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| EEE Standar ds documents are devel oped within the IEEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within |IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of |EEE that have expressed an interest in participating in the development of

the standard.

Use of an |IEEE Standard is wholly voluntary. The existence of an |IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the |EEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and gomments
received from users of the standard. Every |EEE Standard is subjected to review at least every\five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffitmed, it is rea-
sonable to conclude that its contents, although still of some value, do not wholly reflect‘the’present state of
the art. Users are cautioned to check to determine that they have the latest edition of any TEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, fegardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in theform of a proposed change of
text, together with appropriate supporting comments.

Interpretations. Occasionally questions may arise regarding the meahing of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of 1EEE, the
Institute will initiate action to prepare appropriate responses. Stice | EEE Standards represent a consensus of
all concerned interests, it isimportant to ensure that any intefpréetation has also received the concurrence of a
balance of interests. For this reason, |IEEE and the meémbers of its societies and Standards Coordinating
Committees are not able to provide an instant response to interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

PO. Box1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
requireuse of subject matter covered by patent rights. By publication of this standard,
ne ‘pasition is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which alicense may be required by an |EEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other designationsto

indicate. anpl lancewith the materials set forth herein

Authorization to photocopy portions of any individual standard for internal or personal useis granted by the
Ingtitute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can aso be obtained through the Copy-
right Clearance Center.
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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 Layer in the 5 GHz Band.)

I'mis standard 1s part of a tamily 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.)

>

=

o

8 802.2 LOGICAL LINK CONTROL

®

e

o DATA
o 802.1 BRIDGING LINK

LAYER

802.3 802.4 802.5 802.6 802.9 802.11 802.12
MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM
ACCESS ACCESS ACCESS ACCESS ACCESS ACCESS ACCESS

802.1 MANAGEMENT

802.3 802.4 802.5 802.6 802.9 802.11 802.12 PHYSICAL
PHYSICAL| [PHYSICAL| [PHYSICAL| |[PHYSICAL{ ~PHYSICAL| |PHYSICAL| |PHYSICAL LAYER

802 OVERVIEW & ARCHITECTURE*

* Formerly IEEE Std 802.1A.

This family of standards deals with the Physical and Pata Link layers as defined by the International Organiza-
tion for Standardization (ISO) Open Systems ‘Interconnection (OSI) Basic Reference Model (ISO/IEC
7498-1:1994). The access standards define seven types of medium access technologies and associated physi-
cal media, each appropriate for partiettlar applications or system objectives. Other types are under
investigation.

The standards defining the access technologies are as follows:

IEEE Std 802 Overview and Architecture. This standard provides an overview to the family
of IEEE 802 Standards.

e ANSUIEEE~Std 802.1B LAN/MAN Management. Defines an OSI management-compatible architec-
and 802.1k ture, and services and protocol elements for use in a LAN/MAN environment
[ISO/IEC.15802-2] for performing remote management.

o ANSIIEEE Std 802.1D  Media Access Control (MAC) Bridges. Specifies an architecture and protocol
HSO/IEC 15802-3] for the interconnection of IEEE 802 LANs below the MAC service boundary.

s ANSIIEEE Std 802.1E  System Load Protocol. Specifies a set of services and protocol for those

OO 15009 41 + £ 4+ | wtlotlo 1 pn £ + J I Q0D
[IOVUNIL O TIJOULZTT] aDlJble Ul lllallas\zlll\/llt CUITILUTTIVU WL UtIIv anUJllé Ul D_y SUUIILS VI 11112 OU
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]

ANSI/IEEE Std 802.4

HSOAEC 88024

Logical Link Control

CSMA/CD Access Method and Physical Layer Specifications

Token Passing Bus Access Method and Physical Layer Specifications

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]

Token Ring Access Method and Physical Layer Specifications

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

Integrated Services (IS) LAN Interface at the Medium Access.Control and
Physical Layers

Interoperable LAN/MAN Security

Wireless LAN Medium Access Control and Physical Layer Specifications

Demand Priority Access Method, Physicdl Layer and Repeater Specifica-
tions

In addition to the family of standards, the following is a fecommended practice for a common Physical
Layer technology:

IEEE Std 802.7

IEEE Recommended-Practice for Broadband Local Area Networks

The following additional working groups.have authorized standards projects under development:

IEEE 802.14
IEEE 802.15

IEEE 802.16

Standard Protocol for Cable-TV Based Broadband Communication Network

Wireless Personal Area Networks Access Method and Physical Layer
Specifications

Broadband 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.

There are three annexes included in this supplement. Following are instructions to merge the information in
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 enhd -of
Annex A in the base standard (i.e., after A.4.7).

Annex D: This annex contains additions to be made to Annex D (ASN.1 encoding of the MAC and PHY
MIB) of the base standard. There are five sections that provide instructions to merge the(ihformation con-
tained herein into the appropriate locations in Annex D of the base standard.

Annex G: This annex is new to the base standard. The purpose of Annex G is to‘provide an example of
encoding a frame for the OFDM PHY, described in Clause 17, including all interiiediate stages.

Copyright © 2000 |IEEE. All rights reserved. \4
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International Standard ISO/IEC 8802-11:1999/Amd 1:2000(E)

tmformation techmotogy—

Telecommunications and information
exchange between systems—

Local and metropolitan area networks—

Specific requirements

Part 11: Wireless LAN Medium:Access
Control (MAC) and Physical kayer (PHY)
specifications

Amendment 1: High-speed Physical
Layer in the 5 GHz:band

[These additions are based on1S©/IEC 8802-11:1999(E) (IEEE Std 802.11, 1999 Edition).]

EDITORIAL NOTE—The-diting instructions contained in this supplement define how to merge the material contained
herein into 1SO/IEC8802-11:1999(E) (IEEE Std 802.11, 1999 Edition), to form the new comprehensive standard as cre-
ated by the additiof:ef 1 SO/IEC 8802-11:1999/Amd 1:2000(E) (IEEE Std 802.11a-1999).

The editing.instructions are shown in bold italic. Three editing instructions are used: change, delete, and insert. Change
is used tosmake small corrections to existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed either by using strikethreugh (to remove old material) or underscore (to add new
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. Editorial notes will not be
carried over into future editions.

Copyright © 2000 IEEE. All rights reserved. 1
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ISO/IEC 8802-11:1999/Amd 1:2000(E)
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-MPDU coded MPDU

EFET FEast 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:
For the 5 GHz PHY, the time required to transmit a frame for use™n’the Duration/ID field is determined

using the PLME-TXTIME.request primitive and the PLME-TXTIME.confirm primitive. The calculation
method of TXTIME duration is defined in 17.4.3.

10.4 PLME SAP interface

Add the following text to the end of 10.4:

Remove the references to aMPDUDurationFactor from 10.4.3.1.

Add the following subclauses at thecend of 10.4:

10.4.6 PLME-TXTIME.request

10.4.6.1 Function

This primitive is.a‘request for the PHY to calculate the time that will be required to transmit onto the wire-
less medium_d PPDU containing a specified length MPDU, and using a specified format, data rate, and
signalling,

10.4.62"Semantics of the service primitive

This primitive provides the following parameters:

PlAAd RS IO A = eh SABE mPale aPat Y
TLIVIE=TATIVIEICHUCSITT A VIEC TURN)

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

LINZ TONZIOT

TilC CffCLl Uf lCLCiPl Uf lllib PlillliLiVU by LilC PI—I“l7 CllliLy blldl‘l ‘UC L0 gClllalc d Pﬂ I-1T/ lllVIE.LUllﬁllll Plillli'
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 described in the-corresponding
PLME-TXTIME.request.

10.4.7.2 Semantics of the service primitive
This primitive provides the following parameters:
PLME-TXTIME.confirm(TXTIME)
The TXTIME represents the time in microseconds required to.transmit the PPDU described in the corre-
sponding PLME-TXTIME.request. If the calculated time in¢ludes a fractional microsecond, the TXTIME
value is rounded up to the next higher integer.
10.4.7.3 When generated
This primitive is issued by the local PHY entity.in'response to a PLME-TXTIME.request.
10.4.7.4 Effect of receipt

The receipt of this primitive provides-the MAC sublayer with the PPDU transmission time.

Add the entire Clause 17 to the base standard:

17. OFDM PHY specification for the 5 GHz band

17.1 Introduction

This-elause specifies the PHY entity for an orthogonal frequency division multiplexing (OFDM) system and
thehadditions 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-

Tafions, Title 47, Section 15.407. The OFDM system provides a wircless 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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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 physical medium dependent
(PMD) system to the PHY service. This function is supported by the physical layer convergence pro-

\.cduu: \PLCP), Wllibll L‘lCﬁlle d lllClllUd Uf llldppillg lllC IEEE 80“.11 PH‘lr bu'ula_ym SCI Vibc 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 system.

17.1.2 OFDM PHY functions

The 5 GHz OFDM PHY architecture is depicted in the reference model shown in Figure 11 of IEEE Std
802.11, 1999 Edition (5.8). The OFDM PHY contains three functional entities: the PMD function, the PHY
convergence function, and the layer management function. Each of these functiens is described in detail in
17.1.2.1 through 17.1.2.4.

The OFDM PHY service is provided to the MAC through the PHY service primitives described in Clause 12
of IEEE Std 802.11, 1999 Edition.

17.1.2.1 PLCP sublayer

In order to allow the IEEE 802.11 MAC to operate with,minimum dependence on the PMD sublayer, a PHY
convergence sublayer is defined. This function simplifies the PHY service interface to the IEEE 802.11
MAC services.

17.1.2.2 PMD sublayer

The PMD sublayer provides a means to send and receive data between two or more stations. This clause is
concerned with the 5 GHz band using OFDM modulation.

17.1.2.3 PHY management entity (PLME)

The PLME performs management of the local PHY functions in conjunction with the MAC management
entity.

17.1.2.4 Service specification method

The models tepresented by figures and state diagrams are intended to be illustrations of the functions pro-
vided \tis important 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
TEEE 802.11 OFDM PHY compliant developer.

Tl M £ 1 1ol a—tla el loslots ot ot o LC 4 M 4+l lasalo 1 L
ITTIIC SUIvVILLU Ul a la)’\./l Ul nuula_y\.d IS UIC SULU UT \./atlaullll,l\ab UIAdl TU UTIVIS TU a USUl IIT IV TIVAT 111511\41 10)'\./1 (Ul
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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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 medium management state machines running in the MAC sublayer in order to meet certain PMD
requirements. These PHY-dependent MAC state machines reside in a sublayer defined as the MAC sublayer
management entty QMIEME) I certaim PMD impiememations, the MENME may nieed 10 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 parames
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 parameterlist in the PHY-
TXSTART.request service primitive.

