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IEEE Standards documents are developed 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 IEEE 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 IEEE 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 comments
received from users of the standard. Every IEEE 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 reaffirmed, 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 IEEE Standard.

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

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason, IEEE and the members 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

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position 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 a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute 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 also 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.)

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

>

£ —

i

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 OVERVIEW & ARCHITECTURE*
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

* Formerly IEEE Std 802.1A.

This family of standards deals with the Physical and Data 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 particular 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 ANSI/IEEE 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.

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

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

LANSs.
e IEEE Std 802.1F Common Definitions and Procedures for IEEE 802 Management Information

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

Copyright © 1999 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
[ISO/IEC 8802-4]

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

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

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

ANSI/IEEE Std 802.10

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

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

Logical Link Control

CSMA/CD Access Method and Physical Layer Specifications

Token Passing Bus Access Method and Physical Layer Specifications

Token Ring Access Method and Physical Layer Specifications

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

Integrated Services (1S) 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, Physical Layer and Repeater Specifica-
tions

In addition to the family of standards, the following is a recommended 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:

iv

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

Copyright © 1999 |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. [tem *CF6 should be added to the table in A.4.3 of the base standard. The entire
subclause A.4.8 (Orthogonal frequency division multiplex PHY functions) should be added to the end of
Annex A in the base standard (i.e., after A.4.7).

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 information 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 intermediate stages.

Copyright © 1999 IEEE. All rights reserved. v
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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

[These additions are based on IEEE Std 802.11, 1999 Edition.]

EDITORIAL NOTE —The editing instructions contained in this supplement define how to merge the material contained
herein into IEEE Std 802.11, 1999 Edition, to form the new comprehensive standard as created by the addition of 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 to make 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 strikethreough (to remove old
material) or underscore (to add new material). Delete removes existing material. Insert 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.
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IEEE
Std 802.11a-1999 SUPPLEMENT TO IEEE STANDARD FOR 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

FFT Fast Fourier Transform

GI guard interval

IFFT inverse Fast Fourier Transform

OFDM orthogonal frequency division multiplexing
PER packet error rate

QAM quadrature amplitude modulation

QPSK quadrature phase shift keying

U-NII unlicensed national information infrastructure

9.1 Multirate support
Add the following text to the end of 9.6:
For the 5 GHz PHY, the time required to transmit a frame for use in 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 the end 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 a PPDU containing a specified length MPDU, and using a specified format, data rate, and
signalling.

10.4.6.2 Semantics of the service primitive

This primitive provides the following parameters:

PLME-TXTIME.request(TXVECTOR)

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

Copyright © 1999 IEEE. All rights reserved.
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HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND Std 802.11a-1999

10.4.6.3 When generated

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

10.4.6.4 Effect of receipt

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

10.4.7 PLME-TXTIME.confirm
10.4.7.1 Function

This primitive provides the time that will be required to transmit the PPDU 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 includes 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 clause specifies the PHY entity for an orthogonal frequency division multiplexing (OFDM) system and
the additions that have to be made to the base standard to accommodate the OFDM PHY. The radio fre-
quency LAN system is initially aimed for the 5.15-5.25, 5.25-5.35 and 5.725-5.825 GHz unlicensed
national information structure (U-NII) bands, as regulated in the United States by the Code of Federal Regu-
lations, Title 47, Section 15.407. The OFDM system provides a wireless LAN with data payload communi-
cation capabilities of 6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s. The support of transmitting and receiving at data
rates of 6, 12, and 24 Mbit/s is mandatory. The system uses 52 subcarriers that are modulated using binary or
quadrature phase shift keying (BPSK/QPSK), 16-quadrature amplitude modulation (QAM), or 64-QAM.
Forward error correction coding (convolutional coding) is used with a coding rate of 1/2, 2/3, or 3/4.
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Authorized licensed use limited to: IEEE Staff. Downloaded on June 26,2023 at 17:16:57 UTC from IEEE Xplore. Restrictions apply.

14



IEEE
Std 802.11a-1999 SUPPLEMENT TO IEEE STANDARD FOR INFORMATION TECHNOLOGY —

17.1.1 Scope

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

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

b) A PMD system whose function defines the characteristics and method of transmitting and receiving
data through a wireless medium between two or more stations, each using the OFDM 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 functions 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 represented by figures and state diagrams are intended to be illustrations of the functions pro-
vided. It is important to distinguish between a model and a real implementation. The models are optimized
for simplicity and clarity of presentation; the actual method of implementation is left to the discretion of the
IEEE 802.11 OFDM PHY compliant developer.

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

Copyright © 1999 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 entity (MLME). In certain PMD implementations, the MLME may need to interact with the
PLME as part of the normal PHY SAP primitives. These interactions are defined by the PLME parameter list
currently defined in the PHY service primitives as TXVECTOR and RXVECTOR. The list of these parame-
ters, and the values they may represent, are defined in the specific PHY specifications for each PMD. This
subclause addresses the TXVECTOR and RXVECTOR for the OFDM PHY.

17.2.2 TXVECTOR parameters

The parameters in Table 76 are defined as part of the TXVECTOR parameter list 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.request | 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 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 the transmission.

17.2.2.2 TXVECTOR DATARATE

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

Copyright © 1999 IEEE. All rights reserved. 5
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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

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

17.2.3 RXVECTOR parameters

The parameters listed in Table 77 are defined as part of the RXVECTOR 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 in the 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 transfer 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 O
through RSSI maximum. This parameter is a measure by the PHY sublayer of the energy observed at the
antenna used 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 © 1999 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 field 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
- >
RATE |Reserved| LENGTH | Parity | Tail | SERVICE Tail :
Abits | 1bit |12bits | 1bit | 6bits| 16 bits PSDU 6 bits | 24 Bits
S~
S~ Coded/OFDM | Coded/OFDM |
~, (BPSK,r=172) | (RATE is indicated in SIGNAL) I
|- > |
PLCP Preamble 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 © 1999 IEEE. All rights reserved. 7
Authorized licensed use limited to: IEEE Staff. Downloaded on June 26,2023 at 17:16:57 UTC from IEEE Xplore. Restrictions apply.

18



IEEE

Std 802.11a-1999 SUPPLEMENT TO IEEE STANDARD FOR INFORMATION TECHNOLOGY —

b)

)

d)

€)

2

h)

)

)

k)

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
described subsequently for data transmission at 6 Mbit/s. The contents of the SIGNAL field are not
scrambled. Refer to 17.3.4 for details.

Calculate from RATE field of the TXVECTOR the number of data bits per OFDM symbol (Npgps),
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 Npgps. 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” with six nonscrambled “zero” bits.
(Those bits return the convolutional encoder to the “zero state” and are 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 to “puncturing pattern”) to reach the desired
“coding rate.” Refer to 17.3.5.5 for details.

Divide the encoded bit string into groups of N-gpg 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 Ncppg bits. For each of the bit
groups, convert the bit group into a complex number according to the modulation encoding tables.
Refer to 17.3.5.7 for details.

Divide the complex number string into groups of 48 complex numbers. Each such group will be
associated with one OFDM symbol. In each group, the complex numbers will be numbered 0 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 value. Refer to 17.3.5.9 for details.

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

For 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.

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

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.
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17.3.2.2 RATE-dependent parameters

Table 78 —Rate-dependent parameters

IEEE

Std 802.11a-1999

The modulation parameters dependent on the data rate used shall be set according to Table 78.

Coded bits Coded bits Data bits
Daarste | oduaion | Colbgrae e | per QUM per OFDM

(Nppsc) (Ncaps) (Npgps)
6 BPSK 172 1 48 24
9 BPSK 3/4 1 48 36
12 QPSK 172 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 subcarriers 4
Ngr: Number of subcarriers, total 52 (Ngp + Ngp)

Ag: Subcarrier frequency spacing

0.3125 MHz (=20 MHz/64)

Tgpr: IFFT/FET period

3.2 us (1/Ap)

TPREAMBLE: PLCP preamb]e duration

16 us (Tsgort + TLONG)

TsignaL: Duration of the SIGNAL BPSK-OFDM symbol

4.0 us (Tgy + Tppr)

Tgr: GI duration

0.8 s (Trep/4)

Tgrp: Training symbol GI duration

1.6 us (Tppp/2)

Tgym: Symbol interval

4 us (Tgy + Trrr)

Tshort: Short training sequence duration

8 us (]0 X TFFT /4)

T ong: Long training sequence duration

8 us (Tgp + 2 x Tgpr)

Copyright © 1999 IEEE. All rights reserved.
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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:

T(RFY= Re{r{t)exp(j2nf 1)} (1
where

Re(.) represents the real part of a complex variable;

I denotes the carrier center frequency.

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

"packer(t) = Tprpampre(t) + Fsionar(t=tsignar) + Tparalt = tpazra) (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 tgyprraME determine the starting time of the corresponding subframe; fg;5n4;, 1 equal to 16 us, and
tpata 1s equal to 20 us.

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

Ngy/2

rsuprrame(t) = Wrsyprrame(t) E Cy exp (j2mkA )t =T gyarp) 3)
k= Ng/2

The parameters A, and Ngp are described in Table 79. The resulting waveform is periodic with a period of
Tgrr = 1/AR Shifting the time by T(5;/45p creates the “circular prefix” used in OFDM to avoid ISI from the
previous frame. Three kinds of T;y4gp are defined: for the short training sequence (= 0 us), for the long
training sequence (= Tgpp), and for data OFDM symbols (= Tg)). (Refer to Table 79.) The boundaries of the
subframe are set by a multiplication by a time-windowing function, wy g grrape(t), Which is defined as a
rectangular pulse, wr(t), of duration 7, accepting the value Tg;grraye- 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 one period, Tggr, and additionally shows smoothed transitions by application of a
windowing function, as exemplified in Equation (4). In particular, window functions that extend over multi-
ple periods of the FFT are utilized in the definition of the preamble.

2
. T
sin <§(0.5 + t/TTR)> (-Typ/2<t<Tpp/2)

wp(t) = 1 (Tyrp/2=t<T-Tpp/2) 4)

2
sin (g(o.s (- T)/TTR)) (T-Typ/251<T+Typ/2)
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In the case of vanishing T, the windowing function degenerates into a rectangular pulse of duration 7. The
normative specifications of generating the transmitted waveforms shall utilize the rectangular pulse shape. In
implementation, higher T is typically implemented in order to smooth the transitions between the consec-
utive subsections. This creates a small overlap between them, of duration T, as shown in Figure 108. The
transition time, Trg, is about 100 ns. Smoothing the transition is required in order to reduce the spectral side-
lobes of the transmitted waveform. However, the binding requirements are the spectral mask and modulation
accuracy requirements, as detailed in 17.3.9.2 and 17.3.9.6. Time domain windowing, as described here, is
just one way to achieve those objectives. The implementor may use other methods to achieve the same goal,
such as frequency domain filtering. Therefore, the transition shape and duration of the transition are infor-
mative parameters.

T=TgrtTrrr

ETGUARD
: =TGI . TFFT :
N ' @
A
1
- P
Trg Trg
. T=Tgn 2Terr R
TGuarp :
v =Tap . T : T I
G2y ! FFT__ o FFT )

: i i
L
| |

<« <«
Trp Trp

7

>

Figure 108 —Illustration of OFDM frame with cyclic extension and windowing for (a) single
reception or (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 T, = 100 ns is applied, and the signal is sam-
pled at 20 Msamples/s, it becomes

1 1=sn=<79
wrln] = wp(nTg) = 105 0, 80 )
0 otherwise

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

Copyright © 1999 IEEE. All rights reserved. 11
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38 to 63. The rest of the inputs, 27 to 37 and the O (dc) input, are set to zero. This mapping is illustrated in
Figure 109. After performing an IFFT, the output is cyclically extended to the desired length.

Null — | 0 0o
# — 1 |
#2 -
#26 — 26 IFFT 26 |
n—2 7l
Eﬁll — ! ) ! Time Domain Outputs
Null — 37 37 —
#-26 —— 38 38 L
#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 10 short symbols and two long symbols
that are shown in Figure 110 and described in this subclause.

8+8=16us

l »
‘ L
10 % 0.8=8 us | 2x08+2x32=8.0pus 0.8+3.2:440Msh| 0.8+32=40us| 08+32=40us
————————— > < >« < <
[ T T R R I B B | T | \/ T T T
t thty ty tste t7 tg tg tyg) GI2 | T, 1 T, \GI I SIGNAL §| GI| Datal | GI| Data?2
T T N T T R Y i I | | ; ;
Sienal D 4+—r<¢ PE——> <
1gnal Detect, Coarse Freq.  Channel and Fine Frequency ~ RATE SERVICE + DATA  DATA
AGC, Diversity Offset Estimation Offsct 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 T, 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 short OFDM training symbol consists of 12 subcarriers, which are modulated by the elements of the
sequence S, given by

S—26, 26: \/(13/6) X {0’ 0’ 1+_]5 09 O? 0! 717j! 0’ 09 O? 1+.]9 0! 0’ 09 717_]’9 07 03 0’ 717_]’ 09 07 03 1+_]s 0’ 09 07 03
Oa 07 03 717js 05 Oa 07 717j7 03 05 Oa 1+_]a 07 03 05 1+_]5 Oa 07 03 1+_]s 05 Oa 07 1+_]7 030} (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 © 1999 |IEEE. All rights reserved.
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The signal shall be generated according to the following equation:
N /2
rsnort(1) = Wrsuorr(1) E Syexp(j2mkApt) (7

k=-Ng/2

The fact that only spectral lines of S_,4.0¢ With indices that are a multiple of 4 have nonzero amplitude
results in a periodicity of Tggr/4 = 0.8 us. The interval T¢yopr is equal to ten 0.8 us periods (i.e., 8 us).

