013 123 -0.013 0.143
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Table G.4—Time domain representation of the short sequence (continued)

#Ht Re Im ## Re Im ## Re Im ##H Re Im

124 0.000 0.092 125 | -0.013 0.143 126 | -0.079 | -0.013 127 0.002 -0.132

128 0.046 0.046 129 | -0.132 0.002 130 | -0.013 | -0.079 131 0.143 —0.013

132 0.092 0.000 133 0.143 -0.013 134 | -0.013 | -0.079 135 | -0.132 0.002

136 0.046 0.046 137 0.002 -0.132 138 | -0.079 | -0.013 139 | -0.013 0.143

140 0.000 0.092 141 -0.013 0.143 142 | -0.079 | -0.013 143 0.002 -0.182

144 0.046 0.046 145 | -0.132 0.002 146 | -0.013 | -0.079 147 0.143 <0.013

148 0.092 0.000 149 0.143 -0.013 150 | -0.013 | -0.079 }/ST\ —0.032 0.002

152 0.046 0.046 153 0.002 -0.132 154 | -0.079 | -0.013 /\¥55(\ —0\{3 0.143

156 0.000 0.092 157 | -0.013 0.143 158 | -0.079 | -0.013 \k59 Q02 -0.132
160 0.023 0.023 \ \ \
N

G.3.2 Generation of the long sequences

The frequency domain representation of the long trainiing (seguence\part e preamble is given in

Table G.5. 6
Table G.5—Frequency domain representa he long sequences

tio
## Re Im #HH# /R\e &Q \#{ / Re Im ## Re Im
=32 | 0.000 0.00?\ -16 1 1./(&0 00 3\({ 0.000 0.000 16 1.000 0.000
=31 | 0.000 0.00E \/\tﬁ\ 1.\&00 0.0Q0 | 1 1.000 0.000 17 | -1.000 | 0.000
=30 | 0.000 (>00 —1< \1\000 M 2 —-1.000 | 0.000 18 | -1.000 | 0.000
-29 | 0.000 /\0@0 \Q \\VSQ)\, 0.000 3 —-1.000 | 0.000 19 1.000 0.000
—28 | 0.000 O.\OQO \2 \1@({ 0.000 4 1.000 0.000 20 | -1.000 | 0.000
=27 0@0 b\QO& -11, -1.000 | 0.000 5 1.000 0.000 21 1.000 0.000
-2 /\1\(@& (%0 -10 | =1.000 | 0.000 6 —-1.000 | 0.000 22 | -1.000 | 0.000
=25 Q00" &o{)o ) 1.000 | 0.000 7 1.000 0.000 23 1.000 0.000
—24+\~1.000 \Q@ -8 1.000 | 0.000 8 —-1.000 | 0.000 24 1.000 0.000
<23 | -1.000 | 0.000 -7 | -1.000 | 0.000 9 1.000 0.000 25 1.000 0.000
—22 | 1.000 0.000 -6 1.000 | 0.000 10 | -1.000 | 0.000 26 1.000 0.000
21 1.000 0.000 -5 | -1.000 | 0.000 11 | -1.000 | 0.000 27 0.000 0.000
—20 | -1.000 | 0.000 -4 1.000 | 0.000 12 | -1.000 | 0.000 28 0.000 0.000
-19 | 1.000 0.000 -3 1.000 | 0.000 13 | -1.000 | 0.000 29 0.000 0.000
-18 | -1.000 | 0.000 -2 1.000 | 0.000 14 | -1.000 | 0.000 30 0.000 0.000
-17 1.000 0.000 -1 1.000 | 0.000 15 1.000 0.000 31 0.000 0.000
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The time domain representation is derived by performing IFFT on the contents of Table G.5, cyclically
extending the result to get the cyclic prefix, and then multiplying with the window function given in G.3.1.
The resulting 161 points vector is shown in Table G.6. The samples are appended to the short sequence sec-
tion by overlapping and adding element 160 of Table G.4 to element O of Table G.6.