Table 76 —TXVECTOR parameters

Parameter Associate primitive Value
LENGTH PHY-TXSTART.request\. |/ 1-4095
(TXVECTOR)
DATATRATE PHY-TXSTART.fequest | 6,9, 12, 18, 24, 36, 48,
(TXVECTOR) and 54
(Support of 6, 12, and
24 data rates is manda-
tory.)
SERVICE PHY-TXSTART.request | Scrambler initializa-
(TXVECTOR) tion; 7 null bits + 9
reserved null bits
TXPWR_LEVEL PHY-TXSTART.request | 1-8
(TXVECTOR)

17.2.2.1 TXVECTOR-LENGTH

The allowed values for the LENGTH parameter are in the range of 1-4095. This parameter is used to indi-
cate the number of octets in the MPDU which the MAC is currently requesting the PHY to transmit. This
value is ased by the PHY to determine the number of octet transfers that will occur between the MAC and

17.2.2.2 TXVECTOR DATARATE

supported.

Copyright © 2000 |IEEE. All rights reserved.
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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 TXVECTOR TXPWR_LEVEL

TilC dllUWCL‘l Vdiqu fUl LIIC T}\P‘V‘V’R_LE‘VYEL Pd,ldlllCLCl dlT ill LilC ldllgC flUlll 11—8 Tllib Pd.l dITICLICI ib uacd [19)
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 parameter list, in~the PHY-
RXSTART.indicate service primitive.

Table 77—RXVECTOR parameters

Parameter Associate primitive Value

LENGTH PHY-RXSTART.indicate 1~4095

RSSI PHY-RXSTART.indicate,~,\0-RSSI maximum
(RXVECTOR)

DATARATE PHY-RXSTART.request 6,9, 12, 18, 24, 36,
(RXVECTOR) 48, and 54

SERVICE PHY-RXSTART.request Null
(RXVECTOR)

17.2.3.1 RXVECTOR LENGTH

The allowed values for the LENGTH parameter are in the range from 1-4095. This parameter is used to
indicate the value contained incthe LENGTH field which the PLCP has received in the PLCP header. The
MAC and PLCP will use this value to determine the number of octet transfers that will occur between the
two sublayers during the:ttansfer of the received PSDU.

17.2.3.2 RXVECTOR RSSI

The allowed values for the receive signal strength indicator (RSSI) parameter are in the range from 0
through RSSI maximum. This parameter is a measure by the PHY sublayer of the energy observed at the
antennaused to receive the current PPDU. RSSI shall be measured during the reception of the PLCP pream-
ble.(RSSI is intended to be used in a relative manner, and it shall be a monotonically increasing function of
the received power.

17.2.3.3 DATARATE

DATARATE shall represent the data rate at which the current PPDU was received. The allowed values of the
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 PSDU shall be provided with a PLCP preamble and header to create the PPDU. 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, reserved bit,
and parity bit (with 6 “zero” tail bits appended) constitute a separate single OFDM symbol,‘denoted SIG-
NAL, which is transmitted with the most robust combination of BPSK modulation and-a-coding rate of
R = 1/2. The SERVICE field of the PLCP header and the PSDU (with 6 “zero” tail-bits and pad bits
appended), denoted as DATA, are transmitted at the data rate described in the RATE figld and may constitute
multiple OFDM symbols. The tail bits in the SIGNAL symbol enable decoding of ‘the RATE and LENGTH
fields immediately after the reception of the tail bits. The RATE and LENGTH-are-required for decoding the
DATA part of the packet. In addition, the CCA mechanism can be augmented,by predicting the duration of
the packet from the contents of the RATE and LENGTH fields, even if the'data rate is not supported by the
station. Each of these fields is described in detail in 17.3.3, 17.3.4, and, 17.3.5.

I PLCP Header I
-t -
RATE |Reserved| LENGTH | Parity | Taik\| SERVICE Tail :
4bits | 1bit | 12bits | 1bit | Gbils| 16 bits PSDU 6 bits | 24 Bits
IS - Coded/OFDM Coded/OFDM |
~ . (BPSK,r=1/2) | (RATE is indicated in SIGNAL) |
- > |
PLCP Preambl¢ SIGNAL DATA
12 Symbols One OFDM Symbol Variable Number of OFDM Symbols

Figure 107—PPDU frame format

17.3.2.1 Overview of the PPDU encoding process

The 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



https://iecnorm.com/api/?name=1aee9ed78b6515b61e26d90720a44916

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

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 SIGNAL field into an OFDM symbol follows the same steps for convolutional
encoding, interleaving, BPSK modulation, pilot insertion, Fourier transform, and prepending a GI as

d)

e)

g)

h)

)

R);

k)

)

1 -1 1 3 b 1 e At £l QAT ATt
UCSCTIOTU SUDSCUUCIIL Y 1O Udld UTAIISITISSIOIN aU U IVIDILS. - TTIC COIILCIILS "O1 UIC S TUINAL HTIU dIC TIOU

scrambled. Refer to 17.3.4 for details.

Calculate from RATE field of the TXVECTOR the number of data bits per OFDM symbol (Npgfd),
the coding rate (R), the number of bits in each OFDM subcarrier (Ngpgc), and the number of coded
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 resulting bit’string with
“zero” bits (at least 6 bits) so that the resulting length will be a multiple of Npgpg~The resulting bit
string constitutes the DATA part of the packet. Refer to 17.3.5.4 for details.

Initiate the scrambler with a pseudorandom non-zero seed, generate a scrambling sequence, and
XOR it with the extended string of data bits. Refer to 17.3.5.4 for details

Replace the six scrambled “zero” bits following the “data” withCsix’ nonscrambled “zero” bits.
(Those bits return the convolutional encoder to the “zero state” andare denoted as “tail bits.”) Refer
to 17.3.5.2 for details.

Encode the extended, scrambled data string with a convolutional encoder (R = 1/2). Omit (puncture)
some of the encoder output string (chosen according fo~‘puncturing pattern”) to reach the desired
“coding rate.” Refer to 17.3.5.5 for details.

Divide the encoded bit string into groups of NEgpg bits. Within each group, perform an “interleav-
ing” (reordering) of the bits according to a rule corresponding to the desired RATE. Refer to 17.3.5.6
for details.

Divide the resulting coded and interleaved data string into groups of Ncgpg bits. For each of the bit
groups, convert the bit group intesa‘eomplex number according to the modulation encoding tables.
Refer to 17.3.5.7 for details.

Divide the complex numberéstring into groups of 48 complex numbers. Each such group will be
associated with one OEDM symbol. In each group, the complex numbers will be numbered O to 47
and mapped hereafter into OFDM subcarriers numbered —26 to —22, —20 to -8, -6 to —1, 1 to 6,
8 to 20, and 22 to(26. The subcarriers —21, —7, 7, and 21 are skipped and, subsequently, used for
inserting pilot(subcarriers. The “0” subcarrier, associated with center frequency, is omitted and filled
with zero yalue. Refer to 17.3.5.9 for details.

Four subgarriers are inserted as pilots into positions —21, =7, 7, and 21. The total number of the sub-
carriers 1s 52 (48 + 4). Refer to 17.3.5.8 for details.

Fer each group of subcarriers —26 to 26, convert the subcarriers to time domain using inverse Fourier
transform. Prepend 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.

LDLA H

AY
TIT)

n)

A el O MNL laal £¢ +lo + e £¢ +la QIO L laal laa +la
YPPCIITUICTOT DIV S yIITOUTS - OTC—ar eI aiTOtCT S Tal T S artCT — UICT OTOTINZ Yo 5 yIITOOT GUSCITOTITE—thcT

RATE and LENGTH. Refer to 17.3.5.9 for details.

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 96 72
24 16-QAM 12 4 192 96
36 16-QAM 3/4 4 192 144
48 64-QAM 2/3 6 288 192
54 64-QAM 3/4 6 288 216

17.3.2.3 Timing related parameters

Table 79 is the list of timing parameters associated with’'the OFDM PLCP.

Table 79—Timing-related parameters

Parameter Value
Ngp: Number of data subcarriers 48
Ngp: Number of pilot subcagriers 4

Ng1: Number of subcartiers, total 52 (Ngp + Ngp)

Ag: Subcarrier frequency spacing 0.3125 MHz (=20 MHz/64)

Tggr: IFFT/FEF-period 3.2 us (1/Ap)

TPREAMBLE: PLCP preamble duration 16 us (TSHORT + TLONG)

TsfoNAL: Duration of the SIGNAL BPSK-OFDM symbol | 4.0 s (Tg; + Trrp)

T&1: GI duration 0.8 us (Trpr/4)

Tpo: Training symbol GI duration 1.6 us (Tgpr/2)

Tgym: Symbol interval 4 us (Tgr + Tgpp)

Tsport: Short training sequence duration 8 us (10 x Tggy /14)

TLong: Long training sequence duration 8 us (Tgpp + 2 x Tggp)

Copyright © 2000 |IEEE. All rights reserved. 9
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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:

rrpyo= Re{r{tyexp(j2nf )} @)
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.

"packer(t) = Tpreamsre(t) + Tsignar(t = tsignar) + Tparalt = 1paza) 2

The subframes of which Equation (2) are composed are described in 17.3.3, 17.3.4, and 17.3.5.9. The time
offsets tsygrrAME determine the starting time of the corresponding subframe; #gi47, is equal to 16 us, and
IpaTa 1s equal to 20 us.

All the subframes of the signal are constructed as an inverse Fourier tfansform of a set of coefficients, C;,
with C;, defined later as data, pilots, or training symbols in 17.3.3 throdgh 17.3.5.

Ngp/2

rsurrame(t) = Wrsygrrame(t) E Cy exp (j2nk&y)(t ~ T Gyarp) 3)
k=-Ng/2

The parameters Ap and Ngr are described in Table’79. The resulting waveform is periodic with a period of
Tgrr = 1/AR Shifting the time by Tgyarp createsithe “circular prefix” used in OFDM to avoid ISI from the
previous frame. Three kinds of Ti5;4pp are-defined: for the short training sequence (= 0 us), for the long
training sequence (= Tgp,), and for data OFDM symbols (= Tp). (Refer to Table 79.) The boundaries of the
subframe are set by a multiplication by, a time-windowing function, wyggrrame(t), Which is defined as a
rectangular pulse, wr(t), of duration, 7, accepting the value Ty prrame- The time-windowing function,
wr(t), depending on the value of the duration parameter, 7, may extend over more than one period, Tggr. In
particular, window functions that extend over multiple periods of the Fast Fourier Transform (FFT) are uti-
lized in the definition of the preamble. Figure 108 illustrates the possibility of extending the windowing
function over more than ene period, Tgpr, and additionally shows smoothed transitions by application of a
windowing function, asexemplified in Equation (4). In particular, window functions that extend over multi-
ple periods of the.EFT are utilized in the definition of the preamble.

2
. Crm
sin <5(0.5+I/T (—TTR/2<t<TTR/2)

TR)>
WT(t) - J1 (TTR/25t<T’TTR/2) (4)

2
1
sin <§(0.5—(I—T)/T (T—TTR/2st<T+TTR/2)

)

10 Copyright © 2000 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1aee9ed78b6515b61e26d90720a44916

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

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

jubL Ohnc way to d\./iliCVC lllUbC UbjCLliVCb. TIIC iulplt:lucuuu IIIdy usc UlilCl lllCLilUL‘lb [18) a\,hicvc LIIC SAITIC gUdl,
such as frequency domain filtering. Therefore, the transition shape and duration of the transition are infor-
mative parameters.