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

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

L6 2e= 4L L-1L-1, 1L 1,-LL-L L1111 1-L-111,-1,1,-1,1, 1,1, 1,0,
15_19_17 15 1’_15 1’_1’ 13_15_1’_15_15_19 1’ 13_1’_1’ 13_1’ 19_13 17 15 1’ 1} (8)

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

Ngy/2
rrong(t) = wrona(t) Y Liexp(2rkAp(t = Ty,)) 9)
k=-Ng/2
where
TG 12= 1.6 us.

Two periods of the long sequence are transmitted for improved channel estimation accuracy, yielding
Trong=16+2x32=8us.

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

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

rpreamsrLe(t) = Tsuort(1) + Trone(t = Tsyorr) (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 fields of the TXVECTOR. The RATE field conveys information about the type of modulation and
the coding rate as used in the rest of the packet. The encoding of the SIGNAL single OFDM symbol shall be
performed 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 O 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.
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RATE LENGTH SIGNAL TAIL
(4 bits) (12 bits) (6 bits)
R1 R2 R3 R4| R|LSB MSB| P [0 <07 “0” “0” “0” “0”
0|1|2|3 4 5|6|7|8|9|10|11|12|13|14|15|16 17 18|19 20|21|22 23
Transmit Order
|

Figure 111 —SIGNAL field bit assignment

The process of generating the SIGNAL OFDM symbol is illustrated in Annex G (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
described in 17.3.5.5.

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

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

14 Copyright © 1999 IEEE. All rights reserved.
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17.3.5 DATA field

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

17.3.5.1 Service field (SERVICE)
The IEEE 802.11 SERVICE field has 16 bits, which shall be denoted as bits 0—15. The bit O shall be trans-
mitted first in time. The bits from 0—6 of the SERVICE field, which are transmitted first, are set to zeros and

are used to synchronize the descrambler in the receiver. The remaining 9 bits (7-15) of the SERVICE field
shall be reserved for future use. All reserved bits shall be set to zero. Refer to Figure 112.

Scrambler Initialization = Reserved SERVICE Bits R: Reserved
“0” “0" “0"“0"“0"“0" 0" R R R R R R R R R

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

Transmit Order

o
Figure 112—SERVICE field bit assignment

17.3.5.2 PPDU tail bit field (TAIL)

The PPDU tail bit field shall be six bits of “0,” which are required to return the convolutional encoder to the
“zero state.” This procedure improves the error probability 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 field shall be a multiple of Ncgps, 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 Nppgps, the number of data bits per OFDM symbol. At least 6 bits are appended to the message,
in order to accommodate the TAIL bits, as described in 17.3.5.2. The number of OFDM symbols, Ngyys; the
number of bits in the DATA field, Npara; and the number of pad bits, Npap, are computed from the length
of the PSDU (LENGTH) as follows:

Ngym = Ceiling ((16 + 8 x LENGTH + 6)/Npgps) (11)
Nparta = Nsym % Nppps (12)
NPAD:NDATA7(16+8 XLENGTH+6) (13)

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

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

Copyright © 1999 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 +xt 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 10110100
00101010 11111010 01010001 10111000 1111111, when the “all ones” initial state is used. The same
scrambler is used to scramble transmit data and to descramble receive data. When 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

X' x8 x° x4 x3 x2 x!

Descrambled
Data Out

Figure 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, composed 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 example of encoding operation is shown in Annex G (G.6.1).

16 Copyright © 1999 IEEE. All rights reserved.
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Lﬂ\'oumut Data A

Input Data Ty

. Output Data B

Figure 114—Convolutional encoder (k = 7)

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, Ncgps. The interleaver is defined by a two-step permutation. The first
permutation ensures that adjacent coded bits are mapped onto nonadjacent subcarriers. The second ensures
that adjacent coded bits are mapped alternately onto less and more 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 before the first permutation; i shall be the index after the first
and before the second permutation, and j shall be the index after the second permutation, just prior to modu-
lation mapping.
The first permutation is defined by the rule

i:(NCBPS/16) (k mod 16) +ﬂ00r(k/16) k:()?l?""NCBPSi 1 (15)
The function floor (.) denotes the largest integer not exceeding the parameter.
The second permutation is defined by the rule

j=s x floor(i/s) + (i + Ncgpg — floor(16 x i/Ncgpg)) mods  i=0,1,... Negps— 1 (16)
The value of s is 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 © 1999 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

Ayg
Encoded Data e r Ve Stolen Bit
By % B3 //B/(j Bs | Bg %/ Bg .

Bit Stolen Data
(sent/received data)

N
Bit Inserted Data Ao Al\& A3

W A | A \Q
%\ 61 7 \\ \\\ Inserted Dummy Bit
RN By |

Decoded Data

Yo Y1 | Y2 | Y3 | Y4 |Y5|Ye |Y7]|Y8

Punctured Coding (r = 2/3)

Source Data Xo | X1 X

X3
A
Encoded Data B, {B/A B, % B, 7 /4 //A Stolen Bit

Bit Stolen Data
(sent/received data)

. A A A, Azl A A
Bit Inserted Data 0 1 2 3 4 > N Inserted Dummy Bit
N y

Decoded Data

Yo Y1 Y2 | ¥3 Y4 ys

Figure 115— An example of the bit-stealing and bit-insertion procedure (r = 3/4, 2/3)
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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 k 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,... Ncgps— | (18)
where

S 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:16xi*(NCBpsf1)ﬂ00r(16xi/NCBps) izo,l,...NCBpsfl (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 Ngpsc (1, 2, 4, or 6) bits and converted into complex numbers representing BPSK, QPSK,
16-QAM, or 64-QAM constellation points. The conversion shall be performed according to Gray-coded
constellation mappings, illustrated in Figure 116, with the input bit, b, being the earliest in the stream. The

output values, d, are formed by multiplying the resulting (I+jQ) value by a normalization factor Ky;op, as
described in Equation (20).

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

The normalization factor, Kyjop, depends 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 mappings. 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 Kyvob
BPSK 1
QPSK V2
16-QAM 1IV10
64-QAM V42
Copyright © 1999 |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, b, 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,bs deter-
mines the Q value, as illustrated in Table 84. For 64-QAM, byb,b, determines the I value and bsbybs
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
111 3 111 3
101 5 101 5
100 7 100 7
Copyright © 1999 |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 denote this
by writing the complex number dy ;;, which corresponds to subcarrier k of OFDM symbol n, as follows:

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

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

NSD—I
rDATA, n(t) = WTSYM(t) E dk’neXp((jZJTM(k)AF(t—TGI)) (22)
k=0
NST/Z
P4 E Prexp(j2mkAp(t =T 5;))
k = —NST/Z

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

k-26 0<k<4
k—25 5<k=<17
M(k) = k—24 18<k=<23
k—2324<k=<29
k-2230<k=<42
k-2143<k=<47

(23)

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

P_.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,

09 0’ 05 0’ 09 0’ 15 O’ 0? 0’ 05 O’ 0? 0’ 05 O’ 0? 0! 0’ O’ 71’ 09 0’ 05 0’ 0} (24)

22 Copyright © 1999 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.oev={LLL1, -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,
1515'1515 la'ls'lyly 151a'1513 'la'ls'lyly '1313'17'1a 19'17'1a15 17191917 '19'191>1a
-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, -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, -1,-1,-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, py, multiplies the pilot subcarriers of the SIGNAL symbol, while the ele-
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 (0th subcarrier) is not used.

dy d4 Pyds di7P_7 dig dp3DC dyy  dyg P7 dsg dgp Prpdgs  dyy
| : | |
| | | |

ooe | oo | oo T X | oo ! oo

| | | |
| | | |
1 | | | 1

26 21 -7 0 7 21 26

Subcarrier Numbers

Figure 117 —Subcarrier frequency allocation
The concatenation of Ngy); OFDM symbols can now be written as

Noym =1

rparalt) = 2 para, n(t =0T gyp) (26)
n=0

An example of mapping into symbols is shown in Annex G (G.6.3), as well as the scrambling of the pilot
signals (G.7). The final output 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 detect a “medium busy” condition with a performance specified in 17.3.10.5. This medium status
report is 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 IEEE 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.
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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 »'I\/Tterk’eaving+%> IFET -\ G|” A"\?\yamvgm > Q
Coder apping e —\P(Addition—| Shaping —\| Mod.

% HPA

AGC Amp

- IQ H——\—»Remove

Det. Gl
LNA v I

Rx Lev. Det. AEC
Clock Recovery

g Demapping+ FEC
4? Deinterleaving Decoder

A 4

FFT

s

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 ps

Guard interval 0.8 us* (Tgp

Occupied bandwidth 16.6 MHz

3Refer to 17.3.2.4.
24 Copyright © 1999 IEEE. All rights reserved.
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17.3.8.2 Regulatory requirements

Wireless LANs implemented in accordance with this standard are subject to equipment certification and
operating requirements established by regional and national regulatory administrations. The PMD specifica-
tion establishes minimum technical requirements for interoperability, based upon established regulations
at the time this standard was issued. These regulations are subject to revision, or may be superseded.
Requirements that are subject to local geographic regulations are annotated within the PMD specification.
Regulatory requirements that do not affect interoperability are not addressed in this standard. Implementors
are referred to the regulatory sources in Table 87 for further information. Operation in countries within
defined regulatory domains may be subject to additional or alternative national regulations.

The documents listed in Table 87 specify the current regulatory requirements for various geographic areas at

the time this standard was developed. They are provided for information only, and are subject to change or
revision at any time.

Table 87 —Regulatory requirement list

Geographic area

Approval standards

Documents

Approval authority

United States

Federal Communications
Commission (FCC)

CFR47, Part 15,
sections 15.205 and

FCC

15.209; and
Subpart E, sections
15.401-15.407

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, and 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 dotl1 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
between center frequency and channel number is given by the following equation:

Channel center frequency = 5000 + 5 x n g, (MHz) 27)
where

ng, = 0,1,...200.
Copyright © 1999 IEEE. All rights reserved. 25
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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 numgbers 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 this standard, which shall be used with the FCC U-NII fre-
quency allocation. The lower and middle U-NII sub-bands 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 the 5 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 network 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.

26 Copyright © 1999 IEEE. All rights reserved.
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Lower and Middle U-NII Bands: 8 Carriers in 200 MHz / 20 MHz Spacing
30 MHz
30 MHz

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

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

1 \ . ) ) M.
5725 5745 5765 5785 5805 5825
Lower Band Edge Upper Band Edge

Figure 119—OFDM PHY frequency channel plan 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 Q 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 802.11, 1999 Edition. Type 1, defined as 0 °C to 40 °C, is designated for office environments.
Type 2, defined 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 0 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 national 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 the 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
relative to overall transmitted power or, equivalently, +2 dB relative to the average energy of the rest of the
subcarriers. 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.. +26 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) Relatzw;i(c)gr(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)
b)

9
)
e)
f)

g

h)

Start of frame shall be detected.
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.
The packet shall be derotated according to estimated frequency offset.
The complex channel response coefficients shall be estimated for each of the subcarriers.
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.
For each data-carrying subcarrier, find the closest constellation point and compute the Euclidean dis-
tance from it.
Compute the RMS average of all errors in a packet. It is given by:
Lp 52
. N . C 2
Nf E E {(I(la ]7 k)_IO(l7 .]7 k)) +(Q(l7 ]7 k)_QO(l’ ]7 k)) }
N Ji=1lk=1
2 S52Lp x P
Errorgys = =1 (28)
N;

where

Lpis the length of the packet;

Nfis the number of frames for the measurement;

(Iyp(ij.k), Qy(i,j,k)) denotes the ideal symbol point of the ith frame, j‘h 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 jth frame, jth 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 be performed 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

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

30
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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 PSDU length of 1000 bytes for rate-dependent input

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

Table 91 —Receiver performance requirements

Duarate sy | My Al et adieent

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

17.3.10.4 Receiver maximum input level

The receiver shall provide a maximum PER of 10% at a PSDU length of 1000 bytes, for a maximum 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 PHY-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 issue 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-
DATA request (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 make 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
(.req) and confirmations(.confirm) are issued once with designated states.