Table G.6—Time domain representation of the long sequence

#H# Re Im ## Re Im i Re Im #H# Re Im
0 -0.078 | 0.000 1 0.012 -0.098 | 2 0.092 -0.106 | 3 -0.092 | -0.115
4 -0.003 | -0.054 | 5 0.075 0.074 6 -0.127 | 0.021 7 -0.122 _\0017
8 -0.035 | 0.151 9 -0.056 | 0.022 10 -0.060 | -0.081 1}/\ 0.070 -0.014
12 0.082 -0.092 | 13 -0.131 | -0.065 | 14 -0.057 | -0.039 ’\& ~ 0.037 —-0.098
16 0.062 0.062 17 0.119 0.004 18 -0.022 | -0.161 \k9 0859 0.015
20 0.024 0.059 21 -0.137 | 0.047 22 0.001 AN.Q\ 3 0.853 -0.004
24 0.098 0.026 25 -0.038 | 0.106 26 —O}N\\QOS{\ \27\ M 0.088
28 0.021 -0.028 | 29 0.097 -0.083 | 30 /0% Nl\ \’{) -0.005 | 0.120
32 0.156 0.000 33 -0.005 | -0.120 34/ /0Q40 Ol 1 5 0.097 0.083
36 0.021 0.028 37 0.060 —-0.088 /3%\/ %lyS\ Q055 | 39 -0.038 | -0.106
40 0.098 -0.026 | 41 0.053< 00< [ 4l\> &\.00&\) 115 | 43 -0.137 | -0.047
44 0.024 -0.059 | 45 0.059 L—Oh§\ 46 —O\b%l/ 0.161 47 0.119 —-0.004
48 0.062 -0.062 | 49 0.037 ( 0@9& \{) 5.057 0.039 51 -0.131 | 0.065
52 0.082 0.092 /5\3\ /0’07‘9\ O.M 5‘4S -0.060 | 0.081 55 -0.056 | -0.022
56 —-0.035 —0.15’\ X l—0(L<2 <017 98 -0.127 | -0.021 | 59 0.075 -0.074
60 -0.003 0.05{ \m —0:0Q2 0.1\[\3 62 0.092 0.106 63 0.012 0.098
64 -0.156 \0/39({ 65 0\0\2 —0098 | 66 0.092 -0.106 | 67 -0.092 | -0.115
68 —-0.003 /§{54 69 \0“67% 0.074 70 -0.127 | 0.021 71 -0.122 | 0.017
72 —-0.035 O.M 7§\ \0_05/6 0.022 74 -0.060 | -0.081 | 75 0.070 -0.014
76 0.(&2 %&\ »7\ -0.131 | -0.065 | 78 -0.057 | -0.039 | 79 0.037 —-0.098
80 (%6{\ S 6‘2 81 0.119 0.004 82 -0.022 | -0.161 | 83 0.059 0.015
84 (%24\\ 0.65\9 85 -0.137 | 0.047 86 0.001 0.115 87 0.053 -0.004
88 0.098 \6»0{6 89 -0.038 | 0.106 90 -0.115 | 0.055 91 0.060 0.088
92 0.021 -0.028 | 93 0.097 -0.083 | 94 0.040 0.111 95 -0.005 | 0.120
96 0.156 0.000 97 -0.005 | -0.120 | 98 0.040 -0.111 | 99 0.097 0.083
100 | 0.021 0.028 101 0.060 -0.088 | 102 | -0.115 | -0.055 | 103 | -0.038 | -0.106
104 | 0.098 -0.026 | 105 0.053 0.004 106 | 0.001 -0.115 | 107 | -0.137 | -0.047
108 0.024 -0.059 | 109 | 0.059 -0.015 | 110 | -0.022 | 0.161 111 0.119 —-0.004
112 | 0.062 -0.062 | 113 0.037 0.098 114 | -0.057 | 0.039 115 | -0.131 | 0.065
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Table G.6—Time domain representation of the long sequence (continued)

##H Re Im ## Re Im ## Re Im #Ht Re Im

116 0.082 0.092 117 0.070 0.014 118 -0.060 | 0.081 119 | -0.056 | -0.022

120 | -0.035 | -0.151 121 -0.122 | -0.017 | 122 | -0.127 | -0.021 123 0.075 —0.074