. I=TertTerr
TGuarp
: :TGI . TFFT :
\: ; V (a)
A A
P “«>
Trg Trg
5 T=Ton2Trrr R
Tcuarp :
o =Tap . T : T i
GR, ! FFT o FFT | | b)

\

D GE

P b
Trg Trg

Figure 108 —Illlustration of OFDM.frame with cyclic extension and windowing for (a) single
receptionor (b) two receptions of the FFT period

17.3.2.5 Discrete time implementation considerations
The following descriptions of the discrete time implementation are informational.
In a typical implementation, the windowing function will be represented in discrete time. As an example,

when a windowing function with parameters T = 4.0 us and a Ty = 100 ns is applied, and the signal is sam-
pled at 20@Msamples/s, it becomes

1 l=n<79
wy[n] = wp(nTg) = 10.5 0, 80 Q)
LO oz‘herwis.eJ

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.

Nul — 1 O 0

#1 —— 1 | O

#2  — I

126 ig IFFT ;g R

N ] - . .

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

#-26 — 38 38 |——

#2 — 62 62 ——

#1 — 63 63 ——

Figure 109—Inputs and outputs of IDFT

17.3.3 PLCP preamble (SYNC)

The PLCP preamble field is used for synchronization. It consists of\['0 short symbols and two long symbols
that are shown in Figure 110 and described in this subclause.

< 8+8=16us N
« 10x 0.8 =8 us >|< 2% 0.8+2x3.2=280s yl L3 132=40 us_|<0.8+3-2=4.0 us=|<0-8+3-2=4.0 us
T T 11T T T ] \ T T T
t thty ty tstety tg totjd GI2 1 Ty o Ty \GI| SIGNAL | GI| Datal | GI| Data?2
| | | L1 | | | | | | 4
Sienal D <+—r < rPet—> <
1gnal Detect, Coarse Freq.  Chantel and Fine Frequency ~ RATE SERVICE + DATA  DATA
AGC, Diversity Offset Estimation Offset Estimation LENGTH
Selection Timing Synchronize

Figure 110—OFDM training structure

Figure 110 shows the OFDM training structure (PLCP preamble), where t; to t;y denote short training sym-
bols and T and Ts.denote long training symbols. The PLCP preamble is followed by the SIGNAL field and
DATA. The total training length is 16 us. The dashed boundaries in the figure denote repetitions due to the
periodicity of the inverse Fourier transform.

A shor. OFDM training symbol consists of 12 subcarriers, which are modulated by the elements of the
sequerice S, given by

S*26, 26: ‘/(13/6) X {07 0’ 1+J! 09 0’ 0! 717_]3 09 0’ 03 1+.]9 0’ 09 09 717_]‘9 Oa Oa 07 717_]" 03 09 Oa 1+_]a Oa 07 Oa Oa

03 O) 05 717_]” 03 09 Oa 717_]a 09 07 Oa 1+_]s 09 Oa 03 1+_]9 05 03 O) 1+_]a 03 09 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
rsnorr(t) = Wrsporr(t) Y Syexp(j2mkApt) (7

k=-Ng/2

The fact that only spectral lines of S_,¢.0¢ With indices that are a multiple of 4 have nonzero amplitude

TESULS T Perfodicity of Trprd =08 s The Imtervat Tsgogy 1S cquat to eI 08 s Perfods (e, 8 1S)-
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¢smodu-
lated by the elements of the sequence L, given by

Loag 6= {1, =L, =1, 1, =1, 1,=1, 1, 1, 1, 1,1, 1,=1,=1, 1, 1,=1, 1,1, 1, 1, 1, 1,0,
la_la_ln 19 17_19 19_13 19_15_19_15_19_15 19 19_13_19 15_19 17_19 19 15 19 1} (8)

A long OFDM training symbol shall be generated according to the following equation:

Ngp/2
rLone(t) = Wrrone(1) E Lyiexp(j2nkAp(1 =T g13)) )
k=-Ng/2
where
TG 12= 1.6 us.

Two periods of the long sequence are transmitted for improved channel estimation accuracy, yielding
TLONG= 1.6+2x32=8 us.

An illustration of the long training sequence’ generation is given in Annex G (G.3.2, Table G.5).

The sections of short repetitions andlong repetitions shall be concatenated to form the preamble

rprEAMBLE(T) = Tsuort(®) * Tronc(t = Tspyorr) (10)
17.3.4 Signal field (SIGNAL)

The OFDM training symbols shall be followed by the SIGNAL field, which contains the RATE and the
LENGTH fi¢ldsof the TXVECTOR. The RATE field conveys information about the type of modulation and
the codingrate as used in the rest of the packet. The encoding of the SIGNAL single OFDM symbol shall be
perforimed with BPSK modulation of the subcarriers and using convolutional coding at R = 1/2. The encod-
ing ‘procedure, which includes convolutional encoding, interleaving, modulation mapping processes, pilot
insertion, 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 the RATE. Bit 4 shall be reserved for future use. Bits 5-16 shall encode the LENGTH field of the
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 <0 «0” <0 «0”
0 |l |l |5 415 |6 |7 |8 |9 |lU|ll|lZ|lj|l4|15|16 17 l8|l9|20|21|22|25

Transmit Order
|

Figure 111—SIGNAL field bit assignment

The process of generating the SIGNAL OFDM symbol is illustrated in Annex G (G.4).
17.3.4.1 Data rate (RATE)

The bits R1-R4 shall be set, dependent on RATE, according to the values in Table 80.

Table 80— Contents of the SIGNAL! field

Rate (Mbits/s) R1-R4
6 1101
9 1111
12 0101
18 0111
24 1001
36 1011
48 0001
54 0011

17.3.4.2 PLCP.length field (LENGTH)

The PLCP length field shall be an unsigned 12-bit integer that indicates the number of octets in the PSDU
that the MAC is currently requesting the PHY to transmit. This value is used by the PHY to determine the
number, of octet transfers 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

L‘leblibCL‘l ill 1173‘).)
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)

TIIC IEEE 80“.11 SER‘V’ICE ﬁCld ilab 1U bilb, Wilibil hlld‘ll iJC L‘lCllUlCL‘l adS bilb 0_11.). TIIC biL G b‘lldll bC udirn-
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 R: Reserved
“0" “0" “0" “0" 0" “0"“0" R R R R R R R R R

0|1 |2 |3 |4 |5 |6 7 |8|9|10|11|12|13|14|15

Transmit Order

-

Figure 112—SERVICE field bit assighment

17.3.5.2 PPDU tail bit field (TAIL)

The PPDU tail bit field shall be six bits of “0,” which afe'required to return the convolutional encoder to the
“zero state.” This procedure improves the error prebability of the convolutional decoder, which relies on
future bits when decoding and which may be not-be‘available past the end of the message. The PLCP tail bit
field shall be produced by replacing six scrambled*“zero” bits following the message end with six nonscram-
bled “zero” bits.

17.3.5.4 Pad bits (PAD)

The number of bits in the DATA fi¢ld shall be a multiple of Ngps, the number of coded bits in an OFDM
symbol (48, 96, 192, or 288 bits). To achieve that, the length of the message is extended so that it becomes a
multiple of Npgpg, the number of data bits per OFDM symbol. At least 6 bits are appended to the message,
in order to accommodadte,the TAIL bits, as described in 17.3.5.2. The number of OFDM symbols, Ngyy; the
number of bits in the DATA field, Npata; and the number of pad bits, Npap, are computed from the length
of the PSDU (LENGTH) as follows:

Ngyy =Ceiling (16 + 8 x LENGTH + 6)/Npgps) (1)
Nbara = Ngym % Npgps (12)
Npap = Npaa — (16 + 8 x LENGTH + 6) (13)

The Tunction ceiling (.) 1S a function that returns the smallest integer value greater than or equal to 1ts 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 +x +1 (14)

The 127-bit sequence generated repeatedly by the scrambler shall be (leftmost used first), 00001110
11110010 11001001 00000010 00100110 00101110 10110110 00001100 11010100 11100111 101101600
00101010 11111010 01010001 10111000 1111111, when the “all ones” initial state is used. Theysame
scrambler is used to scramble transmit data and to descramble receive data. When transmitting;(the initial
state of the scrambler will be set to a pseudo random non-zero state. The seven LSBs of the SERVICE field
will be set to all zeros prior to scrambling to enable estimation of the initial state of(the’ scrambler in
the receiver.

Data In

X7 x6 x5 x4 x3 %2 X

Descrambled
Data Out

Figute 113—Data scrambler
An example of the scrambler output is-illustrated in Annex G (G.5.2).
17.3.5.5 Convolutional encoder

The DATA field, compoesed’ of SERVICE, PSDU, tail, and pad parts, shall be coded with a convolutional
encoder of coding rate\R)= 1/2, 2/3, or 3/4, corresponding to the desired data rate. The convolutional encoder
shall use the industry-standard generator polynomials, gy = 133g and g; = 171g, of rate R = 1/2, as shown in
Figure 114. The-bit denoted as “A” shall be output from the encoder before the bit denoted as “B.” Higher
rates are derived from it by employing “puncturing.” Puncturing is a procedure for omitting some of the
encoded bits-in the transmitter (thus reducing the number of transmitted bits and increasing the coding rate)
and inSerting a dummy “zero” metric into the convolutional decoder on the receive side in place of the omit-
ted (bits. The puncturing patterns are illustrated in Figure 115. Decoding by the Viterbi algorithm is
recommended.