17.3.12 PLCP receive procedure

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

Upon receiving the transmitted PLCP preamble, PMD_RSSlLindicate 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 be
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 in 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 shall be 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 condition PHY-RXEND.indicate(UnsupportedRate). If the PLCP header is receiv-
able, but the parity check of the PLCP header is not valid, a PHY-RXSTART.indicate will not be issued. The
PHY shall issue the error condition PHY-RXEND.indicate(FormatViolation).

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

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.

RX IDLE State
CS/CCA
\l]PHYﬁCCAmd(BUSY)
Detect PLCP Preamble —> RX SYMBOL
SIGNAL invalid Receive the SIGNAL ]
or PHY CCA.ind | Symbol PMD_DATA.ind
IDLE) i
(IDLE) \l/ SIGNAL Valid PHY_CCA.ind(IDLE) PHY_CCA.ind
RX SIGNAL Parity (BUSY)
] Signal Not Valid Decode Symbol
Parity Fail RX and test parity Y
. PHY_RXEND.ind Descramble and
\l’ Parity Correct (Carrier Lost) decode symbol
RX PLCP Fields
Change demodulation type
- and decoding rate
ﬁ%{ﬁ?CA.md according to SIGNAL data| Decrement Time Decrement Length
RX 12 bits LENGTH
RX 4 bits RATE Wait for intended PHY_DATA.ind(DATA)
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Predicted duration expires Decrement length count
and PHY_CCA.ind(IDLE) .
Time=0 length =0
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rame
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PHY_CCA.ind(IDLE)

SETUP PSDU RX

Set length count

PHY RXSTART.ind
(RXVECTOR)

Figure 125—PLCP receive state machine

17.4.3 .OFDM TXTIME calculation

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

TXTIME = TPREAMBLE + TSIGNAL + TSYM X Celhng((16 + 8 x LENGTH + 6)/NDBPS) (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

dotl1 PHY Operation Table

dotll PHY type OFDM-5. (04) Static
dot11 Current reg domain Implementation dependent Static
dotl1 Current frequency band Implementation dependent Dynamic
dot11 Temp type Implementation dependent Static
dot11 PHY Antenna Table
dot11 Current Tx antenna Implementation dependent Dynamic
dot11 Diversity support Implementation dependent Static
dotl1 Current Rx antenna Implementation dependent Dynamic

dotl1l PHY Tx Power Table

dot11 Number supported power levels | Implementation dependent Static
dotl1 Tx power level 1 Implementation dependent Static
dotl1 Tx power level 2 Implementation dependent Static
dotl1 Tx power level 3 Implementation dependent Static
dotl1 Tx power level 4 Implementation dependent Static
dotll Tx power level 5 Implementation dependent Static
dotl1 Tx power level 6 Implementation dependent Static
dotl1 Tx power level 7 Implementation dependent Static
dotl1 Tx power level 8 Implementation dependent Static
dotl1 current Tx Power Level Implementation dependent Dynamic

dot11 Reg Domains Supported Table

dotl1 Reg domains supported Implementation dependent Static

dotl1 Frequency bands supported Implementation dependent Static
dot11 PHY Antennas List Table

dot 11 Supported Tx antenna Implementation dependent Static
dot11 Supported Rx antenna Implementation dependent Static
dot 11 Diversity selection Rx Implementation dependent Dynamic
38 Copyright © 1999 IEEE. All rights reserved.
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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

dot11 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 + Tsignar + (16 + 8 x LENGTH + 6)/DATARATE + Tgyw/2 (30)

Equation (30) does not include the effect of rounding to 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.

17.5.2 Overview of service

The OFDM PMD sublayer accepts PLCP sublayer service primitives and provides the actual means by
which data is transmitted or received from the medium. The combined function of the OFDM PMD sublayer
primitives and parameters for the receive function results in a data stream, timing information, and associ-
ated received signal parameters being delivered to the PLCP sublayer. A similar functionality shall be pro-
vided for data transmission.
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Table 93— OFDM PHY characteristics

Characteristics Value
aSlotTime 9 us
aSIFSTime 16 ps
aCCATime <4 us
aRxTxTurnaroundTime <2 us
aTxPLCPDelay Implementation dependent
aRxPLCPDelay Implementation dependent
aRxTxSwitchTime << 1 pus
aTxRampOnTime Implementation dependent
aTxRampOftTime Implementation dependent
aTxRFDelay Implementation dependent
aRxRFDelay Implementation dependent
aAirPropagationTime <<1pus
aMACProcessingDelay <2pus
aPreambleLength 20 us
aPLCPHeaderLength 4 us
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 service 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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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_RSSlLindicate 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 the 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 combination 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
after the decoding of the convolutional code by the PMD entity.

17.5.5.2.3 When generated

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

17.5.5.2.4 Effect of receipt

The PLCP sublayer interprets the bits that are recovered as part of the PLCP convergence 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 PPDU 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 the 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

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

17.5.5.5.1 Function

This primitive, generated by the PHY PLCP sublayer, selects the power level 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 be used 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 primitive, 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

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

17.5.5.7 PMD_RSSL.indicate

17.5.5.7.1 Function

This primitive, generated by the PMD sublayer, provides the received signal strength to the PLCP and MAC
entity.

17.5.5.7.2 Semantic of the service primitive
This primitive shall provide the following parameters:
PMD_RSSlindicate(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 turn, 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 U

* CF2 Independent station (not an AP) 5.2 0.1 Yes dNo

* CF3 Frequency-hopping spread spectrum — 0.2 Yes L No
(FHSS) PHY for the 2.4 GHz band

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

* CF5 Infrared PHY — 0.2 Yes 1 No U

* 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 A No
OF1.2 TXVECTOR parameter: DATARATE 17.2.2.2 M Yes A No
OF1.2.1 DATARATE = 6.0 Mbit/s 17.2.2.2 M Yes A No 4
*QF1.2.2 DATARATE = 9.0 Mbit/s 17.2.2.2 (0] Yes L No 1
OF1.2.3 DATARATE = 12.0 Mbit/s 17.2.2.2 M Yes A No 4
*QOF1.2.4 DATARATE = 18.0 Mbit/s 17.2.2.2 o Yes A No 4
OF1.2.5 DATARATE = 24.0 Mbit/s 17.2.2.2 M Yes A No 4
*OF1.2.6 DATARATE = 36.0 Mbit/s 17.2.2.2 (0] Yes I No
*QF1.2.7 DATARATE = 48.0 Mbit/s 17.2.2.2 o Yes dNo
*QF1.2.8 DATARATE = 54.0 Mbit/s 17.2.2.2 (0] Yes dNo
OF1.3 TXVECTOR parameter: SERVICE 17.2.2.3 M Yes A No 4
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Item Feature References Status Support
OF1.4 TXVECTOR parameter: 17.2.2.4 M Yes A No 4
TXPWR_LEVEL
OF1.5 RXVECTOR parameter: LENGTH 17.2.3.1 M Yes [ No
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 A No
OF2.3 PLCP Preamble: SYNC 17.3.3 M Yes A No
OF2.4 PLCP header: SIGNAL 17.34 M Yes [ No
OF2.5 PLCP header: LENGTH 17.3.4.1 M Yes dNo
OF2.6 PLCP header: RATE 17.3.4.2 M Yes dNo
OF2.7 PLCP header: parity, reserve 17.3.4.3 M Yes A No U
OF2.8 PLCP header: SIGNAL TAIL 17.3.4.3 M Yes dNo
OF2.9 PLCP header: SERVICE 17.3.5.1 M Yes dNo
OF2.10 PPDU: TAIL 17.3.5.2 M Yes dNo
OF2.11 PPDU: PAD 17.3.5.3 M Yes A No
OF2.12 PLCP/OFDM PHY data scrambler 17354 M Yes dNo
and descrambler
OF2.13 Convolutional encoder 17.3.5.5 M Yes A No U
OF2.13.1 Rate R =1/2 17.3.5.5 M Yes A No U
OF2.13.2 Punctured coding R =2/3 17.35.5 OF1.2.7:M Yes A No I N/A L
OF2.13.3 Punctured coding R = 3/4 17.3.5.5 OF1.2.2 Yes dNo dN/A D
OR
OF1.2.4
OR
OF1.2.6
OR
OF1.2.8:M
OF2.14 Data interleaving 17.3.5.6 M Yes 1 No
OF2.15 Subcarrier modulation mapping 17.3.5.7 M Yes dNo
OF2.15.1 BPSK 17.3.5.7 M Yes 1 No
OF2.15.2 QPSK 17.3.5.7 M Yes A No
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 dNo dN/A
OR
OF1.2.8:M
OF2.16 Pilot subcarriers 17.3.5.8 M Yes dNo
OF2.17 OFDM modulation 17.3.5.9 M Yes 1 No
OF2.18 Packet duration calculation 17.3.5.10 M Yes A No U
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Item Feature References Status Support
OF2.19 CCA
OF2.19.1 CCA: RSSI 17.3.6 M Yes L No
OF2.19.2 CCA: indication to MAC sublayer 17.3.6 M Yes A No
OF2.20 PLCP data modulation and modulation 17.3.7 M Yes A No
rate change
OF3: PDM Operating Specification General
OF3.1 Occupied channel bandwidth 17.3.8.1 M Yes A No 4
OF3.2 Operating frequency range 17.3.8.2 M Yes A No
OF3.3 Channelization 17.3.8.3 M Yes A No 4
*OF3.3.1 Lower U-NII subband (5.15-5.25 GHz) 17.3.8.3 0.1 Yes L No
*OF3.3.2 Middle U-NII subband (5.25-5.35 GHz) 17.3.8.3 0.1 Yes 1 No
*0OF3.3.3 Upper U-NII subband (5.725-5.825 GHz) 17.3.8.3 0.1 Yes A No U
OF3.4 Number of operating channels 17.3.8.3 M Yes dNo
OF3.5 Operating channel frequencies 17.3.8.3 M Yes L No
OF3.6 Transmit and receive in band and out of 17.3.8.4 M Yes A No 4
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 A No 4
OF3.9 Transmit and receive antenna port 17.3.8.7 M Yes A No
impedance
OF3.10 Transmit and receive operating 17.3.8.8 M Yes [ No
temperature range
OF3.10.1 Type 1 (0 °C to 40 °C) 17.3.8.8 Yes A No
OF3.10.2 Type 2 (<20 °C to 50 °C) 17.3.8.8 Yes dNo O
OF3.10.3 Type 3 (=30 °C to 70 °C) 17.3.8.8 Yes I No
OF4: PMD Transmit Specification
OF4.1 Transmit power levels M Yes 1 No
OF4.1.1 Power level (5.15-5.25 GHz) 17.3.9.1 OF3.3.1:M Yes UNodN/A
OF4.1.2 Power level (5.25-5.35 GHz) 17.3.9.1 OF3.3.2:M Yes ANo I N/AQ
OF4.1.3 Power level (5.725-5.825 GHz) 17.3.9.1 OF3.3.3:M Yes I No IN/A
OF4.2 Spectrum mask 17.39.2 M Yes dNo
OF4.3 Spurious 17.3.9.3 M Yes A No 4
OF4.4 Center frequency tolerance 17.3.9.4 M Yes A No U
OF4.5 Clock frequency tolerance 17.3.9.5 M Yes A No
OF4.6 Modulation accuracy Yes L No
OF4.6.1 Center frequency leakage 17.3.9.6.1 M Yes A No 4
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Item Feature References Status Support
OF4.6.2 Spectral flatness 17.3.9.6.2 M Yes A No 4
OF4.6.3 Transmitter constellation error < -5 dB 17.3.9.6.3 M Yes A No
OF4.6.4 Transmitter constellation error < -8 dB 17.3.9.6.3 OF1.2.2:2M Yes A No dN/A D
OF4.6.5 Transmitter constellation error < —10 dB 17.3.9.6.3 M Yes A No 4
OF4.6.6 Transmitter constellation error < —13 dB 17.3.9.6.3 OF1.2.4:M Yes A No dN/A D
OF4.6.7 Transmitter constellation error < —16 dB 17.3.9.6.3 M Yes dNo
OF4.6.8 Transmitter constellation error < —19 dB 17.3.9.6.3 OF1.2.6:M Yes A No dN/A
OF4.6.9 Transmitter constellation error < —22 db 17.3.9.6.3 OF1.2.7:M Yes A No dAN/AQ
OF4.6.10 Transmitter constellation error < —25 dB 17.3.9.6.3 OF1.2.8:M Yes A No dN/A D