124 | -0.003 | 0.054 125 -0.092 | 0.115 126 | 0.092 0.106 127 0.012 0.098

128 -0.156 | 0.000 129 0.012 -0.098 | 130 | 0.092 —-0.106 131 -0.092 | -0.115

132 | -0.003 | -0.054 | 133 0.075 0.074 134 | -0.127 | 0.021 135 -0.122 | 0017

136 | -0.035 | 0.151 137 -0.056 | 0.022 138 -0.060 | —0.081 139 0.070 ~0.014

140 0.082 -0.092 | 141 -0.131 | -0.065 | 142 | -0.057 | —0.039 lﬂ’f\ 0.037 —-0.098

144 | 0.062 0.062 145 0.119 0.004 146 | -0.022 | -0.161 /\?&17(\ O.&S&K 0.015

148 0.024 0.059 149 -0.137 | 0.047 150 | 0.001 0.1 51 0.0]33 —0.004

152 | 0.098 0.026 153 -0.038 | 0.106 154 | -0.115 /()\GQ\ \1\55 0})%0 0.088

156 0.021 -0.028 | 157 0.097 —0.083 | 158 0.0/40\ .]l& \ISB\ 7005 | 0.120

160 | 0.078 | 0 \ \)

G.4 Generation of the SIGNAL field

O

1. The transmitted bits are shown in Table

G.4.1 SIGNAL field bit assignment

The SIGNAL field bit assignment follo
G.7, where bit O is transmitted first.

nt for SIGNAL field

C\/}# <Ql/t\ & Nearﬁ% ## | Bit Meaning
NE \%Tﬁzjﬁr) 12 |0 -
1 \ \R\AT K2 13 |0 —
\2\ N \BATE: R3 14 |0 _
lx RATE: R4 15 |0 —
4\ 0 Reserved 16 0 LENGTH (MSB)
o LENGTH (LSB) 17 |0 Parity
6 0 — 18 |0 SIGNAL TAIL
7 1 — 19 |0 SIGNAL TAIL
8 0 — 20 10 SIGNAL TAIL
9 0 — 21 0 SIGNAL TAIL
10 1 — 22 |0 SIGNAL TAIL
11 1 — 23 |0 SIGNAL TAIL
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G.4.2 Coding the SIGNAL field bits.

The bits are encoded by the rate 1/2 convolutional encoder to yield the 48 bits given in Table G.8.

Table G.8—SIGNAL field bits after encoding

oS | O VYO

## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
0 1 8 1 16 0 24 0 32 0 40 0
1 1 9 0 17 0 25 0 33 1 41 0
2 0 10 1 18 0 26 1 34 1 42 0
3 1 11 0 19 0 27 1 35 1 —\43\ 0
4 0 12 0 20 0 28 1 36 A (ZM\ \
5 0 13 0 21 0 29 1 37 b\ )‘x
6 0 14 0 22 1 30 1 38 \(l 6

\0\ 47

7 1 15 1 23 | 0 31 0(\3g
N\ N\

3:576. A detailed breakdown of the inter-
field bits are shown in Table G.9.

its after interleaving

## El\f\ #HH# l;k ## | Bit ## | Bit ## | Bit
0
0
0
1

24 1 32 0 40 1
25 33 0 41

o | O

26 34 1 42

27 35 43 1

=Nl N =N N

##
0
1
<
4
5
6
7

N b\ N 0 20 0 28 36 44 0
1 13 0 21 1 29 37 1 45 1
0 14 0 22 0 30 1 38 0 46 0
0 15 0 23 0 31 1 39 0 47 0

———— G244 SIGNAL field frequency domaln

The encoded and interleaved bits are BPSK modulated to yield the frequency domain representation given in
Table G.10. Locations —21, -7, 7, and 21 are skipped and will be used for pilot insertion.
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Table G.10—Frequency domain representation of SIGNAL field