An anmplP of Pn(‘nding nppmﬁnn is shown in Annex G (G 6.1)

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

h-T.h—I-T.b—LTh |

. Output Data\B

Figure 114—Convolutional encoder (k = 7)

Input Data Ty,

17.3.5.6 Data interleaving
All encoded data bits shall be interleaved by a block interleaver with a block size corresponding to the num-
ber of bits in a single OFDM symbol, N-gps. The interleaver is definéd’by a two-step permutation. The first
permutation ensures that adjacent coded bits are mapped onto nénadjacent subcarriers. The second ensures
that adjacent coded bits are mapped alternately onto less and\noere significant bits of the constellation and,
thereby, long runs of low reliability (LSB) bits are avoided,
We shall denote by k the index of the coded bit beforgithe first permutation; i shall be the index after the first
and before the second permutation, and j shall be:thé index after the second permutation, just prior to modu-
lation mapping.
The first permutation is defined by the rule

i =(Ncgps/16) (k mod 16) + floor(%/16) k=0,1,....Ncgps— 1 (15)
The function floor (.) denotes the largest integer not exceeding the parameter.
The second permutatign {s defined by the rule

Jj =s x floor(i/s)f*(i + Ncgpg — floor(16 x i/Negpg)) mods  i=0,1,... Negpg— 1 (16)
The value,of's4s determined by the number of coded bits per subcarrier, Ngpgc, according to

S~ maX(NBpsc/z,l) (17)

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

Copyright © 2000 IEEE. All rights reserved. 17
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Punctured Coding (r = 3/4)

Source Data Xo Xl X2 X3 X4 X5 X6 X7 Xg

Stolen Bit

N\

Encoded Data 4 4 4
Bo/%Bz Bs By Bs B6%

Bit Stolen Data
(sent/received data)

N
Bit Inserted Data Ao | A &\ As

J N
N \ Ao | A7 & @ Inserted Dummy Bit

Decoded Data

Yo [ Y1 [ Y2 Y3 |Ya|Ys|Ye] Y7 | Vs

Punctured Coding (r = 2/3)

Source Data Xo | Xi| X

b3,

X3
ded = %
Encoded Data V4 7 Stolen Bit
W e e 0

Bit Sfolen Data
(sént/received data)

. A A A, Azl A A
Bit Inserted Data ° - \1 2 —~ \3 4 - \i &\ Inserted Dummy Bit
B B J B =
ENNEEINNEZIN
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.
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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,... Ncgps— 1 (19)
This permutation is the inverse of the permutation described in Equation (15).
An example of interleaving operation is illustrated in Annex G (G.6.2).
17.3.5.7 Subcarrier modulation mapping

The OFDM subcarriers shall be modulated by using BPSK, QPSK, 16-QAM, or 64-QAM modulation,
depending on the RATE requested. The encoded and interleaved binary serial input data shall be divided into
groups of Ngpgc (1, 2, 4, or 6) bits and converted {nto complex numbers representing BPSK, QPSK,
16-QAM, or 64-QAM constellation points. The cofersion shall be performed according to Gray-coded
constellation mappings, illustrated in Figure 116, with the input bit, by, being the earliest in the stream. The
output values, d, are formed by multiplying thesesulting (I+jQ) value by a normalization factor Ky;op, as
described in Equation (20).

d=(1+jQ) x Kyiop (20)

The normalization factor, Ky op. deépends on the base modulation mode, as prescribed in Table 81. Note that
the modulation type can be different from the start to the end of the transmission, as the signal changes from
SIGNAL to DATA, as shown in Figure 107. The purpose of the normalization factor is to achieve the same
average power for all Mmappings. In practical implementations, an approximate value of the normalization
factor can be used, as long as the device conforms with the modulation accuracy requirements described
in 17.3.9.6.

Table 81 —Modulation-dependent normalization factor Ky;,op

Modulation Kyvop
BPSK 1
QPSK 12

16-QAM IV10
64-QAM 1IN42

Copyright © 2000 IEEE. All rights reserved. 19
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Figure 116 —BPSK, QPSK, 16-QAM, and 64-QAM constellation bit encoding
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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

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

0 -1 0 -1

1 1 1 1

Table 84—16-QAM encoding table

Input bits (by by) | I-out Input bits (b, b3) | Q-out
00 -3 00 -3
01 <1 01 -1
11 1 11 1
10 3 10 3

Table 85—64-QAM encoding table

Input bits (by by by) | I-out Input bits (b3 by bs) | Q-out
000 =7 000 -7
001 -5 001 -5
011 -3 011 -3
010 -1 010 -1
110 1 110 1
++ 3 +H 3
101 5 101 5
100 7 100 7

Copyright © 2000 IEEE. All rights reserved. 21
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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 denotg thiS
by writing the complex number dy ,, which corresponds to subcarrier k of OFDM symbol n, as follows:

dk,nEdk+NSDXn’ k:0, ...NSD*I,HZO, "'NSYMil (2])
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((jan(k)AF(t_TGl)) (22)
k=0
NST/2
+D, 41 E P exp(j2rkA (/=T 1))
k= —NST/Z

where the function, M(k), defines a mapping ftom the logical subcarrier number O to 47 into frequency offset
index -26 to 26, while skipping the pilot sub@arrier locations and the 0" (dc) subcarrier.

k-26 0<k=<4
k—-25 5<k=d4
k—24 18 k=23 23)
k—-23 24 =<k=<29
k-2230<k=<42
k=21 43 <k <47

M(k) =

The conttibution of the pilot subcarriers for the n" OFDM symbol is produced by Fourier transform of
sequence P, given by

Py 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

Po 6= {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,
LI1d, 1ol 1010, 1ol edl, -1 1-11, 1- 1, LL LLLL -1, 1,1,1,
AL, LT, L0, 1m0, SL L, 111, 111, 11100,
A1, LA, 1101, LAY, =110, -1, ~1m1-1,1, -1-1-1) (25)

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 ¢le=
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 subcarrier)-is\not used.

dy dg P ds di7P7 djg d3DC dyy  dyg P7 dsg dgy Py1dy;  dyy
i : l i
1 | 1 1
| | | |
| | I |
| | | | |
—26 21 =7 0 7 21 26
Subcarrier Nunibers

Figure 117 —Subcarrier)frequency allocation

The concatenation of Ngyy OFDM symbols cariyhow be written as

Ngymy—1
Ppara(t) = rpaza,at=nFsyy) (26)
n=0

An example of mapping inte symbols is shown in Annex G (G.6.3), as well as the scrambling of the pilot
signals (G.7). The final eutput of these operations is also shown in Annex G (G.8).

17.3.6 Clear channel assessment (CCA)

PLCP shall provide the capability to perform CCA and report the result to the MAC. The CCA mechanism
shall detett a “medium busy” condition with a performance specified in 17.3.10.5. This medium status
reportds.indicated by the primitive PHY_CCA.indicate.

17.3.7 PLCP data modulation and modulation rate change

The PLCP preamble shall be transmitted using an OFDM modulated fixed waveform. The TEEE 802.11

SIGNAL field, BPSK-OFDM modulated at 6 Mbit/s, shall indicate the modulation and coding rate that shall
be used to transmit the MPDU. The transmitter (receiver) shall initiate the modulation (demodulation) con-
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.

Copyright © 2000 IEEE. All rights reserved. 23
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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” Aqbs\};mgol > Q
Coder | ”|Mapping > —\pAddition\p{ shaping || Mod.

5 HPA

AGC Amp

. 1Q F——\—»Remove

Det. Gl
LNA v I

Rx Lev. Det. AEC
Clock Recovery

) Demapping+ FEC
Deinterleaving Decoder

A 4

FFT

s
g

Figure 118 —Transmitter and receiver block diagram for the OFDM PHY

Table 86 —Major parameters of the OFDM PHY

6,9, 12,18, 24, 36, 48 and 54
. Mbit/s
Information data rate (6, 12 and 24 Mbit/s are
mandatory)
Modulation 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.

chulat\ny quuilClllClllb lildl L‘lU ot affcpt illlClUPCI d,‘l.)ilily dICT 1100 dddlCDbCL‘l ill Lilib bldllddld. IlllplclllcllLUlb
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,€hange or
revision at any time.

Table 87— Regulatory requirement list

Geographic area Approval standards Documents Approval authority
United States Federal Communications | CFR47, Part 15, FCC
Commission (FCC) sections 15.205 ,and
15.209; and

Subpart E.ssections
15.401-45407

17.3.8.3 Operating channel frequencies
17.3.8.3.1 Operating frequency range

The OFDM PHY shall operate in the 5 GHz.band, as allocated by a regulatory body in its operational region.
Spectrum allocation in the 5 GHz band, is*subject to authorities responsible for geographic-specific regula-
tory domains (e.g., global, regional, @id national). The particular channelization to be used for this standard
is dependent on such allocation;~as well as the associated regulations for use of the allocations. These
regulations are subject to revision, or may be superseded. In the United States, the FCC is the agency respon-
sible for the allocation of the-5 GHz U-NII bands.

In some regulatory domains, several frequency bands may be available for OFDM PHY-based wireless
LANSs. These bands.may be contiguous or not, and different regulatory limits may be applicable. A compli-
ant OFDM PHY shall support at least one frequency band in at least one regulatory domain. The support of
specific regulatory domains, and bands within the domains, shall be indicated by PLME attributes
dotl1 RegDomainsSupported and dot11 FrequencyBandsSupported.

17.3.8.3.2 Channel numbering

Channel center frequencies are defined at every integral multiple of 5 MHz above 5 GHz. The relationship

oot £ £, 1 olo 1 1o M M 1o tlafall - 4
OCTW LI COTTCT T OO y—a O CITa e T IO IO T TS ST vOIT O y - tiCTOTTO W TS T U atiorT.

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 5180
(5.15-5.25) 40 5200
44 5220
48 5240
United States U-NII middle band 52 5260
(5.25-5.35) 56 5280
60 5300
64 5320
United States U-NII upper band 149 5745
(5.725-5.825) 153 5765
157 5785
161 5805

Figure 119 shows the channelization scheme for thisstandard, which shall be used with the FCC U-NII fre-
quency allocation. The lower and middle U-NII subsbands accommodate eight channels in a total bandwidth
of 200 MHz. The upper U-NII band accommodates four channels in a 100 MHz bandwidth. The centers of
the outermost channels shall be at a distance™of 30 MHz from the band's edges for the lower and middle
U-NII bands, and 20 MHz for the upper U-NII band.

The OFDM PHY shall operate in the5;GHz band, as allocated by a regulatory body in its operational region.

The center frequency is indicated in Figure 119; however, no subcarrier is allocated on the center frequency
as described in Figure 117,

In a multiple cell netwerk topology, overlapping and/or adjacent cells using different channels can operate
simultaneously.

17.3.8.4 Transmit and receive in-band and out-of-band spurious emissions

The OFDM PHY shall conform to in-band and out-of-band spurious emissions as set by regulatory bodies.
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.
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Figure 119—OFDM PHY frequency channelplan for the United States

17.3.8.6 Slot time

The slot time for the OFDM PHY shall be 9,us, which is the sum of the RX-to-TX turnaround time, MAC
processing delay, and CCA detect time (<'4*us). The propagation delay shall be regarded as being included
in the CCA detect time.

17.3.8.7 Transmit and receive antenna port impedance

The transmit and receive.antenna port(s) impedance shall be 50 € if the port is exposed.

17.3.8.8 Transmit and receive operating temperature range

Three temperature ranges for full operation compliance to the OFDM PHY are specified in Clause 13 of
IEEE Std(802711, 1999 Edition. Type 1, defined as 0 °C to 40 °C, is designated for office environments.
Type 2sdefined as —20 °C to 50 °C, and Type 3, defined as —30 °C to 70 °C, are designated for industrial

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 PLCP, 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 spectral density/of the signal)
bandwidth not exceeding 18 MHz, —20 dBr at 11 MHz frequency offset, —28 dBr at 20 MHz frequency offset
and —40 dBr at 30 MHz frequency offset and above. The transmitted spectral density of the transmitted sig-
nal shall fall within the spectral mask, as shown in Figure 120. The measurements shall be made using a
100 kHz resolution bandwidth and a 30 kHz video bandwidth.

17.3.9.3 Transmission spurious

Spurious transmissions from compliant devices shall conform to nationdl regulations.