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 A No
OF5.1.2 —81 dBm for 9 Mbit/s 17.3.10.1 OF1.2.22M | Yes dNodN/AQ
OF5.1.3 79 dBm for 12 Mbit/s 17.3.10.1 M Yes A No 4
OF5.1.4 —77 dBm for 18 Mbit/s 17.3.10.1 OF1.2.4:M Yes A No dN/A
OF5.1.5 —74 dBm for 24 Mbit/s 17.3.10.1 M Yes A No
OF5.1.6 —70 dBm for 36 Mbit/s 17.3.10.1 OF1.2.6:M | Yes dNodN/AL
OF5.1.7 —66 dBm for 48 Mbit/s 17.3.10.1 OF1.2.7:M | Yes dNoHdN/AQ
OF5.1.8 —65 dBm for 54 Mbit/s 17.3.10.1 OF1.2.8:M Yes A No dN/A
OF5.2 Adjacent channel rejection 17.3.10.2 M Yes [ No
OF5.3 Non-adjacent channel rejection 17.3.10.3 M Yes L No 1
OF5.4 Maximum input level 17.3.10.4 M Yes A No
OF5.5 CCA sensitivity 17.3.10.5 M Yes A No

OF6: PLCP Transmit Procedure

OF6.1 Transmit: transmit on MAC request 17.3.13 M Yes A No

OF6.2. Transmit: format and data encoding 17.3.13 M Yes 1 No

OF6.3 Transmit: timing 17.3.13 M Yes A No 4

OF7: PLCP Receive Procedure
OF7.1 Receive: receive and data decoding 17.3.14 M Yes A No 4
OF8: PHY LME

OF8.1 PLME: support PLME_SAP 17.4.1 M Yes A No 4
management primitives

OF8.2 PLME: support PHY management 17.4.2 M Yes [ No
information base
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OF8.3 PLME: support PHY characteristics 17.4.3 M Yes A No 4
OF9: OFDM PMD Sublayer

OF9.1 PMD: support PMD_SAP peer-to-peer 17.54.1, M Yes A No 4

service primitives 17.5.5.1,

17.55.2
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
OF9.3.2 Parameter: RXD_UNIT 17543 M Yes A No
0OF9.3.3 Parameter: TXPWR_LEVEL 17.5.4.3 M Yes dNo
OF9.34 Parameter: RATE (12 Mbit/s) 17.5.4.3 M Yes dNo
0OF9.3.5 Parameter: RATE (24 Mbit/s) 17543 M Yes dNo
0OF9.3.6 Parameter: RATE (48 Mbit/s) 17.5.4.3 M Yes dNo
OF9.3.7 Parameter: RATE (72 Mbit/s) 17.5.4.3 O Yes dNo
OF9.3.8 Parameter: RSSI 17.5.4.3 M Yes A No
OF10: Geographic Area Specific Requirements

*OF10.1 Geographic areas 17.3.8.2, M Yes dNo U

17.3.8.3,

17.3.8.4,

17.3.9.3
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Annex D

(normative)

ASN.1 encoding of the MAC and PHY MIB

Add the following variables to the PHY MIB:

1. In “Major sections’” of Annex D, add the following text to the end of “PHY Attributes” section:
“_- dot11PhyOFDMTable ::= {dotllphy 11}

2. In “dot11PhyOperation TABLE” section of Annex D, update “dotl1 IPHY Type attribute” section as the following text:

“dotl IPHYType OBJECT-TYPE

SYNTAX INTEGER {fthss(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"

::= {dotl1PhyOperationEntry 1}

3. In Annex D, add the following text to the end of “dot11SupportedDataRateRx TABLE” section:
3t sk st sk sk sfe sk sk sk sk sk sk sk sk s sk ste sk sl sk sk sk st sk sk sk sk sk ske sk sk sk ste sk sl sk sk sk sk sk sk sk sk sk sk sk sk sk sie sk s sk sk sk sk sk skeoskeoskoskeoskeoskokoskosiokokokoskosk

-- * dot11PhyOFDM TABLE

3 she st s she sfe s she sfe st she sfe st sie she sfe e she st s she sfe sk she sfe sk she sfe s she she st she she st ke she sfe s she sfe s she sfe sk she sfe st she she st she sfe s she she sfeske she st e she st ke sk sfeoskeske sk

dot11PhyOFDMTable OBJECT-TYPE

SYNTAX SEQUENCE OF Dot11PhyOFDMEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

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

an Agent.”
2= {dotllphy 11}

dot11PhyOFDMEntry OBJECT-TYPE
SYNTAX Dotl1PhyOFDMEntry
MAX-ACCESS not-accessible
STATUS current

DESCRIPTION

“An entry in the dotl1PhyOFDM Table.

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

INDEX {ifIndex

::= {dot11PhyOFDMTable 1}

Dotl11PhyOFDMEntry ::= SEQUENCE {
dotl1CurrentFrequency INTEGER,
dotl1TIThreshold INTEGER,
dot11FrequencyBandsSupported}

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.”
::= {dotl IPhyOFDMEntry 1}

dot11TIThreshold

SYNTAX INTEGER32

MAX-ACCESS read-write

STATUS current

DESCRIPTION

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

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

dotl1FrequencyBandsSupported

SYNTAX INTEGER (1..7)

MAX-ACCESS read-only

STATUS current

DESCRIPTION

“The capability of the OFDM PHY implementation to operate in the three U-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.”
::= {dot11PhyOFDMEntry 3}

2 keske st sk sk st sk sk st sk sk sk sk sk s stk sk st sk sk st sk sk sk sk sk sk skeosk sk siesk sk stk sk stk sk stk sk sk sk sk sk sk sk sk skesk sk stk stk skeskokoskoskokoskeskokok ok

-- * End of dot11PhyOFDM TABLE

;;********************************************************************

4. In Annex D, update “compliance statements’ section as the following text:
sk sk sk st sk ske sk st sfe ske sk sk sfe sk sk sk sk ske sk sk sk ske sk st sfe sk sk st she sk sk sk sk ske sk sk sk sk sk sk sk ske sk sk ske sk sk sk sk ske sk sk sk sk ke skeoskeoske sk skeoskeosk sk skeoskeske sk skeskok

-- * 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 {

dotl1SMTbase

dotl IMACbase, dotl1CountersGroup,
dotl1SmtAuthenticationAlgorithms,
dotl1ResourceTypelD, dotl1PhyOperationComplianceGroup}

GROUP dot11PhyDSSSComplianceGroup

DESCRIPTION

“Implementation of this group is required when object

dotl11PHY Type has the value of dsss. This group is

mutually exclusive with the groups dotl1PhyIRComplianceGroup,
dot11PhyFHSSComplianceGroup and dotl 1PhyOFDMComplianceGroup.”

GROUP dotl1PhyIRComplianceGroup
DESCRIPTION
“Implementation of this group is required when object
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dotl11PHY Type has the value of irbaseband. This group is
mutually exclusive with the groups dotl1PhyDSSSComplianceGroup
dot11PhyFHSSComplianceGroup and dotl 1PhyOFDMComplianceGroup.”

GROUP dot11PhyFHSSComplianceGroup

DESCRIPTION

“Implementation of this group is required when object

dotl IPHY Type has the value of thss. This group is

mutually exclusive with the groups dotl1PhyDSSSComplianceGroup
dot11PhyIRComplianceGroup and dot11PhyOFDMComplianceGroup.”

GROUP dotl10FDMComplianceGroup

DESCRIPTION

“Implementation of this group is required when object

dotl11PHY Type has the value of ofdm. This group is

mutually exclusive with the groups dot11PhyDSSSComplianceGroup
dot11PhyIRComplianceGroup and dotl1PhyFHSSComplianceGroup.”

-- OPTIONAL-GROUPS {dotl1SMTprivacy, dotl IMACStatistics,
-- dotl1PhyAntennaComplianceGroup, dotl1PhyTxPowerComplianceGroup,

-- dot11PhyRegDomainsSupportGroup,
-- dotl1PhyAntennasListGroup, dotl 1PhyRateGroup}

::= {dotl1Compliances 1}

5. In “Groups - units of conformance” section of Annex D, add the following text to the end of “dot11CountersGroup”

“dot]11PhyOFDMComplianceGroup OBJECT-GROUP
OBJECTS {

dotl1CurrentFrequency:

dot11TIThreshold
dotl1FrequencyBandsSupported}
STATUS current
DESCRIPTION

“Attributes that configure the OFDM for IEEE 802.11.”
::= {dot11Groups 17}”

Copyright © 1999 IEEE. All rights reserved. 53
Authorized licensed use limited to: IEEE Staff. Downloaded on June 26,2023 at 17:16:57 UTC from IEEE Xplore. Restrictions apply.

64



IEEE
Std 802.11a-1999 SUPPLEMENT TO IEEE STANDARD FOR INFORMATION TECHNOLOGY —

Annex G

(informative)

Add Annex G (a new annex):

An example of encoding a frame for OFDM PHY

G.1 Introduction

The purpose of this annex is to show an example of encoding a frame for the OFDM PHY, as described 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:

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

b)  Generating the long preamble sequence section of the preamble;

¢)  Generating the SIGNAL field bits;

d) Coding and interleaving the SIGNAL field bits;

e) Mapping the SIGNAL field into frequency domain;

f)  Pilot insertion;

g) Transforming into time domain;

h)  Delineating the data octet stream into a bit stream;

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

k)  Encoding the DATA with a convolutional encoder and puncturing;

I)  Mapping into complex 16-QAM symbols;

m) Pilot insertion;

n) Transforming from frequency to time and adding a circular prefix;

0) 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.

a)  Use of several bits per symbol (4 in our case);

b)  Puncturing of the convolutional code;

¢) Interleaving, which uses the LSB-MSB swapping stage;
d)  Scrambling of the pilot subcarriers.
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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 dé 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
46...50 64 69 76 69 6e
51...55 69 74 79 2c Oa
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 Oa 46 69 72 65
81...55 2d 69 6e 73 69
86...60 72 65 64 20 77
91...55 65 20 74 72 65
96...100 61 da 57 99 ed
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G.3 Generation of the preamble

G.3.1 Generation of the short sequences

The short sequences section of the preamble is described by its frequency domain representation, given in
Table G.2.

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

## Re Im ## Re Im ## Re Im ## Re Im
=32 1 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 | 1.472 —-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 0.0 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 1 0.0 0.0 -9 0.0 0.0 7 0.0 0.0 23 0.0 0.0
24 | 1472 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
-21 100 0.0 =5 0.0 0.0 11 0.0 0.0 27 0.0 0.0
—20 | —-1.472 | 1472 —4 1.472 -1.472 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 -1 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 in Table G.3.
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Table G.3—One period of IFFT of the short sequences

#HH Re Im #HH Re Im ##H Re Im #H Re Im
0 0.046 0.046 16 0.046 0.046 32 0.046 0.046 48 0.046 0.046
1 -0.132 | 0.002 17 -0.132 | 0.002 33 -0.132 | 0.002 49 -0.132 | 0.002

2 0.013 -0.079 18 -0.013 | -0.079 34 -0.013 | -0.079 50 -0.013 | -0.079

3 0.143 -0.013 19 0.143 -0.013 35 0.143 -0.013 51 0.143 -0.013

4 0.092 0.000 20 0.092 0.000 36 0.092 0.000 52 0.092 0.000

5 0.143 -0.013 21 0.143 -0.013 37 0.143 -0.013 53 0.143 -0.013

6 -0.013 | -0.079 22 -0.013 | -0.079 38 -0.013 | -0.079 54 -0.013 | -0.079
7 -0.132 | 0.002 23 -0.132 | 0.002 39 -0.132 | 0.002 55 -0.132 | 0.002

8 0.046 0.046 24 0.046 0.046 40 0.046 0.046 56 0.046 0.046

9 0.002 -0.132 25 0.002 -0.132 41 0.002 -0.132 57 0.002 -0.132

10 -0.079 | -0.013 26 -0.079 | -0.013 42 -0.079 | -0.013 58 -0.079 | -0.013
11 -0.013 | 0.143 27 -0.013 | 0.143 43 -0.013 | 0.143 59 -0.013 | 0.143
12 0.000 0.092 28 0.000 0.092 44 0.000 0.092 60 0.000 0.092
13 -0.013 | 0.143 29 -0.013 | 0.143 45 -0.013 | 0.143 61 -0.013 | 0.143

14 -0.079 | -0.013 30 -0.079 | -0.013 46 -0.079 | -0.013 62 -0.079 | -0.013

15 0.002 0.132 31 0.002 -0.132 47 0.002 -0.132 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:

0.5 k=0
Wk) =11 1<k=<16
0.5 k =60

The last sample serves 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 sequences