## Re Im ## Re Im ## Re Im ## Re Im
—-32 | 0.000 0.000 -16 | 1.000 0.000 0 0.000 0.000 16 -1.000 | 0.000
=31 | 0.000 0.000 —-15 | -1.000 | 0.000 1 1.000 0.000 17 —-1.000 | 0.000
=30 | 0.000 0.000 —-14 | 1.000 0.000 2 —-1.000 | 0.000 18 1.000 0.000
-29 | 0.000 0.000 -13 | —1.000 | 0.000 3 —-1.000 | 0.000 19 -1.000 | 0.000
-28 | 0.000 0.000 -12 | -1.000 | 0.000 4 —-1.000 | 0.000 20 -1.000 | 0.000
-27 | 0.000 0.000 -11 | -1.000 | 0.000 5 —-1.000 | 0.000 21 X X
-26 | 1.000 0.000 -10 | —1.000 | 0.000 6 —-1.000 | 0.000 1.000 0.000
-25 | -1.000 0.000 -9 -1.000 | 0.000 7 X X N k23(\ —1\.%() 0.000
-24 | -1.000 0.000 -8 -1.000 | 0.000 8 1.000 0.090 24 12000 0.000
-23 | 1.000 0.000 =7 X X 9 1.000 /O\S(Q 2 —NOO 0.000
-22 | -1.000 0.000 -6 -1.000 | 0.000 10 -1 &oo& %ﬁ .000 | 0.000
21 X X -5 1.000 0.000 11 ’xl\\OOQ\MO \\27) 0.000 0.000
—20 | 1.000 0.000 -4 -1.000 | 0.000 % [1\)000 }GQO\ 28 0.000 0.000
-19 | -1.000 0.000 -3 1.000 0.000 ( &\3\/ /1(}0@\ Q00 29 0.000 0.000
-18 | —1.000 0.000 -2 —1.0&{ \0Q0< <4 kl W )\0.'{00 30 0.000 0.000
-17 | 1.000 0.000 -1 -1.000 _N0.00 15 1.0 0.000 31 0.000 0.000

Four pilot subcarriers ar
ment of sequence pg
tively. The resulting fre

9,
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Table G.11—Frequency domain representation of SIGNAL field with pilots inserted

L4l R h ¢ L4l Ay h 8 AL R h L4l

R h #
L T Y i C Y T T Y i T Y

=32 | 0.000 0.000 -16 | 1.000 0.000 0 0.000 0.000 16 -1.000 | 0.000
=31 | 0.000 0.000 -15 | -1.000 | 0.000 1 1.000 0.000 17 —-1.000 | 0.000
=30 | 0.000 0.000 -14 | 1.000 0.000 2 -1.000 | 0.000 18 1.000 0.006.
-29 | 0.000 0.000 -13 | -1.000 | 0.000 3 -1.000 | 0.000 19 —1.000 _[\0{000
-28 | 0.000 0.000 -12 | -1.000 | 0.000 4 -1.000 | 0.000 /26’\ —-1.000~| 0.000
=27 | 0.000 0.000 -11 | -1.000 | 0.000 5 —-1.000 | 0.000 /{21(\ —1.800 | 0.000
-26 | 1.000 0.000 -10 | -1.000 | 0.000 6 —-1.000 0.0(&/\ 22 }QQO 0.000
-25 | -1.000 | 0.000 -9 -1.000 | 0.000 7 1.000 /0‘9% 2 }1\0&}/ 0.000
-24 | -1.000 | 0.000 -8 -1.000 | 0.000 8 1.0 \({OOQ\ \ 54\ 0 0.000

-23 | 1.000 0.000 -7 1.000 0.000 9 /LQO\ Q0 25} —-1.000 | 0.000

-22 | -1.000 | 0.000 -6 -1.000 | 0.000 lf ~ O(b\m 26 —-1.000 | 0.000

-21 | 1.000 0.000 =5 1.000 0.000 ( —\Q\/> 7'{0?& M) 27 0.000 0.000
-20 | 1.000 0.000 —4 —1.0(]< 00C< 62 (k.OO%}\) P@&) 28 0.000 0.000

-19 | -1.000 | 0.000 -3 1.000 _\_Q.OO 13 —SOQO-/ 0.000 29 0.000 0.000

-18 | -1.000 | 0.000 -2 —1.004 0@60\ h\ ~.000 | 0.000 30 0.000 0.000

-17 | 1.000 0.000 /\ fl‘(‘)@Q 020 1}> 1.000 0.000 31 0.000 0.000
N

The,resulting 81 samples vector is shown in Table G.12. Note that the time-windowing feature illustrated
here is not a part of the normative specifications.

The SIGNAL field samples are appended with one sample overlap to the preamble, given in Table G.6.
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