17.3.9.4 Transmit center frequency tolerance

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

17.3.9.5 Symbol clock frequency tolerance

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

17.3.9.6 Modulation accuracy

Transmit modulation accuracy specifications are described in this subclause. The test method is described
in 17.3.9.7.

17.3.9.6.1 Transmitter center frequency leakage

Certain transmitter implementations may cause leakage of the center frequency component. Such leakage
(which-manifests itself in a receiver as energy in the center frequency component) shall not exceed -15 dB
relativesto overall transmitted power or, equivalently, +2 dB relative to the average energy of the rest of the

subeafriers. 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.
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Figure 120—Transmit spectrum mask

17.3.9.6.3 Transmitter constellation error

The relative constellation RMS error, averaged over subcarriers; OFDM frames, and packets, shall not
exceed a data-rate dependent value according to Table 90.

Table 90— Allowed relative constellation error versus data rate

Data rate (Mbits/s) Relatz‘iggr(lfllﬁl)lation

6 -5

9 -8

12 -10

18 -13
24 -16
36 -19
48 -22
54 -25

17.3.9.7 Transmit modulation accuracy test

The transmit modulation accuracy test shall be performed by instrumentation capable of converting 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
(with one sample resolution) shall be established.

¢)  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 compute the-Buclidean dis-
tance from it.

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

Lp 52

v, | DS AU k) =T )Y + QU J k)~ @5tk j k)’}

j=1lk=1
igl S52Lp,x P,
Errorgys = N (28)
f

where

Lp is the length of the packet;
Nfis the number of frames for the measurement;

(I(i,j.k), Qyfi.j k) denotes the ideal symbol point of the i frame, j" OFDM symbol of the

frame, k™ subcarrier of the'OFDM symbol in the complex plane;
(I(i,j,k), O(i,j,k)) denotes the observed point of the i frame, j® OFDM symbol of the frame,

k' subcarrier of the OFDM symbol in the complex plane (see Figure 121);
P, is the average«power of the constellation.

The vector error on a phase plane is shown in Figure 121.

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

17.3.10°PMD receiver specifications

Subctauses 17.3.10.1 through 17.3.10.5 describe the receive specifications associated with the PMD
sublayer.
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Figure 121 —Constellation error

17.3.10.1 Receiver minimum input level sensitivity
The packet error rate (PER) shall be less than 10% at a PSDUNength of 1000 bytes for rate-dependent input

levels shall be the numbers listed in Table 91 or less. The muinimum input levels are measured at the antenna
connector (NF of 10 dB and 5 dB implementation margins are assumed).

Table 91 —Receiver.performance requirements

Do rate iy | MmN | Adeet | et adfcent

6 -82 16 32

9 -81 15 31
12 =79 13 29
18 =77 11 27
24 -74 8 24
36 -70 4 20
48 -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%

havahnt dhd

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 bytes, for asmaximum input
level of —30 dBm measured at the antenna for any baseband modulation.

17.3.10.5 CCA sensitivity

The start of a valid OFDM transmission at a receive level equal to or greater than the minimum 6 Mbit/s sen-
sitivity (-82 dBm) shall cause CCA to indicate busy with a probability >90% within 4 us. If the preamble
portion was missed, the receiver shall hold the carrier sense (CS) signal\busy for any signal 20 dB above the
minimum 6 Mbit/s sensitivity (-62 dBm).

17.3.11 PLCP transmit procedure

The PLCP transmit procedure is shown in Figure 122./In order to transmit data, PHY-TXSTART.request
shall be enabled so that the PHY entity shall be in the\transmit state. Further, the PHY shall be set to operate
at the appropriate frequency through station management via the PLME. Other transmit parameters, such as
DATARATE and TX power, are set via the RHY-SAP with the PHY-TXSTART.request(TXVECTOR), as
described in 17.2.2.

A clear channel shall be indicated by PHY-CCA.indicate (IDLE). The MAC considers this indication before
issuing the PHY-TXSTART.request.Transmission of the PPDU shall be initiated after receiving the PHY-
TXSTART.request (TXVECTOR) primitive. The TXVECTOR elements for the PHY-TXSTART.request are
the PLCP header parameters DATARATE, SERVICE, and LENGTH, and the PMD parameter
TXPWR_LEVEL.

The PLCP shall igsuie PMD_TXPWRLVL and PMD_RATE primitives to configure the PHY. The PLCP
shall then issue.a PMD_TXSTART.request, and transmission of the PLCP preamble and PLCP header, based
on the parameters passed in the PHY-TXSTART.request primitive. Once PLCP preamble transmission is
started, the PHY entity shall immediately initiate data scrambling and data encoding. The scrambled and
encoded “data shall then be exchanged between the MAC and the PHY through a series of PHY-
DATAyrequest (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 transmission through a series of data octet transfers from the MAC. The
PLCP header parameter, SERVICE, and PSDU are encoded by the convolutional encoder with the
bit-stealing function described in 17.3.5.5. At the PMD layer, the data octets are sent in bit 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.
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Figure 122—PLCP transmit procedure

The packet transmission shall be completed and the PHY entity shall enter the receive state (i.e., PHY-
TXSTART shall.be.disabled). Each PHY-TXEND.request is acknowledged with a PHY-TXEND.confirm
primitive from(the' PHY. If the coded PSDU (CPSDU) is not multiples of the OFDM symbol, bits shall be
stuffed to maké the CPSDU length multiples of the OFDM symbol.

In the’PMD, the GI 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

1 ra) . o . 1 el - 1
(I dlItd CONITTIIAatIONS . COLIITIIT) dIT IS SUCU OIILT WIUT UTSISITAlCU SAlCs.

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 PLCP
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 shall bé
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 fails;(the PHY
receiver shall return to the RX IDLE state, as depicted in Figure 124. Should the status of CCA ‘return to the
IDLE state during reception prior to completion of the full PLCP processing, the PHY receiver shall return
to the RX IDLE state.

If the PLCP header reception is successful (and the SIGNAL field is completely, recognizable and sup-
ported), a PHY-RXSTART.indicate(RXVECTOR) shall be issued. The RXVECTOR associated with this
primitive includes the SIGNAL field, the SERVICE field, the PSDU length dn\bytes, and the RSSI. Also, in
this case, the OFDM PHY will ensure that the CCA shall indicate a busy medium for the intended duration
of the transmitted frame, as indicated by the LENGTH field.

The received PSDU bits are assembled into octets, decoded, and presented to the MAC using a series of
PHY-DATA .indicate(DATA) primitive exchanges. The rate change indicated in the IEEE 802.11 SIGNAL
field shall be initiated from the SERVICE field data of the-PLCP header, as described in 17.3.2. The PHY
shall proceed with PSDU reception. After the reception.of the final bit of the last PSDU octet indicated by
the PLCP preamble LENGTH field, the receiver shalhbe returned to the RX IDLE state, as shown in Figure
124. A PHY-RXEND.indicate (NoError) primitive shall be issued.

In the event that a change in the RSSI causes the status of the CCA to return to the IDLE state before the
complete reception of the PSDU, as indicated by the PLCP LENGTH field, the error condition PHY-
RXEND.indicate(CarrierLost) shall be-reported to the MAC. The OFDM PHY will ensure that the CCA
indicates a busy medium for the intended duration of the transmitted packet.

If the indicated rate in the SIGNAL field is not receivable, a PHY-RXSTART.indicate will not be issued. The
PHY shall issue the error ¢ondition PHY-RXEND.indicate(UnsupportedRate). If the PLCP header is receiv-
able, but the parity chéckyof the PLCP header is not valid, a PHY-RXSTART.indicate will not be issued. The
PHY shall issue the érror condition PHY-RXEND.indicate(FormatViolation).

Any data regeived after the indicated data length are considered pad bits (to fill out an OFDM symbol) and
should bediscarded.

A typical state machine 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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Figure 123—PLCP transmit state machine
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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.

R IDLIL Qi
CS/CCA
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Figure 125—PLCP receive state machine

17.4.3 .OFDM-TXTIME calculation

The valuetef.the TXTIME parameter returned by the PLME-TXTIME.confirm primitive shall be calculated
according-to the following equation:

TXTIME = Tpreampre T Tsignar T Tsym % Ceiling((16 + 8 x LENGTH + 6)/Npgps) (29)
where
Npgps is derived from the DATARATE parameter. (Ceiling is a function that returns the smallest inte-
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
dottt-Current reg doraim Tmptememtatiomrdepemndent Static
dot11 Current frequency band Implementation dependent Dynamic
dotl1 Temp type Implementation dependent Static

dotl1l PHY Antenna Table

dot11 Current Tx antenna Implementation dependent Dynamic
dot11 Diversity support Implementation dependent Static
dotl1 Current Rx antenna Implementation dependent Dynamic
dot11 PHY Tx Power Table
dotl1 Number supported power levels | Implementation dependent Static
dotl1 Tx power level 1 Implementation dependent Static
dot11 Tx power level 2 Implementation dependent Static
dotl1 Tx power level 3 Implementation dependent Static
dotl1 Tx power level 4 Implementation dependent Static
dotl1 Tx power level 5 Implementation’dependent Static
dot11 Tx power level 6 Implementation dependent Static
dot11 Tx power level 7 Implementation dependent Static
dot11 Tx power level 8 Implementation dependent Static
dotl1 current Tx Power Level Implementation dependent Dynamic

dot11 Reg Domains Supported Table

dotl1 Reg domains supperted Implementation dependent Static

dot11 Frequency bands-supported Implementation dependent Static

dotll PHY Antennas List Table

dot 11 Supported Tx antenna Implementation dependent Static
dot11 Supported Rx antenna Implementation dependent Static
dot IT"Diversity selection Rx Implementation dependent Dynamic
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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
dot11 Current frequency Implementation dependent Dynamic
dot11 TI threshold Implementation dependent Dynamic
A simplified equation may be used.
TXTIME = Tpreampre T Tsignar T (16 + 8 x LENGTH + 6)/DATARATE + Tgywm/2 30)

Equation (30) does not include the effect of rounding t¢ the next OFDM symbol and may be in error
by + 2 us.

17.4.4 OFDM PHY characteristics

The static OFDM PHY characteristics, provided through the PLME-CHARACTERISTICS service primi-
tive, are shown in Table 93. The definitions-for these characteristics are given in 10.4.

17.5 OFDM PMD sublayer

17.5.1 Scope and field of application

This subclause describes the PMD services provided to the PLCP for the OFDM PHY. Also defined in this
subclause are the-functional, electrical, and RF characteristics required for interoperability of implementa-
tions conforming to this specification. The relationship of this specification to the entire OFDM PHY is
shown in Figure 126.

17.5:20verview 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, tming 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
aSIFSTime 16 us
aCCATime <4 us
aRxTxTurnaroundTime <2us
aTxPLCPDelay Implementation dependent
aRxPLCPDelay Implementation dependent
aRxTxSwitchTime <<1pus
aTxRampOnTime Implementation dependent
aTxRampOftfTime Implementation dependent
aTxRFDelay Implementation dependent
aRxRFDelay Implementation dependent,
aAirPropagationTime <<1pus
aMACProcessingDelay <2 us
aPreambleLength 20 us
aPLCPHeaderLength 4 ps
aMPDUMaxLength 4095
aCWmin 15
aCWmax 1023

17.5.3 Overview of interactions

The primitives associated with the IEEE 802.11 PLCP sublayer to the OFDM PMD fall into two basic
categories

a)  Service primitives that support PLCP peer-to-peer interactions;
b)  Service primitives.that have local significance and support sublayer-to-sublayer interactions.