## Re Im ## Re Im ## Re Im ## Re Im
0 0.023 0.023 40 |0.046 |0.046 80 10.046 0.046 120 |0.046 0.046
1 -0.132 1 0.002 41 ]0.002 |-0.132 81 [-0.132 |0.002 121 10.002 |-0.132
2 -0.013 |-0.079 42 |-0.079 |-0.013 82 |-0.013 |-0.079 122 |-0.079 |-0.013
3 0.143 -0.013 43 |-0.013 |0.143 83 10.143 -0.013 123 |-0.013 |0.143
4 0.092 |0.000 44 10.000 0.092 84 10.092 0.000 124 10.000 0.092
5 0.143 -0.013 45 |-0.013 ]0.143 85 10.143 -0.013 125 |-0.013 ]0.143
6 -0.013 |-0.079 46 |-0.079 |-0.013 86 |-0.013 |-0.079 126 |-0.079 |-0.013
7 -0.132 10.002 47 10.002 |-0.132 87 [-0.132 |0.002 127 10.002 |-0.132
8 0.046 |0.046 48 10.046 |0.046 88 10.046 0.046 128 |0.046 0.046
9 0.002 |-0.132 49 | -0.132 ]0.002 89 10.002 |-0.132 129 |-0.132 |0.002
10 |-0.079 |-0.013 50 |-0.013 |-0.079 90 |-0.079 |-0.013 130 |-0.013 |-0.079
11 1-0.013 |0.143 51 {0.143 -0.013 91 |-0.013 |0.143 131 10.143 -0.013
12 10.000 |0.092 52 10.092 |0.000 92 10.000 ]0.092 132 10.092 |0.000
13 1-0.013 |0.143 53 {0.143 -0.013 93 |-0.013 |0.143 133 10.143 -0.013
14 |1-0.079 |-0.013 54 |-0.013 |-0.079 94 |-0.079 |-0.013 134 |-0.013 |-0.079
15 |0.002 |-0.132 55 |-0.132 ]0.002 95 10.002 |-0.132 135 |-0.132 |0.002
16 0.046 |0.046 56 10.046 |0.046 96 |0.046 |0.046 136 |0.046 |0.046
17 1-0.132 |0.002 57 10.002 |-0.132 97 |-0.132 |0.002 137 10.002 |-0.132
18 |-0.013 |-0.079 58 |-0.079 |-0.013 98 |-0.013 |-0.079 138 |-0.079 |-0.013
19 10.143 |-0.013 59 |-0.013 ]0.143 99 10.143 |-0.013 139 |-0.013 |0.143
20 [0.092 |0.000 60 |0.000 0.092 100 |0.092 0.000 140 |0.000 0.092
21 0.143 -0.013 61 |-0.013 |0.143 101 |0.143 -0.013 141 |-0.013 ]0.143
22 |-0.013 |-0.079 62 |-0.079 |-0.013 102 |-0.013 |-0.079 142 | -0.079 |-0.013
23 [-0.132 |0.002 63 [0.002 |-0.132 103 |-0.132 |0.002 143 10.002 |-0.132
24 10.046 |0.046 64 |0.046 |0.046 104 |0.046 0.046 144 | 0.046 0.046
25 10.002 |-0.132 65 |-0.132 |0.002 105 |0.002 |-0.132 145 |-0.132 |0.002
26 |-0.079 |-0.013 66 |-0.013 |-0.079 106 |-0.079 |-0.013 146 |-0.013 |-0.079
27 |-0.013 |0.143 67 10.143 -0.013 107 |-0.013 |0.143 147 10.143 -0.013
28 10.000 0.092 68 10.092 0.000 108 |0.000 0.092 148 |0.092 0.000
29 |-0.013 |0.143 69 10.143 -0.013 109 |-0.013 |0.143 149 |0.143 |-0.013
30 |-0.079 |-0.013 70 |-0.013 |-0.079 110 |-0.079 |-0.013 150 |-0.013 |-0.079
31 0.002 |-0.132 71 |-0.132 |0.002 111 |0.002 |-0.132 151 |-0.132 |0.002
32 10.046 |0.046 72 10.046 ]0.046 112 |0.046 |0.046 152 |0.046 |0.046
33 [-0.132 |0.002 73 10.002 |-0.132 113 |-0.132 |0.002 153 10.002 -0.132
34 |-0.013 |-0.079 74 |-0.079 |-0.013 114 |-0.013 |-0.079 154 |-0.079 |-0.013
35 10.143 |-0.013 75 |-0.013 ]0.143 115 |0.143 |-0.013 155 |-0.013 ]0.143
36 [0.092 |0.000 76 | 0.000 0.092 116 10.092 |0.000 156 |0.000 0.092
37 10.143 -0.013 77 |-0.013 |0.143 117 10.143 -0.013 157 |-0.013 |0.143
38 |-0.013 |-0.079 78 |-0.079 |-0.013 118 |-0.013 |-0.079 158 |-0.079 |-0.013
39 [-0.132 |0.002 79 10.002 |-0.132 119 |-0.132 |0.002 159 10.002 |-0.132

160 |0.023 0.023
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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 0.000 0 0.000 0.000 16 1.000 0.000
-31 | 0.000 0.000 -15 | 1.000 0.000 1 1.000 0.000 17 -1.000 | 0.000
-30 | 0.000 0.000 -14 | 1.000 0.000 2 -1.000 | 0.000 18 -1.000 | 0.000
-29 | 0.000 0.000 -13 | 1.000 0.000 3 -1.000 | 0.000 19 1.000 0.000
—28 | 0.000 0.000 -12 | 1.000 0.000 4 1.000 0.000 20 | -1.000 | 0.000
-27 | 0.000 0.000 -11 | =1.000 | 0.000 5 1.000 0.000 21 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 | 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

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.

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 0 is transmitted first.

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

## Re Im ## Re Im ## Re Im ## Re Im
0 -0.078 |0.000 40 0.098 -0.026 80 0.062 0.062 120 |[-0.035 |-0.151
1 0.012 —0.098 41 0.053 0.004 81 0.119 0.004 121 |-0.122 |-0.017
2 0.092 -0.106 42 0.001 -0.115 82 -0.022 |-0.161 122 |-0.127 |-0.021
3 -0.092 |-0.115 43 -0.137 |-0.047 83 0.059 0.015 123 10.075 -0.074
4 -0.003 |-0.054 44 0.024 -0.059 84 0.024 0.059 124 |-0.003 |0.054
5 0.075 0.074 45 0.059 -0.015 85 -0.137 10.047 125 |-0.092 |0.115
6 -0.127 10.021 46 -0.022 |0.161 86 0.001 0.115 126 |0.092 0.106
7 -0.122 10.017 47 0.119 -0.004 87 0.053 -0.004 127 10.012 0.098
8 -0.035 |0.151 48 0.062 -0.062 88 0.098 0.026 128 | -0.156 |0.000
9 -0.056 |0.022 49 0.037 0.098 89 -0.038 |0.106 129 10.012 -0.098
10 -0.060 |-0.081 50 -0.057 10.039 90 -0.115 |0.055 130 |0.092 -0.106
11 0.070 -0.014 51 -0.131 |0.065 91 0.060 0.088 131 [-0.092 |-0.115
12 0.082 -0.092 52 0.082 0.092 92 0.021 -0.028 132 |-0.003 |-0.054
13 -0.131 |-0.065 53 0.070 0.014 93 0.097 -0.083 133 10.075 0.074
14 -0.057 |-0.039 54 -0.060 |0.081 94 0.040 0.111 134 |-0.127 |0.021
15 0.037 -0.098 55 -0.056 |-0.022 95 -0.005 |0.120 135 |-0.122 |0.017
16 0.062 0.062 56 -0.035 |-0.151 96 0.156 0.000 136 |-0.035 |0.151
17 0.119 0.004 57 -0.122 |-0.017 97 -0.005 |-0.120 137 |-0.056 |0.022
18 -0.022 |-0.161 58 -0.127 |-0.021 98 0.040 -0.111 138 |-0.060 |-0.081
19 0.059 0.015 59 0.075 -0.074 99 0.097 0.083 139 10.070 -0.014
20 0.024 0.059 60 -0.003 |0.054 100 {0.021 0.028 140 ]0.082 -0.092
21 -0.137 10.047 61 -0.092 |0.115 101 | 0.060 -0.088 141 |-0.131 |-0.065
22 0.001 0.115 62 0.092 0.106 102 |-0.115 |-0.055 142 | -0.057 |-0.039
23 0.053 -0.004 63 0.012 0.098 103 |-0.038 |-0.106 143 10.037 —0.098
24 0.098 0.026 64 -0.156 |0.000 104 |0.098 -0.026 144 10.062 0.062
25 -0.038 |0.106 65 0.012 -0.098 105 |0.053 0.004 145 10.119 0.004
26 -0.115 |0.055 66 0.092 -0.106 106 {0.001 -0.115 146 |-0.022 |-0.161
27 0.060 0.088 67 -0.092 |-0.115 107 |-0.137 |-0.047 147 10.059 0.015
28 0.021 -0.028 68 -0.003 |-0.054 108 10.024 -0.059 148 10.024 0.059
29 0.097 -0.083 69 0.075 0.074 109 10.059 -0.015 149 |-0.137 |0.047
30 0.040 0.111 70 -0.127 10.021 110 |[-0.022 |0.161 150 {0.001 0.115
31 -0.005 |0.120 71 -0.122 |0.017 111 ]0.119 -0.004 151 |0.053 -0.004
32 0.156 0.000 72 -0.035 |0.151 112 10.062 -0.062 152 10.098 0.026
33 -0.005 |-0.120 73 -0.056 |0.022 113 |0.037 0.098 153 |-0.038 |0.106
34 0.040 -0.111 74 -0.060 |-0.081 114 |-0.057 |0.039 154 |-0.115 |0.055
35 0.097 0.083 75 0.070 -0.014 115 [-0.131 |0.065 155 10.060 0.088
36 0.021 0.028 76 0.082 -0.092 116 |0.082 0.092 156 {0.021 -0.028
37 0.060 -0.088 77 -0.131 |-0.065 117 10.070 0.014 157 10.097 -0.083
38 -0.115 |-0.055 78 -0.057 |-0.039 118 [-0.060 |0.081 158 10.040 0.111
39 -0.038 |-0.106 79 0.037 —0.098 119 |-0.056 |-0.022 159 |-0.005 |0.120

160 |0.078 0
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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
7 1 — 19 0 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

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 interleaver 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.

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.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

Table G.10—Frequency domain representation of SIGNAL field

## Re Im ## Re Im #H# Re Im ## Re Im
-32 | 0.000 0.000 -16 | 1.000 0.000 0 0.000 0.000 16 —-1.000 | 0.000
=31 | 0.000 0.000 -15 | -1.000 | 0.000 1 1.000 0.000 17 —-1.000 | 0.000
-30 | 0.000 0.000 -14 | 1.000 0.000 2 —-1.000 | 0.000 18 1.000 0.000
-29 | 0.000 0.000 -13 | -1.000 | 0.000 3 —-1.000 | 0.000 19 —-1.000 | 0.000
—28 | 0.000 0.000 -12 | -1.000 | 0.000 4 —-1.000 | 0.000 20 -1.000 | 0.000
—27 | 0.000 0.000 -11 | -1.000 | 0.000 5 —-1.000 | 0.000 21 X X
-26 | 1.000 0.000 -10 | -1.000 | 0.000 6 —-1.000 | 0.000 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 | 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

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 values are given in Table G.11.
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Table G.11—Frequency domain representation of SIGNAL field with pilots inserted

## Re Im ## Re Im ## Re Im ## Re Im
-32 | 0.000 0.000 -16 | 1.000 0.000 0 0.000 0.000 16 —-1.000 | 0.000
=31 | 0.000 0.000 —-15 | -1.000 | 0.000 1 1.000 0.000 17 -1.000 | 0.000
-30 | 0.000 0.000 —14 | 1.000 0.000 2 —-1.000 | 0.000 18 1.000 0.000
-29 | 0.000 0.000 -13 | -1.000 | 0.000 3 —-1.000 | 0.000 19 —-1.000 | 0.000
-28 | 0.000 0.000 -12 | -1.000 | 0.000 4 —-1.000 | 0.000 20 —1.000 | 0.000
=27 | 0.000 0.000 -11 | -1.000 | 0.000 5 -1.000 | 0.000 21 —-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 | 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

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

0.5 k=0
W(k) = | 1 1<k=<8
0.5 k=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.