17.5.4 Basic service and options

All of the sepvice primitives described in this subclause are considered mandatory, unless otherwise
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 model

Table 94—PMD_SAP peer-to-peer service primitives

Primitive Request Indicate Confirm Response

PMD_DATA X X — —

17.5.4.2 PMD_SAP sublayer-to-sublayer service primitives

Table 95 indicates the primitives for sublayer-to-sublayer interactions.

Table 95—PMD* SAP sublayer-to-sublayer service primitives

Primitive Request Indicate Confirm Response
PMD_TXSTART X — — —
PMD_TXEND X — — —
PMD_TXPWRLVL X — — —
PMD_RATE 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 64-QAM)

RSSI PMD_RSSlindicate 0-8 bits of RSSI

17.5.5.1 PMD_DATA.request

17.5.5.1.1 Function

This primitive defines the transfer of data from the PLCP sublayer to¢he PMD entity.

17.5.5.1.2 Semantic of the service primitive

This primitive shall provide the following parameters:

PMD_DATA request(TXD_UNIT)

The TXD_UNIT parameter shall be the n-bit cembination of “0” and “1” for one symbol of OFDM modula-
tion. If the length of a coded MPDU (C-MPDU) is shorter than n bits, “0” bits are added to form an OFDM
symbol. This parameter represents a single block of data which, in turn, shall be used by the PHY to be
encoded into an OFDM transmitted symbol.

17.5.5.1.3 When generated

This primitive shall be generated by the PLCP sublayer to request transmission of one OFDM symbol. The
data clock for this primitive shall be supplied by the PMD layer based on the OFDM symbol clock.

17.5.5.1.4 Effect of receipt
The PMD ‘performs transmission of the data.
17.5.5.2 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

dllCI UIC ucuuuulg Ol UIC CO1IIVOIUtliolldl COUC U_y UIC rivip cuut_y.
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 PLCP conyergence procedure, or
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, generated by the PHY PLCP sublayer, initiates PRDU transmission by the PMD layer.
17.5.5.3.2 Semantic of the service primitive

This primitive shall provide the following parameters:

PMD_TXSTART.request

17.5.5.3.3 When generated

This primitive shall be generated by.fHe PLCP sublayer to initiate the PMD layer transmission of the PPDU.
The PHY-TXSTART.request primitive shall be provided to the PLCP sublayer prior to issuing the
PMD_TXSTART command.

17.5.5.3.4 Effect of receipt

PMD_TXSTART initiates transmission of a PPDU by the PMD sublayer.

17.5.5.4 PMD_TXEND.request

17.5.5.4.1 Function

This 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

PIVID_TXEI‘ID LCllllilldLCb u allbluibbiull Uf d PPDU by LilC PIVID bubla_ym.
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 used by \the-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 levels should beused for the current packet transmis-
sion. The number of available power levels shall be determined.by the MIB parameter aNumberSupported-
PowerLevels. Subclause 17.3.9.1 provides further information“on the OFDM PHY power level control
capabilities.

17.5.5.5.3 When generated

This primitive shall be generated by the PLCP. sublayer to select a specific transmit power. This primitive
shall be applied prior to setting PMD_TXSTART into the transmit state.

17.5.5.5.4 Effect of receipt

PMD_TXPWRLVL immediately, sets the transmit power level to that given by TXPWR_LEVEL.
17.5.5.6 PMD_RATE.request

17.5.5.6.1 Function

This primitiye,-generated by the PHY PLCP sublayer, selects the modulation rate that shall be used by the
OFDM PHY: for transmission.

17.5.5.6.2 Semantic of the service primitive

This 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

TilC ICbCipl Uf PIVID_RATE bCiCle LilC Idlc l‘llal blldl‘l bC UDCL‘I fUl dFl bubbcqucul IVIPDU uallblllibbiUllb. Tllib
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 strength to, they PLCP and MAC
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 energy received by the. OFDM PHY. RSSI indications of up to eight
bits (256 levels) are supported.

17.5.5.7.3 When generated

This primitive shall be generated by the PMD¢when the OFDM PHY is in the receive state. It shall be avail-
able continuously to the PLCP which, in turm,shall provide the parameter to the MAC entity.

17.5.5.7.4 Effect of receipt

This parameter shall be provided, to the PLCP layer for information only. The RSSI may be used as part of a
CCA scheme.
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Annex A

(normative)

Protocol Implementation Conformance Statement
(PICS) proforma

A.4.3 IUT configuration

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

Item IUT configuration References Status Support

* CF1 Access point 5.2 0.1 Yes A No

* CF2 Independent station (not an AP) 5.2 0.1 Yes [ No

* CF3 Frequency-hopping spread spectrum — 0.2 Yes dNo
(FHSS) PHY for the 2.4 GHz band

* CF4 Direct sequence spread spectrum — 0.2 Yes dNod
(DSSS) PHY for the 2.4 GHz band

* CF5 Infrared PHY - 0.2 Yes L No

* CF6 OFDM PHY for the 5 GHz band — 0.2 Yes A No

Insert a new subclause A.4.8 for the optional parameters:

A.4.8 Orthogonal frequency division multiplex PHY functions

Item Feature References Status Support
OF1: OFDM PHY Specific Service Parameters
OF1.1 TXVECTOR parameter: LENGTH 17.2.2.1 M Yes dNo
OF1.2 FXVECTOR parameter: DATARATE 17.2.2.2 M Yes dNod
OFl1.2.1 DATARATE = 6.0 Mbit/s 17.2.2.2 M Yes A No
*OFR2\2 DATARATE = 9.0 Mbit/s 17.2.2.2 o Yes A No
OFI:2.3 DATARATE = 12.0 Mbit/s 17.2.2.2 M Yes A No
*QF1.2.4 DATARATE = 18.0 Mbit/s 17.2.2.2 (¢} Yes dNo
OF1.2.5 DATARATE = 24.0 Mbit/s 17.2.2.2 M Yes dNo
*OF1.2.6 DATARATE = 36.0 Mbit/s 17.2.2.2 o Yes dNo
*OF1.2.7 DATARATE = 48.0 Mbit/s 17.2.2.2 o Yes A No
*OF1.2.8 DATARATE = 54.0 Mbit/s 17.2.2.2 o 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 [ Nold
OF2.3 PLCP Preamble: SYNC 17.3.3 M Yes dNo
OF2.4 PLCP header: SIGNAL 17.3.4 M Yes I No
OF2.5 PLCP header: LENGTH 17.3.4.1 M Yes dNo
OF2.6 PLCP header: RATE 17.34.2 M Yes dNo
OF2.7 PLCP header: parity, reserve 17.3.4.3 M Yes dNo
OF2.8 PLCP header: SIGNAL TAIL 17.3.4.3 M Yes 1 No
OF2.9 PLCP header: SERVICE 17.3.5.1 M Yes dNo
OF2.10 PPDU: TAIL 17.3.52 M Yes dNo
OF2.11 PPDU: PAD 17.3.5.3 M Yes dNo
OF2.12 PLCP/OFDM PHY data scrambler 17.3.5.4 M Yes dNo
and descrambler
OF2.13 Convolutional encoder 17.3.5.5 M Yes dNod
OF2.13.1 Rate R =1/2 17.3.5.5 M Yes dNo
OF2.13.2 Punctured coding R = 2/3 17.3.5.5 OF1.2.7:M Yes L No A N/A
OF2.13.3 Punctured coding'Re= 3/4 17.3.5.5 OF1.2.2 Yes L No A N/A
OR
OF1.2.4
OR
OF1.2.6
OR
OF1.2.8:M
OF2.14 Data interleaving 17.3.5.6 M Yes dNo
OF2.15 Subcarrier modulation mapping 17.3.5.7 M Yes dNo
OF2135.1 BPSK 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 I No I N/A]
OR
OF1.2.8:M
OF2.16 Pilot subcarriers 17.3.5.8 M Yes L No
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
OF2.19.2 CCA: indication to MAC sublayer 17.3.6 M Yes dNo
OE2.20 PLCP datamodulation-andmodulation 1737 M Yes O No
rate change
OF3: PDM Operating Specification General
OF3.1 Occupied channel bandwidth 17.3.8.1 M Yes [ Noxld
OF3.2 Operating frequency range 17.3.8.2 M Yes (' No
OF3.3 Channelization 17.3.8.3 M Yes I No
*OF3.3.1 Lower U-NII subband (5.15-5.25 GHz) 17.3.8.3 0.1 Yes dNo
*OF3.3.2 Middle U-NII subband (5.25-5.35 GHz) 17.3.8.3 0.1 Yes dNo
*OF3.3.3 Upper U-NII subband (5.725-5.825 GHz) 17.3.8.3 (ON} Yes 1 No
OF3.4 Number of operating channels 17.3.8.3 M Yes dNo
OF3.5 Operating channel frequencies 17.3.8.3 M Yes dNo
OF3.6 Transmit and receive in band and out of 17.3.84 M Yes dNo
band spurious emission
OF3.7 TX RF delay 17.3.8.5 M Yes dNo
OF3.8 Slot Time 17.3.8.6 M Yes dNod
OF3.9 Transmit and receive antenna port 17.3.8.7 M Yes dNo
impedance
OF3.10 Transmit and receive operating 17.3.8.8 M Yes dNod
temperature range
OF3.10.1 Type 1 (0 °C to 40.50Q) 17.3.8.8 Yes dNo
OF3.10.2 Type 2 (-20:2Cto 50 °C) 17.3.8.8 Yes dNo
OF3.10.3 Type 3.(£30 °C to 70 °C) 17.3.8.8 Yes dNo
OF4: PMD Transmit Specification
OF4.1 Transmit power levels M Yes dNo
OF4.1.1 Power level (5.15-5.25 GHz) 17.3.9.1 OF3.3.1:M Yes dNodN/AQ
OF44.2 Power 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 I No
OF4.4 Center frequency tolerance 17.3.9.4 M Yes dNo
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

48

Copyright © 2000 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1aee9ed78b6515b61e26d90720a44916

HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND

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

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
OF4.6.4 Transmitter constellation error < -8 dB 17.3.9.6.3 OF1.2.2:2M Yes dNo N/A L
QE4.6.5 Transmitter constellationerror<—10 dB 173963 M Yes I No
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 LI N/A
OF4.6.9 Transmitter constellation error < —22 db 17.3.9.6.3 OF1.2.7:M Yes A No-&JIN/A
OF4.6.10 Transmitter constellation error < —25 dB 17.3.9.6.3 OF1.2.8:M Yes HNo LIN/A

OF5: PMD Receiver Specifications
OF5.1 Minimum input level sensitivity at
PER = 10% with 1000 octet frames
OF5.1.1 —82 dBm for 6 Mbit/s 17.3.10.1 M Yes dNo
OF5.1.2 —81 dBm for 9 Mbit/s 17.3.10.1 OF1.2.2:M Yes L No I N/A O
OF5.1.3 —79 dBm for 12 Mbit/s 17.3.10:1 M Yes dNo U
OF5.1.4 —77 dBm for 18 Mbit/s 17%3.10.1 OF1.2.4:M Yes No I N/A O
OF5.1.5 —74 dBm for 24 Mbit/s 17.3.10.1 M Yes dNo
OF5.1.6 —70 dBm for 36 Mbit/s 17.3.10.1 OF1.2.6:M Yes L No L N/A O
OF5.1.7 —66 dBm for 48 Mbit/s 17.3.10.1 OF1.2.7:M Yes No L N/A O
OF5.1.8 —65 dBm for 54 Mbit/s 17.3.10.1 OF1.2.8:M Yes L No L N/A O
OF5.2 Adjacent channel rejection 17.3.10.2 M Yes dNo
OF5.3 Non-adjacent channel rejection 17.3.10.3 M Yes dNo
OF5.4 Maximum input level 17.3.10.4 M Yes dNod
OF5.5 CCA-sensitivity 17.3.10.5 M Yes dNo
OF6: PLCP Transmit Procedure
OF6.1 Transmit: transmit on MAC request 17.3.13 M Yes dNo
OF6.2. Transmit: format and data encoding 17.3.13 M Yes dNo
OFE6:3 Transmit: timing 17.3.13 M Yes dNod
OF7: PLCP Receive Procedure
OF7.1 Receive: receive and data decoding 17.3.14 M Yes U No
OFS8: PHY LME
OF8.1 PLME: support.PITME_SAP 17.4.1 M Yes dNo
management primitives
OF8.2 PLME: support PHY management 17.4.2 M Yes dNo
information base
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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 dNod

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
OF9.3.1 Parameter: TXD_UNIT 17.5.4.3 M Yes A No
0OF9.3.2 Parameter: RXD_UNIT 17.5.4.3 M Yes A No
0OF9.3.3 Parameter: TXPWR_LEVEL 17.5.4.3 M Yes A No
OF9.3.4 Parameter: RATE (12 Mbit/s) 17.54.3 M Yes dNo
OF9.3.5 Parameter: RATE (24 Mbit/s) 17.5.4:3 M Yes dNo
0OF9.3.6 Parameter: RATE (48 Mbit/s) 17543 M Yes dNo
OF9.3.7 Parameter: RATE (72 Mbit/s) 17.5.4.3 (0] Yes dNo
OF9.3.8 Parameter: RSSI 17.5.4.3 M Yes dNo
OF10: Geographi¢-Area Specific Requirements

*OF10.1 Geographic areas 17.3.8.2, M Yes dNo

17.3.8.3,

17.3.8.4,

17.39.3
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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}

3. In Annex D, add the following text to the end of “dot11SupportedDataRateRx TABLE” section:
2 Sheste st sk ske sk sk ske sk sfe sk sk ske sk sk ske sk sk sk sk sk sfe s sk ske sk sk sk sk sk sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sterfhe sk sk skeosk sk skeosk sk sieoskoske skeoskokoskoskok skokok sk

-- * dot11PhyOFDM TABLE

3 st e she she st e she she st sk she she sfe sk she she sfe sk she she she st she she she st e she she st e she she st sk she sfe st sk she sfe sfe sk sk st S ske she sfe st e she sfe s e she sfe st s ske sfe st sieske sl skeosksk

dot11PhyOFDMTable OBJECT-TYPE

SYNTAX SEQUENCE OF Dotl11PhyOFDMEntfy;
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

“Group of attributes for dotl IPhyOFDMTable. Implemented as a
table indexed on ifindex to allow.ferimultiple instances on

an Agent.”

= {dotllphy 11}

dotl 1PhyOFDMEntry OBIJECT-TYPE
SYNTAX Dotl1Phy@FDMEntry
MAX-ACCESSmot-accessible
STATUS current

DESCRIPEION

“An entryhin the dot11PhyOFDM Table.

ifindex’- Each IEEE 802.11 interface is represented by an
ifEntry. Interface tables in this MIB module are indexed

by ifIndex.”
INDEX {ifIndex}

2= {dotl IPhyOFDMTable 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.”
::= {dot1 1PhyOFDMEntry 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.”
::= {dot1 1PhyOFDMEntry 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-NII
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 band
bit 1 .. capable of operating in the middle (5.25-5.35 GHz) U-NII band
bit 2 .. capable of operating in the upper (5.725-5.825 GHz) U-NII band

For example, for an implementation capable of operating in the lower/and-mid
bands this attribute would take the value 3.”
::= {dot1 1PhyOFDMEntry 3}

3 st sie she she st e she she st sk she she sfe sk she she sfe sk she she she st she she she st e she she st e she she st sk she sfe st sk she sfe sfe sk she sl Sesinfe sk st e she sfe st e she sfe st s ske sfe st sieske sl steosksk

-- * End of dot11PhyOFDM TABLE

;%********************************************************************

4. In Annex D. update “compliance statement$”_section as the following text:
sk st st sk sk st sfe ske sk sfe sk sk ske sk st sk sk st sfe sk sk sfe sk sk she sk st sk ske sk sk ske sk she sk ke sk Sk sk ske sk sk ske sk sfe sk sk sk ske sk skeoske sk sfeoske sk slesk sk skeoske sk skeoske sk skeoskeoskosk

-- * compliance statements

;%********************************************************************

dotl1Compliance MODULE-COMPLIANCE
STATUS current

DESCRIPTION

“The compliance statement’ for SNMPv2 entities
that implement the IEEE 802.11 MIB.”
MODULE -- this-module
MANDATORY-GROUPS {

dot11SMTbase

dotl IMAE€Dbase, dotl 1CountersGroup,
dotl1SmtAuthenticationAlgorithms,
dotlllResourceTypelD, dotl1PhyOperationComplianceGroup }

GROUP dot11PhyDSSSComplianceGroup
DESCRIPTION

impicmentation of UiS eroup 1S Tequired Wic object
dot1 1PHY Type has the value of dsss. This group is
mutually exclusive with the groups dotl1PhyIRComplianceGroup,
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
i ] dot11PhvDSSSComplianceGroup

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, add the following\text to the end of “dot11CountersGroup”

“dot1 1 PhyOFDMComplianceGroup OBJECT-GROUP
OBJECTS {

dot11CurrentFrequency,

dot11TIThreshold,
dot11FrequencyBandsSupported}
STATUS current
DESCRIPTION
“Attributes that configure the OFDM for IEEE 802.11.”
::= {dot11Groups 17}”
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Annex G

(informative)

Add Annex G (a new annex):

a)
b)
©)
d)
e)
f)
g)
h)
i)
i)
k)
1)
m)
n)
0)

a)
b)
<)
d)

INFORMATION TECHNOLOGY —

A teof " ¢ tor-OFBM-PHY

G.1 Introduction

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

The encoding illustration goes through the following stages:

Generating the short training sequence section of the preamble;
Generating the long preamble sequence section of the preamble;
Generating the SIGNAL field bits;

Coding and interleaving the SIGNAL field bits;

Mapping the SIGNAL field into frequency domain;

Pilot insertion;

Transforming into time domain;

Delineating the data octet stream into a bit stream;

Prepending the SERVICE field and adding‘the pad bits, thus forming the DATA;
Scrambling and zeroing the tail bits;

Encoding the DATA with a convolutional encoder and puncturing;
Mapping into complex 16-QAM:>symbols;

Pilot insertion;

Transforming from frequency to time and adding a circular prefix;
Concatenating the OFDM symbols into a single, time-domain signal.

In the description of time.domain waveforms, a complex baseband signal at 20 Msamples/s shall be used.

This example uses'the 36 Mbit/s data rate and a message of 100 octets. These parameters are chosen in order
to illustrate as many nontrivial aspects of the processing as possible.

Yse of several bits per symbol (4 in our case);
Puncturing of the convolutional code;

Interleaving, which uses the LSB-MSB swapping stage;
Scrambling of the pilot subcarriers.

54
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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,

Daughter of Elysium,
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 header and\a"CRC32 is
added. The resulting 100 octets PSDU is shown in Table G.1.

Table G.1—The message

# Val Val Val Val Val
1...5 04 02 00 2e 00
6...10 60 08 cd 37 a6
11...15 00 20 do 01 3c
16...20 f1 00 60 08 ad
21...25 3b af 00 00 4a
26...30 6f 79 2c 20 62
31...35 72 69 67 68 74
36...45 20 73 70 61 72
41...45 6b 20 6f 66 20
46550 64 69 76 69 6e
51...55 69 74 79 2c 0a
56...60 44 61 75 67 68
61...55 74 65 72 20 6f
66...60 66 20 45 6¢ 79
71...55 73 69 75 6d 2c
76...60 0a 46 69 72 65
81...55 2d 69 6e 73 69
8666 72 65 6 26 7
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 G.2.

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 17 0:0 0.0
-30 0.0 0.0 -14 0.0 0.0 2 0.0 0.0 18 0.0 0.0
-29 0.0 0.0 -13 0.0 0.0 3 0.0 0.0 19 0.0 0.0
—28 0.0 0.0 -12 | -1472 | -1.472 4 -1.472 | -1.472 20 1.472 1.472
=27 0.0 0.0 -11 0.0 0.0 5 0.0 010 21 0.0 0.0
-26 0.0 0.0 -10 0.0 0.0 6 0.0 0.0 22 0.0 0.0
=25 0.0 0.0 -9 0.0 0.0 7 0:0 0.0 23 0.0 0.0
24 1.472 1.472 -8 -1.472 | -1.472 8 =1.472 | -1.472 24 1.472 1.472
-23 0.0 0.0 =7 0.0 0.0 9 0.0 0.0 25 0.0 0.0
22 0.0 0.0 -6 0.0 0.0 10 0.0 0.0 26 0.0 0.0
21 0.0 0.0 -5 0.0 0:0 11 0.0 0.0 27 0.0 0.0
20 | -1472 | -1.472 —4 1.472 13472 12 1.472 1.472 28 0.0 0.0
-19 0.0 0.0 -3 0.0 0.0 13 0.0 0.0 29 0.0 0.0
-18 0.0 0.0 -2 0.0 0.0 14 0.0 0.0 30 0.0 0.0
-17 0.0 0.0 -l 0.0 0.0 15 0.0 0.0 31 0.0 0.0

One period of the IFFT-on the contents of Table G.2 is given inTable G.3.
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Table G.3—One period of IFFT of the short sequences

## Re Im ## 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
3 0.046 0.046 9 0.002 =0.152 10 =0.079 =0.015 I'l =0.015 0.145