The SIGNAL field samples are appended with one sample overlap to the preamble, given in Table G.6.
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Table G.12—Time domain representation of SIGNAL field

## Re Im ## Re Im ## Re Im ## Re Im
0 0.031 0.000 20 0.010 -0.097 40 -0.035 | 0.044 60 -0.051 | 0.202
1 0.033 -0.044 21 -0.060 | -0.124 41 0.017 -0.059 61 0.035 -0.116
2 -0.002 | -0.038 22 —0.033 | -0.044 42 0.053 -0.017 62 0.016 -0.174
3 -0.081 | 0.084 23 0.011 0.002 43 0.099 0.100 63 0.057 —-0.052
4 0.007 -0.100 24 0.098 0.044 44 0.034 —0.148 64 0.062 0.000
5 -0.001 | -0.113 25 0.136 0.105 45 -0.003 | -0.094 65 0.033 -0.044
6 -0.021 | -0.005 26 -0.021 | 0.005 46 —-0.120 | 0.042 66 -0.002 | -0.038
7 0.136 —-0.105 27 -0.001 | 0.113 47 -0.136 | -0.070 67 -0.081 | 0.084
8 0.098 -0.044 28 0.007 0.100 48 -0.031 | 0.000 68 0.007 —-0.100
9 0.011 -0.002 29 -0.081 | -0.084 49 -0.136 | 0.070 69 -0.001 | -0.113
10 -0.033 | 0.044 30 -0.002 | 0.038 50 -0.120 | -0.042 70 -0.021 | -0.005
11 -0.060 | 0.124 31 0.033 0.044 51 —-0.003 | 0.094 71 0.136 —-0.105
12 0.010 0.097 32 0.062 0.000 52 0.034 0.148 72 0.098 -0.044
13 0.000 -0.008 33 0.057 0.052 53 0.099 -0.100 73 0.011 -0.002
14 0.018 —-0.083 34 0.016 0.174 54 0.053 0.017 74 -0.033 | 0.044
15 -0.069 | 0.027 35 0.035 0.116 55 0.017 0.059 75 —-0.060 | 0.124
16 -0.219 | 0.000 36 -0.051 | -0.202 56 -0.035 | -0.044 76 0.010 0.097
17 -0.069 | -0.027 37 0.011 0.036 57 -0.049 | 0.008 71 0.000 —0.008
18 0.018 0.083 38 0.089 0.209 58 0.089 -0.209 78 0.018 —0.083
19 0.000 0.008 39 —0.049 | -0.008 59 0.011 —-0.036 79 -0.069 | 0.027
80 -0.109 | 0.000

G.5 Generating the DATA bits
G.5.1 Delineating, SERVICE field prepending, and zero padding

The transmitted message shown in Table G.1 contains 100 octets or, equivalently, 800 bits. The bits are
prepended by the 16 SERVICE field bits and are appended by 6 tail bits. The resulting 822 bits are appended
by zero bits to yield an integer number of OFDM symbols. For the 36 Mbit/s mode, there are 144 data bits
per OFDM symbol; the overall number of bits is ceil (822/6) x 144 = 864. Hence, 864 — 822 = 42 zero bits
are appended.

The data bits are shown in Table G.13 and Table G.14. For clarity, only the first and last 144 bits are shown.
G.5.2 Scrambling

The 864 bits are scrambled by the scrambler of Figure 113. The initial state of the scrambler is the state
1011101. The generated scrambling sequence is given in Table G.15.
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Table G.13—First 144 DATA bits
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## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
0 0 24 0 48 0 72 1 96 0 120 | 1
1 0 25 1 49 0 73 0 97 0 121 | O
2 0 26 0 50 0 74 1 98 0 122 | 0
3 0 27 0 51 0 75 1 99 0 123 | 0
4 0 28 0 52 0 76 0 100 | O 124 | 0
5 0 29 0 53 0 77 0 101 | O 125 | 0
6 0 30 0 54 0 78 1 102 | 0 126 | O
7 0 31 0 55 0 79 1 103 | O 127 | 0
8 0 32 0 56 0 80 1 104 | O 128 | 0
9 0 33 0 57 0 81 1 105 | O 129 | 0
10 0 34 0 58 0 82 1 106 | O 130 | 1
11 0 35 0 59 0 83 0 107 | O 131 | 1
12 0 36 0 60 0 84 1 108 | O 132 | 1
13 0 37 0 61 1 85 1 109 | 1 133 | 1
14 0 38 0 62 1 86 0 110 | O 134 | 0
15 0 39 0 63 0 87 0 111 | 0 135 | 0
16 0 40 0 64 0 88 0 112 | 0 136 | 1
17 0 41 1 65 0 89 1 113 | 1 137 | O
18 1 42 1 66 0 90 1 114 | 1 138 | 0
19 0 43 1 67 1 91 0 115 | 0 139 | O
20 0 44 0 68 0 92 0 116 | 1 140 | 1
21 0 45 1 69 0 93 1 117 | 0 141 | 1
22 0 46 0 70 0 94 0 118 | 1 142 | 1
23 0 47 0 71 0 95 1 119 | 1 143 | 1
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Table G.14—Last 144 DATA bits

## Bit ## Bit ## Bit ## Bit ## Bit ## Bit
720 0 744 0 768 1 792 1 816 0 840 0
721 0 745 0 769 0 793 1 817 0 841 0
722 0 746 0 770 1 794 1 818 0 842 0
723 0 747 0 771 0 795 0 819 0 843 0
724 0 748 0 772 0 796 1 820 0 844 0
725 1 749 1 773 1 797 0 821 0 845 0
726 0 750 0 774 1 798 1 822 0 846 0
727 0 751 0 775 0 799 0 823 0 847 0
728 1 752 0 776 1 800 1 824 0 848 0
729 1 753 0 777 0 801 0 825 0 849 0
730 1 754 1 778 0 802 0 826 0 850 0
731 0 755 0 779 0 803 1 827 0 851 0
732 1 756 1 780 0 804 1 828 0 852 0
733 1 757 1 781 1 805 0 829 0 853 0
734 1 758 1 782 1 806 0 830 0 854 0
735 0 759 0 783 0 807 1 831 0 855 0
736 1 760 0 784 0 808 1 832 0 856 0
737 0 761 1 785 1 809 0 833 0 857 0
738 1 762 0 786 0 810 1 834 0 858 0
739 0 763 0 787 1 811 1 835 0 859 0
740 0 764 1 788 1 812 0 836 0 860 0
741 1 765 1 789 0 813 1 837 0 861 0
742 1 766 1 790 1 814 1 838 0 862 0
743 0 767 0 791 1 815 1 839 0 863 0
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0 0 16 | 1 32 |0 48 |1 64 | 0 80 | 0 96 0 112 | 1
1 1 17 | 0 33 |1 49 |1 65 |1 &1 | 0 97 0 113 | 0
2 1 18 |1 34 |1 50 |1 66 | 1 82 | 1 98 1 114 | 0
3 0 19 | 0 35 |0 51 | 1 67 |1 83 | 1 99 0 115 | 1
4 1 20 |1 36 |1 52 |0 68 | 0 84 | 1 100 | O 116 | 1
5 1 21 | O 37 |0 53 | 1 69 | 0 8 | 0 101 | 1 117 | 0
6 0 22 |0 38 |0 54 |0 70 | 0 86 | 1 102 | O 118 | 0
7 0 23 |1 39 |0 55 | 0 71 |1 87 |1 103 | O 119 | O
8 0 24 |1 40 | O 56 | 1 72 |1 88 | 1 104 | O 120 | 1
9 0 25 | 1 41 |1 57 |0 73 |1 89 |1 105 | O 121 | 0
10 |0 26 | 0O 42 |0 58 | 1 74 |1 90 | 0 106 | O 122 | 1
1 |1 27 |0 43 |1 59 |0 75 |1 91 | O 107 | O 123 | 1
12 |1 28 |1 44 | 0 60 | 0 76 |1 92 | 1 108 | 1 124 | 1
13 10 29 |1 45 |1 61 |0 77 |1 93 | 0 109 | O 125 | 0
14 |0 30 |1 46 | 0 62 |1 78 | 0 94 |1 110 | O 126 | 1
15 |1 31 |1 47 |1 63 | 1 79 | 0 95 | 1 111 | O
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After scrambling, the 6 bits in location 816 (i.e., the g17th bit) to 821 (the g2ond bit) are zeroed. The first and
last 144 scrambled bits are shown in Table G.16 and Table G.17, respectively.

Table G.16 —First 144 bits after scrambling

## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
0 0 24 1 48 1 72 0 96 0 120 | O
1 1 25 0 49 1 73 1 97 0 121 | O
2 1 26 0 50 1 74 0 98 1 122 | 1
3 0 27 0 51 1 75 0 99 0 123 | 1
4 1 28 1 52 0 76 1 100 | O 124 | 1
5 1 29 1 53 1 77 1 101 | 1 125 | 0
6 0 30 1 54 0 78 1 102 | O 126 | 1
7 0 31 1 55 0 79 1 103 | 0 127 | 0
8 0 32 0 56 1 80 1 104 | O 128 | 1
9 0 33 1 57 0 81 1 105 | O 129 | 1
10 0 34 1 58 1 82 0 106 | O 130 | 1
11 1 35 0 59 0 83 1 107 | 0 131 | 0
12 1 36 1 60 0 84 0 108 | 1 132 | 0
13 0 37 0 61 1 85 1 109 | 1 133 | 1
14 0 38 0 62 0 86 1 110 | O 134 | 0
15 1 39 0 63 1 87 1 111 | 0 135 | 0
16 1 40 0 64 0 88 1 112 | 1 136 | 1
17 0 41 0 65 1 89 0 113 | 1 137 | 0
18 0 42 1 66 1 90 1 114 | 1 138 | 1
19 0 43 0 67 0 91 0 115 | 1 139 | 1
20 1 44 0 68 0 92 1 116 | O 140 | 1
21 0 45 0 69 0 93 1 117 | 0 141 | 1
22 0 46 0 70 0 94 1 118 | 1 142 | 0
23 1 47 1 71 1 95 0 119 | 1 143 | 0

G.6.1 Coding the DATA bits

The scrambled bits are coded with a rate €2 convolutional code. The first 144 scrambled bits of Table G.16
are mapped into the 192 bits of Table G.18.
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Table G.17—Last 144 bits after scrambling

## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
720 0 744 0 768 1 792 0 816 0 840 0
721 1 745 0 769 0 793 0 817 0 841 0
722 1 746 0 770 1 794 1 818 0 842 0
723 1 747 1 771 0 795 1 819 0 843 0
724 1 748 0 772 0 796 0 820 0 844 1
725 1 749 1 773 0 797 0 821 0 845 1
726 0 750 1 774 0 798 0 822 0 846 1
727 1 751 1 775 0 799 0 823 0 847 0
728 1 752 0 776 1 800 1 824 1 848 1
729 0 753 0 777 1 801 0 825 1 849 1
730 0 754 1 778 1 802 0 826 0 850 1
731 0 755 1 779 0 803 0 827 1 851 1
732 1 756 1 780 1 804 1 828 1 852 0
733 0 757 0 781 1 805 1 829 1 853 0
734 1 758 0 782 0 806 0 830 0 854 1
735 0 759 1 783 0 807 0 831 0 855 0
736 0 760 0 784 0 808 1 832 0 856 1
737 0 761 0 785 0 809 1 833 1 857 1
738 1 762 0 786 1 810 0 834 1 858 0
739 0 763 1 787 0 811 0 835 1 859 0
740 0 764 0 788 1 812 1 836 1 860 1
741 1 765 1 789 0 813 0 837 1 861 0
742 1 766 0 790 0 814 1 838 1 862 0
743 1 767 1 791 0 815 0 839 1 863 1

G.6.2 Interleaving the DATA bits

The interleaver is defined as a two-permutation process. We shall denote by k the index of the coded bit
before the first permutation; i shall be the index after the first and before the second permutation; and j shall
be the index after the second permutation, just prior to modulation mapping. The mapping from k to i is
shown in Table G.19, and the mapping from i to j is shown in Table G.20.

As a specific example, consider the case of k = 17 (the 18™ bit after encoding and puncturing). It is mapped
by the first permutation to i = 13 and by the second permutation to j = 12 (the 13™ bit before mapping).

The interleaved bits are shown in Table G.21.
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Table G.18 —Coded bits of first DATA symbol

## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
0 0 32 1 64 |0 96 1 128 | 1 160 | 1
1 0 33 0 65 1 97 0 129 | 1 161 | 1
2 1 34 0 66 |0 98 0 130 | O 162 | 1
3 0 35 1 67 0 99 0 131 | O 163 | 0
4 1 36 1 68 1 100 | 1 132 |0 164 | 0
5 0 37 1 69 0 101 | 1 133 | 0 165 | 0
6 1 38 0 70 1 102 | 1 134 | 0 166 | 0
7 1 39 1 71 0 103 | 1 135 |0 167 | 0
8 0 40 1 72 1 104 | 1 136 | O 168 | 1
9 0 41 0 73 1 105 | 1 137 | 1 169 | 1
10 0 42 1 74 1 106 | O 138 | 0 170 | O
11 0 43 1 75 1 107 | O 139 | 0 171 | 1
12 1 44 0 76 1 108 | O 140 | O 172 | 0
13 0 45 1 77 0 109 | 0 141 | O 173 | 0
14 0 46 0 78 1 110 | O 142 | 1 174 | 1
15 0 47 1 79 1 111 |0 143 | 1 175 | 1
16 1 48 1 80 1 112 | 1 144 | 1 176 | 1
17 0 49 0 81 1 113 | 1 145 | 1 177 | 1
18 1 50 0 82 1 114 | 0 146 | 1 178 | 1
19 0 51 1 83 0 115 10 147 | 0 179 | 0
20 0 52 1 84 1 116 | 1 148 | O 180 | 1
21 0 53 0 85 0 117 | 0 149 | 0 181 | 0
22 0 54 1 86 | 0 118 | O 150 | O 182 | 1
23 1 55 0 87 0 119 | 0 151 |0 183 | 1
24 1 56 0 88 1 120 | O 152 |0 184 | 1
25 1 57 0 89 1 121 | 1 153 | 0 185 | 0
26 1 58 0 90 0 122 | 1 154 |0 186 | 1
27 1 59 1 91 0 123 | 1 155 | 1 187 | 1
28 0 60 1 92 |0 124 | 0 156 | 1 188 | 0
29 0 61 1 93 0 125 | 0 157 | 0 189 | 0
30 0 62 0 94 1 126 | 1 158 | 0 190 | 1
31 0 63 1 95 0 127 | 1 159 | 1 191 | O
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Table G.19—First permutation

0 0 24 | 97 48 | 3 72 | 100 96 6 120 | 103 144 | 9 168 | 106

1 12 25 | 109 49 | 15 73 | 112 97 18 121 | 115 145 | 21 169 | 118

2 24 26 | 121 50 | 27 74 | 124 98 30 122 | 127 146 | 33 170 | 130

3 36 27 | 133 51 | 39 75 | 136 99 42 123 | 139 147 | 45 171 | 142

4 48 28 | 145 52 | 51 76 | 148 100 | 54 124 | 151 148 | 57 172 | 154

5 60 29 | 157 53 | 63 77 | 160 101 | 66 125 | 163 149 | 69 173 | 166

6 72 30 | 169 54 |75 78 | 172 102 | 78 126 | 175 150 | 81 174 | 178
7 84 31 | 181 55 | 87 79 | 184 103 | 90 127 | 187 151 | 93 175 | 190

8 96 32 | 2 56 | 99 80 | 5 104 | 102 128 | 8 152 | 105 176 | 11

9 108 33 | 14 57 | 111 81 | 17 105 | 114 129 | 20 153 | 117 177 | 23

10 | 120 34 | 26 58 | 123 82 |29 106 | 126 130 | 32 154 | 129 178 | 35

11 ] 132 35 | 38 59 | 135 83 | 41 107 | 138 131 | 44 155 | 141 179 | 47

12 | 144 36 | 50 60 | 147 84 | 53 108 | 150 132 | 56 156 | 153 180 | 59

13 | 156 37 | 62 61 | 159 85 | 65 109 | 162 133 | 68 157 | 165 181 | 71

14 | 168 38 | 74 62 | 171 86 | 77 110 | 174 134 | 80 158 | 177 182 | 83

15 | 180 39 | 86 63 | 183 87 | 89 111 | 186 135 | 92 159 | 189 183 | 95

16 |1 40 | 98 64 | 4 88 | 101 112 | 7 136 | 104 160 | 10 184 | 107

17 | 13 41 | 110 65 | 16 89 | 113 113 | 19 137 | 116 161 | 22 185 | 119

18 | 25 42 | 122 66 | 28 90 | 125 114 | 31 138 | 128 162 | 34 186 | 131

19 | 37 43 | 134 67 | 40 91 | 137 115 | 43 139 | 140 163 | 46 187 | 143

20 | 49 44 | 146 68 | 52 92 | 149 116 | 55 140 | 152 164 | 58 188 | 155

21 | 61 45 | 158 69 | 64 93 | 161 117 | 67 141 | 164 165 | 70 189 | 167

22 | 73 46 | 170 70 | 76 9 | 173 118 | 79 142 | 176 166 | 82 190 | 179

23 | 85 47 | 182 71 | 88 95 | 185 119 | 91 143 | 188 167 | 94 191 | 191

G.6.3 Mapping into symbols

The frequency domain symbols are generated by grouping 4 coded bits and mapping into complex 16-QAM
symbols according to Table 84. For instance, the first 4 bits (0 1 1 1) are mapped to the complex value,
—0.316 + 0.316j, inserted at subcarrier #26.

Four pilot subcarriers are added by taking the values {1.0,1.0,1.0,—1.0}, multiplying them by the second ele-
ment of sequence p, given in Equation (22), and inserting them into location {-21,-7,7,21}, respectively.

The frequency domain is shown in Table G.22.
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Table G.20—Second permutation

0 0 24 | 24 48 | 48 72 | 72 96 96 120 | 120 144 | 144 168 | 168

1 1 25 | 25 49 | 49 73 | 73 97 97 121 | 121 145 | 145 169 | 169

2 26 | 26 50 | 50 74 | 74 98 98 122 | 122 146 | 146 170 | 170

2
3 3 27 | 27 51 | 51 75 | 75 99 99 123 | 123 147 | 147 171 | 171
4 4 28 | 28 52 | 52 76 | 76 100 | 100 124 | 124 148 | 148 172 | 172

5 5 29 | 29 53 | 53 77 77 101 | 101 125 | 125 149 | 149 173 | 173

6 6 30 | 30 54 | 54 78 | 78 102 | 102 126 | 126 150 | 150 174 | 174
7 31 | 31 55 | 55 79 | 79 103 | 103 127 | 127 151 | 151 175 | 175

8 8 32 | 32 56 | 56 80 | 80 104 | 104 128 | 128 152 | 152 176 | 176

9 9 33 | 33 57 | 57 81 | 81 105 | 105 129 | 129 153 | 153 177 | 177

10 | 10 34 | 34 58 | 58 82 | 82 106 | 106 130 | 130 154 | 154 178 | 178

11 | 11 35 | 35 59 | 59 83 | 83 107 | 107 131 | 131 155 | 155 179 | 179

12 | 13 36 | 37 60 | 61 84 | 85 108 | 109 132 | 133 156 | 157 180 | 181

13 | 12 37 | 36 61 | 60 85 | 84 109 | 108 133 | 132 157 | 156 181 | 180

14 | 15 38 | 39 62 | 63 86 | 87 110 | 111 134 | 135 158 | 159 182 | 183

15 | 14 39 | 38 63 | 62 87 | 86 111 | 110 135 | 134 159 | 158 183 | 182

16 | 17 40 | 41 64 | 65 88 | 89 112 | 113 136 | 137 160 | 161 184 | 185

17 | 16 41 | 40 65 | 64 89 | 88 113 | 112 137 | 136 161 | 160 185 | 184

18 | 19 42 | 43 66 | 67 90 | 91 114 | 115 138 | 139 162 | 163 186 | 187

19 | 18 43 | 42 67 | 66 91 | 90 115 | 114 139 | 138 163 | 162 187 | 186

20 | 21 44 | 45 68 | 69 92 | 93 116 | 117 140 | 141 164 | 165 188 | 189

21 | 20 45 | 44 69 | 68 93 | 92 117 | 116 141 | 140 165 | 164 189 | 188

22 | 23 46 | 47 70 | 71 94 | 95 118 | 119 142 | 143 166 | 167 190 | 191

23 | 22 47 | 46 71 | 70 95 | 94 119 | 118 143 | 142 167 | 166 191 | 190
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## | Bit ## | Bit ## | Bit ## | Bit ## | Bit ## | Bit
0 0 32 0 64 0 96 0 128 | 0 160 | 0
1 1 33 1 65 0 97 1 129 | 0 161 | O
2 1 34 1 66 0 98 1 130 | 0 162 | 0
3 1 35 1 67 1 99 0 131 | 1 163 | 0
4 0 36 0 68 0 100 | 1 132 | 1 164 | 0
5 1 37 0 69 0 101 | 1 133 | 0 165 | O
6 1 38 1 70 0 102 | 1 134 | 1 166 | 0
7 1 39 1 71 0 103 | O 135 | 1 167 | 0
8 1 40 0 72 1 104 | O 136 | 0 168 | 0
9 1 41 0 73 0 105 | O 137 | 1 169 | 0
10 1 42 0 74 0 106 | 1 138 | 1 170 | 0
11 1 43 0 75 1 107 | 1 139 | 0 171 | O
12 0 44 0 76 1 108 | 1 140 | 1 172 | 1
13 0 45 0 77 0 109 | 0 141 | O 173 | 1
14 0 46 0 78 1 110 | O 142 | 1 174 | 0
15 0 47 0 79 0 111 | O 143 | 1 175 | 1
16 1 48 1 80 0 112 | 1 144 | 1 176 | 1
17 1 49 0 81 0 113 | 1 145 | 0 177 | O
18 1 50 1 82 0 114 | 1 146 | 0 178 | 1
19 0 51 1 83 1 115 | 1 147 | 1 179 | 1
20 1 52 1 84 1 116 | O 148 | 1 180 | O
21 1 53 1 85 1 117 | 1 149 | 0 181 | 0
22 1 54 1 86 0 118 | O 150 | O 182 | 1
23 1 55 1 87 1 119 | 1 151 | O 183 | 1
24 1 56 0 88 0 120 | O 152 | 0 184 | 0
25 1 57 0 89 0 121 | 1 153 | 1 185 | 1
26 0 58 0 90 0 122 | 1 154 | 0 186 | 1
27 0 59 1 91 1 123 | 0 155 | 0 187 | O
28 0 60 0 92 0 124 | 1 156 | 0 188 | 1
29 1 61 0 93 0 125 | 0 157 | 0 189 | 1
30 0 62 0 94 1 126 | O 158 | 1 190 | 0
31 0 63 1 95 0 127 | 1 159 | 1 191 | 1
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Table G.22—Frequency domain of first DATA symbol

## Re Im ## Re Im ## Re Im ## Re Im
=32 | 0.000 0.000 -16 | -0.949 | 0.316 0 0.000 0.000 16 -0.316 | -0.949
=31 | 0.000 0.000 -15 | -0.949 | -0.949 1 -0.316 | 0.949 17 -0.949 | 0.316
=30 | 0.000 0.000 -14 | -0.949 | -0.949 2 0.316 0.949 18 -0.949 | -0.949
-29 | 0.000 0.000 -13 | 0.949 0.316 3 -0.949 | 0.316 19 -0.949 | -0.949
—28 | 0.000 0.000 -12 | 0.316 0.316 4 0.949 -0.949 20 -0.949 | -0.949
-27 | 0.000 0.000 -11 | -0.949 | -0.316 5 0.316 0.316 21 —-1.000 | 0.000
-26 | -0.316 | 0.316 -10 | -0.949 | -0.316 6 -0.316 | -0.316 22 0.316 -0.316
-25 | -0.316 | 0.316 -9 -0.949 | -0.316 7 1.000 0.000 23 0.949 0.316
-24 | 0.316 0.316 -8 -0.949 | -0.949 8 -0.316 | 0.949 24 -0.949 | 0.316
-23 | -0.949 | -0.949 -7 1.000 0.000 9 0.949 -0.316 25 -0.316 | 0.949
-22 | 0.316 0.949 -6 0.949 -0.316 10 -0.949 | -0.316 26 0.316 -0.316
-21 | 1.000 0.000 -5 0.949 0.949 11 0.949 0.316 27 0.000 0.000
-20 | 0.316 0.316 —4 -0.949 | -0.316 12 -0.316 | 0.949 28 0.000 0.000
-19 | 0.316 -0.949 -3 0.316 -0.316 13 0.949 0.316 29 0.000 0.000
-18 | -0.316 | -0.949 -2 -0.949 | -0.316 14 0.949 -0.316 30 0.000 0.000
-17 | -0.316 | 0.316 -1 —0.949 | 0.949 15 0.949 —0.949 31 0.000 0.000

The time domain samples are produced by performing IFFT, cyclically extending, and multiplying with the
window function in the same manner as described in G.4.5. The time domain samples are appended with one

sample overlap to the SIGNAL field symbol.

G.7 Generating the additional DATA symbols

The generation of the additional five data symbols follows the same procedure as described in Clause 5 of
IEEE Std 802.11, 1999 Edition. Special attention should be paid to the scrambling of the pilot subcarriers.
Table G.23 lists the polarity of the pilot subcarriers and the elements of the sequence py 1,4 for the DATA
symbols. For completeness, the pilots in the SIGNAL are included as well. The symbols are appended one
after the other with a one-sample overlap.

74

85

Copyright © 1999 IEEE. All rights reserved.
Authorized licensed use limited to: IEEE Staff. Downloaded on June 26,2023 at 17:16:57 UTC from IEEE Xplore. Restrictions apply.




IEEE
HIGH-SPEED PHYSICAL LAYER IN THE 5 GHz BAND Std 802.11a-1999

Table G.23 —Polarity of the pilot subcarriers

i OFDM symbol Element of p; Pilot at #-21 Pilot at #-7 Pilot at #7 Pilot at #21
0 SIGNAL 1 1.0+0j 1.0+0] 1.0+0j -1.040]
1 DATA 1 1 1.0+0j 1.0+0j 1.0+0j -1.040j
2 DATA 2 1 1.040j 1.0+0j 1.0 40 j -1.040]
3 DATA 3 1 1.0+0j 1.0+0j 1.0+0] -1.040]
4 DATA 4 -1 -1.040j -1.040j -1.040j 1.0+0j
5 DATA 5 -1 -1.040j -1.040j -1.040j 1.0+0j
6 DATA 6 -1 -1.0+40j -1.040] -1.040] 1.0+0]

G.8 The entire packet

The packet in its entirety is shown in Table G.24. The short sequences section, the long sequences section,
the SIGNAL field, and the DATA symbols are separated by double lines.