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 —0.013

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 0,002 -0.132

32 0.046 0.046 33 -0.132 0.002 34 -0.013 | -0.079 35 0.143 -0.013

36 0.092 0.000 37 0.143 -0.013 38 -0.013 | -0.079, 39 -0.132 0.002

40 0.046 0.046 41 0.002 -0.132 42 -0.079 | 0013 43 -0.013 0.143

44 0.000 0.092 45 -0.013 0.143 46 -0.079 , { +0.013 47 0.002 -0.132

48 0.046 0.046 49 -0.132 0.002 50 -0.013.%} -0.079 51 0.143 -0.013

52 0.092 0.000 53 0.143 -0.013 54 =0.013 | -0.079 55 -0.132 0.002

56 0.046 0.046 57 0.002 -0.132 58 -0.079 | -0.013 59 -0.013 0.143

60 0.000 0.092 61 -0.013 0.143 62 -0.079 | -0.013 63 0.002 -0.132

The single period of the short training sequence is extended periodically for 161 samples (about 8 ms), and
then multiplied by the window function:

The last sample setves as an overlap with the following OFDM symbol. The 161 samples vector is shown in
Table G.4. The time-windowing feature illustrated here is not part of the normative specifications.
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Table G.4—Time domain representation of the short sequence

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

a FaraVa¥al 2

P
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U.UU —J.UlJ =

P
P
P
(O 3]
P
P
&b
+
|
P
€
wp
$
&b
P
€
ns
[§ 3]
4
P
X
P

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 -0.013

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 0.002 -0.132

32 0.046 0.046 33 -0.132 0.002 34 -0.013 | -0079 35 0.143 -0.013

36 0.092 0.000 37 0.143 -0.013 38 -0.013 (~-0:079 39 -0.132 0.002

40 0.046 0.046 41 0.002 -0.132 42 -0.079v -0.013 43 -0.013 0.143

44 0.000 0.092 45 -0.013 0.143 46 =0.079 | -0.013 47 0.002 -0.132

48 0.046 0.046 49 -0.132 0.002 50 -0.013 | -0.079 51 0.143 -0.013

52 0.092 0.000 53 0.143 -0.013 54 -0.013 | -0.079 55 -0.132 0.002

56 0.046 0.046 57 0.002 -0,132 58 -0.079 | -0.013 59 -0.013 0.143

60 0.000 0.092 61 -0.013 0.143 62 -0.079 | -0.013 63 0.002 -0.132

64 0.046 0.046 65 -0.132 0.002 66 -0.013 | -0.079 67 0.143 -0.013

68 0.092 0.000 69 0:143 -0.013 70 -0.013 | -0.079 71 -0.132 0.002

72 0.046 0.046 73 0.002 -0.132 74 -0.079 | -0.013 75 -0.013 0.143

76 0.000 0.092 &7 -0.013 0.143 78 -0.079 | -0.013 79 0.002 -0.132

80 0.046 0.046 81 —0.132 0.002 82 -0.013 | -0.079 83 0.143 -0.013

84 0.092 0.000 85 0.143 -0.013 86 -0.013 | -0.079 87 -0.132 0.002

88 0.046 0.046 89 0.002 -0.132 90 -0.079 | -0.013 91 -0.013 0.143

92 0.000 0.092 93 -0.013 0.143 94 -0.079 | -0.013 95 0.002 -0.132

96, 0.046 0.046 97 —0.132 0.002 98 -0.013 | -0.079 99 0.143 -0.013

160 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)

## Re Im ## Re Im #H# Re Im ## 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
52 0.092 0.000 I35 0.145 —0.015 154 —0.015 =0.079 I35 —U.152 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 -0.132
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 | -0.079 151 -0.132 0.002
152 0.046 0.046 153 0.002 —-0.132 154 | -0.079 | -0.013 155 =0.013 0.143
156 0.000 0.092 157 | -0.013 0.143 158 | -0.079 | -0.013 159 0.002 -0.132
160 0.023 0.023

G.3.2 Generation of the long sequences

The frequency domain representation of the long training sequence

part of the preamble is given in

Table G.5.
Table G.5—Frequency domain representation of the long sequences
## Re Im ## Re Im ## Re Im ## Re Im
=32 | 0.000 | 0.000 -16 | 1.000,4-0.000 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 4+41.000 | 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 1.000 | 0.000
—26 | 1.000( |)0.000 -10 | -1.000 | 0.000 6 —-1.000 | 0.000 22 | -1.000 | 0.000
—25 | 1%00° | 0.000 -9 1.000 | 0.000 7 1.000 | 0.000 23 1.000 | 0.000
—24-3¢=1.000 | 0.000 -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 | ©017
8 -0.035 | 0.151 9 -0.056 | 0.022 10 -0.060 | -0.081 11 0.070 -0.014
12 0.082 -0.092 | 13 -0.131 | -0.065 | 14 -0.057 | -0.039 | 15 0037 —-0.098

16 0.062 0.062 17 0.119 0.004 18 -0.022 | -0.161 19 0.059 0.015

20 0.024 0.059 21 -0.137 | 0.047 22 0.001 0.115 23 0.053 -0.004
24 0.098 0.026 25 -0.038 | 0.106 26 -0.115 | 0.085 27 0.060 0.088
28 0.021 -0.028 | 29 0.097 -0.083 | 30 0.040 0.1T11 31 -0.005 | 0.120
32 0.156 0.000 33 -0.005 | -0.120 | 34 0.040, -0.111 35 0.097 0.083
36 0.021 0.028 37 0.060 -0.088 | 38 0,115 | -0.055 | 39 -0.038 | -0.106
40 0.098 -0.026 | 41 0.053 0.004 42 0.001 -0.115 | 43 -0.137 | -0.047

44 0.024 -0.059 | 45 0.059 -0.015 A~46 -0.022 | 0.161 47 0.119 -0.004

48 0.062 -0.062 | 49 0.037 0.098 50 -0.057 | 0.039 51 -0.131 | 0.065
52 0.082 0.092 53 0.070 0:014 54 -0.060 | 0.081 55 -0.056 | -0.022
56 -0.035 | -0.151 57 -0.122\} -0.017 | 58 -0.127 | -0.021 59 0.075 -0.074
60 -0.003 | 0.054 61 -0.092 | 0.115 62 0.092 0.106 63 0.012 0.098
64 -0.156 | 0.000 65 0.012 -0.098 | 66 0.092 -0.106 | 67 -0.092 | -0.115
68 -0.003 | -0.054 |69 0.075 0.074 70 -0.127 | 0.021 71 -0.122 | 0.017
72 -0.035 | 0.151 73 -0.056 | 0.022 74 -0.060 | -0.081 75 0.070 -0.014
76 0.082 <0.092 | 77 -0.131 | -0.065 | 78 -0.057 | -0.039 | 79 0.037 -0.098

80 0.062 0.062 81 0.119 0.004 82 -0.022 | -0.161 83 0.059 0.015

84 0.024 0.059 85 -0.137 | 0.047 86 0.001 0.115 87 0.053 -0.004
88 0.098 0.026 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)

#Ht 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 =0.005 0.054 125 —0.092 0.1T15 126 0.052 0.106 | 0.012 0.0Y9s

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 | 0.017

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 | -0.039 143 0.037 —-0.098

144 | 0.062 0.062 145 0.119 0.004 146 | -0.022 | -0.161 147 0:059 0.015

148 0.024 0.059 149 -0.137 | 0.047 150 | 0.001 0.115 151 0.053 —-0.004
152 | 0.098 0.026 153 -0.038 | 0.106 154 | -0.115 | 0.055 155 0.060 0.088
156 0.021 -0.028 | 157 0.097 —-0.083 158 0.040 0.114 159 | -0.005 | 0.120

160 0.078 0

G.4 Generation of the SIGNAL field
G.4.1 SIGNAL field bit assignment

The SIGNAL field bit assignment follows 17.3.4 and Figure 111. The transmitted bits are shown in Table
G.7, where bit O is transmitted first.

Table G.7—Bit assignment for SIGNAL field

## | Bit Meaning ## | Bit Meaning
0 1 RATE: R1 12 0 —

1 0 RATE: R2 13 0 —

2 1 RATE: R3 14 0 —

3 1 RATE: R4 15 0 —

4 0 Reserved 16 0 LENGTH (MSB)
5 0 LENGTH (LSB) 17 0 Parity

6 0 — 18 0 SIGNAL TAIL
vl 1 — 19 Q SIGNAL TAIL
8 0 — 20 0 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

## | 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 0 44 0
5 0 13 0 21 0 29 1 37 0 45 0
6 0 14 0 22 1 30 1 38 0 46 0
7 1 15 1 23 0 31 0 39 0 47 0

G.4.3 Interleaving the SIGNAL field bits.

The encoded bits are interleaved according to the intérleaver of 17.3.5.6. A detailed breakdown of the inter-
leaving operation is described in G.7. The interleaved SIGNAL field bits are shown in Table G.9.

Table G.9—SIGNAL field bits after interleaving

## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
0 1 8 1 16 0 24 1 32 0 40 1
1 0 9 1 17 0 25 0 33 0 41 0
2 0 10 0 18 0 26 0 34 1 42 0
3 1 11 1 19 1 27 0 35 0 43 1
4 0 12 0 20 0 28 0 36 0 44 0
5 1 13 0 21 1 29 0 37 1 45 1
6 0 14 0 22 0 30 1 38 0 46 0
7 0 15 0 23 0 31 1 39 0 47 0

G.4.4 SIGNAL field frequency domain

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
=50 | 0.000 0.000 —14 1.000 0.000 Z —1.000 0.000 I's 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 22 1.000, 0.000
-25 | -1.000 0.000 -9 -1.000 | 0.000 7 X X 23 <1.000 | 0.000
-24 | -1.000 0.000 -8 -1.000 | 0.000 8 1.000 0.000 24 1.000 0.000
-23 | 1.000 0.000 =7 X X 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 X X -5 1.000 0.000 11 —-1.000, ( 9.000 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 14y -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

Four pilot subcarriers are added by taking the‘values {1.0,1.0,1.0,-1.0}, multiplying them by the first ele-
ment of sequence py 126, given in Equation’(22), and inserting them into location {-21,-7,7,21}, respec-
tively. The resulting frequency domain.valtes are given in Table G.11.
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Table G.11—Frequency domain representation of SIGNAL field with pilots inserted

## Re Im #i Re Im ## Re Im # Re Im
=32—0-066 6-066 =t+6—T+066 6-066 Y 6-066 6-066 16 =+606—0-060
=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 [ 0000
—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 -~1.000 | 0.000
—26 | 1.000 0.000 -10 | -1.000 | 0.000 6 -1.000 | 0.000 22 1.000 0.000
-25 | —-1.000 | 0.000 -9 —-1.000 | 0.000 7 1.000 0.000 23 -1.000 | 0.000
-24 | -1.000 | 0.000 -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.v 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 | 0000 15 1.000 0.000 31 0.000 0.000

G.4.5 SIGNAL field time domain

The time domain representation’is derived by performing IFFT on the contents of Table G.11, extending
cyclically, and multiplying-by-the window function

1
N o

k
Wk)=| 1. N<k<8
k

0.5 =80

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.
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