Table G.24—The entire packet

## Re Im ## Re Im ## Re Im ## Re Im
0 0.023 0.023 40 0.046 0.046 80 0.046 0.046 120 [0.046 0.046
1 -0.132  0.002 41 0.002 -0.132 81 -0.132  0.002 121 10.002 -0.132

2 -0.013 |-0.079 42 -0.079 |-0.013 82 -0.013 |-0.079 122 |-0.079 |-0.013

3 0.143 -0.013 43 -0.013  ]0.143 83 0.143 -0.013 123 |-0.013 ]0.143
4 0.092 0.000 44 0.000 0.092 84 0.092 0.000 124 | 0.000 0.092
5 0.143 -0.013 45 -0.013 ]0.143 85 0.143 —-0.013 125 |-0.013 |0.143
6 -0.013 |-0.079 46 -0.079 |-0.013 86 -0.013 |-0.079 126 |-0.079 |-0.013
7 -0.132 10.002 47 0.002 -0.132 87 -0.132 10.002 127 |0.002 -0.132
8 0.046 0.046 48 0.046 0.046 88 0.046 0.046 128 |0.046 0.046
9 0.002 -0.132 49 -0.132  0.002 89 0.002 -0.132 129 |-0.132 |0.002

10 -0.079 |-0.013 50 -0.013 |-0.079 90 -0.079 |-0.013 130 |-0.013 |-0.079

11 -0.013 ]0.143 51 0.143 -0.013 91 -0.013 ]0.143 131 |0.143 -0.013
12 0.000 0.092 52 0.092 0.000 92 0.000 0.092 132 10.092 0.000
13 -0.013 ]0.143 53 0.143 -0.013 93 -0.013 ]0.143 133 10.143 -0.013

14 -0.079 |-0.013 54 -0.013 |-0.079 94 -0.079 |-0.013 134 |-0.013 |-0.079

15 0.002 -0.132 55 -0.132  10.002 95 0.002 -0.132 135 |-0.132 |0.002
16 0.046 0.046 56 0.046 0.046 96 0.046 0.046 136 |0.046 0.046
17 -0.132  0.002 57 0.002 -0.132 97 -0.132  0.002 137 10.002 -0.132
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Table G.24—The entire packet (continued)

## Re Im ## Re Im ## Re Im ## Re Im
18 -0.013 |-0.079 58 -0.079 |-0.013 98 -0.013 |-.079 138 |-0.079 |-0.013
19 0.143 -0.013 59 -0.013 ]0.143 99 0.143 -0.013 139 |-0.013 ]0.143
20 0.092 0.000 60 0.000 0.092 100 |0.092 0.000 140 | 0.000 0.092
21 0.143 -0.013 61 -0.013 ]0.143 101 |0.143 —-0.013 141 |-0.013 |0.143

22 -0.013 |-0.079 62 -0.079 |-0.013 102 |-0.013 |-0.079 142 |-0.079 |-0.013

23 -0.132 10.002 63 0.002 -0.132 103 |-0.132 ]0.002 143 | 0.002 -0.132
24 0.046 0.046 64 0.046 0.046 104 |0.046 0.046 144 1 0.046 0.046
25 0.002 -0.132 65 -0.132  0.002 105 |0.002 -0.132 145 |-0.132 |0.002

26 -0.079 |-0.013 66 -0.013 |-0.079 106 |-0.079 |-0.013 146 |-0.013 |-0.079

27 -0.013 ]0.143 67 0.143 -0.013 107 |-0.013 |0.143 147 |0.143 -0.013
28 0.000 0.092 68 0.092 0.000 108 |0.000 0.092 148 10.092 0.000
29 -0.013 ]0.143 69 0.143 -0.013 109 |-0.013 |0.143 149 10.143 -0.013

30 -0.079 |-0.013 70 -0.013 |-0.079 110 |-0.079 |-0.013 150 |-0.013 |-0.079

31 0.002 -0.132 71 -0.132 10.002 111 | 0.002 -0.132 151 |-0.132 ]0.002
32 0.046 0.046 72 0.046 0.046 112 |0.046 0.046 152 |0.046 0.046
33 -0.132  0.002 73 0.002 -0.132 113 |-0.132 |0.002 153 |0.002 -0.132

34 -0.013 |-0.079 74 -0.079 |-0.013 114 |-0.013 |-0.079 154 |-0.079 |-0.013

35 0.143 -0.013 75 -0.013 ]0.143 115 10.143 -0.013 155 |-0.013 ]0.143
36 0.092 0.000 76 0.000 0.092 116 |0.092 0.000 156 | 0.000 0.092
37 0.143 -0.013 71 -0.013 ]0.143 117 10.143 -0.013 157 |-0.013 |0.143

38 -0.013 |-0.079 78 -0.079 |-0.013 118 |-0.013 |-0.079 158 |-0.079 |-0.013

39 -0.132  10.002 79 0.002 -0.132 119 |-0.132 |0.002 159 10.002 -0.132
160 |-0.055 |0.023 200 |0.098 —-0.026 240 |0.062 0.062 280 |-0.035 |-0.151
161 |0.012 —-0.098 201 |0.053 0.004 241 |0.119 0.004 281 |-0.122 |-0.017

162 |0.092 -0.106 202 |0.001 -0.115 242 |-0.022 |-0.161 282 |-0.127 |-0.021

163 |-0.092 |-0.115 203 |-0.137 |-0.047 243 10.059 0.015 283 |0.075 -0.074
164 |-0.003 |-0.054 204 10.024 -0.059 244 10.024 0.059 284 |-0.003 |0.054
165 |0.075 0.074 205 ]0.059 -0.015 245 |-0.137 ]0.047 285 |-0.092 |0.115
166 |-0.127 |0.021 206 |-0.022 |0.161 246 |0.001 0.115 286 |0.092 0.106
167 |-0.122 ]0.017 207 10.119 -0.004 247 10.053 -0.004 287 10.012 0.098
168 |-0.035 |0.151 208 |0.062 -0.062 248 10.098 0.026 288 |-0.156 |0.000
169 |-0.056 |0.022 209 |0.037 0.098 249 |-0.038 |0.106 289 10.012 —-0.098
170 |-0.060 |-0.081 210 [-0.057 |0.039 250 |-0.115 |0.055 290 |0.092 -0.106
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Table G.24—The entire packet (continued)

## Re Im ## Re Im ## Re Im ## Re Im
171 10.070 -0.014 211 |-0.131 |0.065 251 |0.060 0.088 291 |-0.092 |-0.115
172 10.082 -0.092 212 | 0.082 0.092 252 0.021 -0.028 292 | -0.003 |-0.054
173 |-0.131 |-0.065 213 |0.070 0.014 253 |0.097 —-0.083 293 |0.075 0.074
174 |-0.057 |-0.039 214 |-0.060 |0.081 254 10.040 0.111 294 | -0.127 0.021
175 10.037 -0.098 215 |-0.056 |-0.022 255 |-0.005 |0.120 295 |-0.122 |0.017
176 |0.062 0.062 216 |-0.035 |-0.151 256 |0.156 0.000 296 |-0.035 |0.151
177 10.119 0.004 217 |-0.122 |-0.017 257 |-0.005 |-0.120 297 |-0.056 |0.022

178 |-0.022 |-0.161 218 |-0.127 |-0.021 258 10.040 -0.111 298 |-0.060 |-0.081

179 10.059 0.015 219 |0.075 -0.074 259 |0.097 0.083 299 10.070 -0.014
180 |0.024 0.059 220 |-0.003 |0.054 260 |0.021 0.028 300 |0.082 -0.092
181 |-0.137 |0.047 221 |-0.092 |0.115 261 | 0.060 —-0.088 301 |-0.131 |-0.065
182 |0.001 0.115 222 10.092 0.106 262 |-0.115 |-0.055 302 |-0.057 |-0.039
183 10.053 -0.004 223 |0.012 0.098 263 |-0.038 |-0.106 303 ]0.037 -0.098
184 10.098 0.026 224 | -0.156 |0.000 264 |0.098 -0.026 304 |0.062 0.062
185 |-0.038 |0.106 225 10.012 —-0.098 265 |0.053 0.004 305 |0.119 0.004
186 |[-0.115 |0.055 226 |0.092 -0.106 266 |0.001 -0.115 306 |-0.022 |-0.161
187 10.060 0.088 227 |-0.092 |-0.115 267 |-0.137 |-0.047 307 10.059 0.015

188 10.021 -0.028 228 |-0.003 |-0.054 268 |0.024 -0.059 308 |0.024 0.059

189 10.097 -0.083 229 10.075 0.074 269 | 0.059 -0.015 309 |-0.137 |0.047
190 |0.040 0.111 230 |-0.127 0.021 270 |-0.022 |0.161 310 |0.001 0.115
191 |-0.005 ]0.120 231 |-0.122 |0.017 271 |0.119 -0.004 311 ]0.053 -0.004
192 10.156 0.000 232 |-0.035 |0.151 272 10.062 -0.062 312 |0.098 0.026
193 |-0.005 |-0.120 233 |-0.056 |0.022 273 |0.037 0.098 313 |-0.038 |0.106
194 |0.040 -0.111 234 |-0.060 |-0.081 274 |-0.057 |0.039 314 |-0.115 |0.055
195 |0.097 0.083 235 |0.070 -0.014 275 |-0.131 |0.065 315 ]0.060 0.088
196 10.021 0.028 236 |0.082 —-0.092 276 |0.082 0.092 316 |0.021 —-0.028
197 |0.060 —-0.088 237 |-0.131 |-0.065 277 10.070 0.014 317 |0.097 —-0.083
198 |-0.115 |-0.055 238 |-0.057 |-0.039 278 |-0.060 |0.081 318 10.040 0.111

199 |-0.038 |-0.106 239 |0.037 —-0.098 279 |-0.056 |-0.022 319 |-0.005 ]0.120

320 |0.109 0.000 340 |0.010 —-0.097 360 |-0.035 |0.044 380 |-0.051 ]0.202

321 |0.033 —0.044 341 |-0.060 |-0.124 361 |0.017 —-0.059 381 |0.035 -0.116

322 |-0.002 |-0.038 342 |-0.033 |-0.044 362 |0.053 -0.017 382 |0.016 -0.174

323 |-0.081 ]0.084 343 |0.011 0.002 363 10.099 0.100 383 10.057 -0.052
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Table G.24—The entire packet (continued)

## Re Im ## Re Im ## Re Im ## Re Im
324 |0.007 -0.100 344 10.098 0.044 364 |0.034 —-0.148 384 10.062 0.000
325 |-0.001 |-0.113 345 10.136 0.105 365 |-0.003 |-0.094 385 |0.033 -0.044
326 |-0.021 |-0.005 346 |-0.021 |0.005 366 |-0.120 |0.042 386 |-0.002 |-0.038
327 ]0.136 -0.105 347 |-0.001 |0.113 367 |-0.136 |-0.070 387 |-0.081 |0.084
328 ]0.098 -0.044 348 |0.007 0.100 368 |-0.031 |0.000 388 |0.007 —-0.100
329 0.011 -0.002 349 |-0.081 |-0.084 369 |-0.136 |0.070 389 |-0.001 |-0.113
330 |-0.033 |0.044 350 |-0.002 |0.038 370 |-0.120 |-0.042 390 |-0.021 |-0.005
331 |-0.060 |0.124 351 |0.033 0.044 371 | -0.003 |0.094 391 |0.136 -0.105
332 |0.010 0.097 352 10.062 0.000 372 10.034 0.148 392 |0.098 —-0.044
333 | 0.000 -0.008 353 |0.057 0.052 373 10.099 -0.100 393 |0.011 -0.002
334 10.018 -0.083 354 10.016 0.174 374 |0.053 0.017 394 | -0.033 |0.044
335 |-0.069 |0.027 355 |0.035 0.116 375 10.017 0.059 395 |-0.060 |0.124
336 |-0.219 |0.000 356 |-0.051 |-0.202 376 |-0.035 |-0.044 396 |0.010 0.097
337 |-0.069 |-0.027 357 0.011 0.036 377 |-0.049 |0.008 397 |0.000 —-0.008
338 10.018 0.083 358 ]0.089 0.209 378 |0.089 -0.209 398 10.018 —-0.083
339 |0.000 0.008 359 |-0.049 |-0.008 379 0.011 -0.036 399 |-0.069 |0.027
400 |-0.149 ]0.035 420 |-0.168 |-0.043 440 |-0.017 |0.019 460 |0.046 0.023
401 |-0.109 |-0.130 421 |-0.066 |0.028 441 |-0.016 |-0.074 461 |-0.050 |0.034
402 |0.003 -0.011 422 1-0.065 |0.037 442 1-0.005 |-0.085 462 |-0.024 |-0.009
403 |-0.003 |0.083 423 10.039 0.025 443 10.066 0.062 463 |0.065 0.166
404 |-0.039 |-0.032 424 10.078 —-0.045 444 10.154 0.050 464 |-0.079 |0.071
405 |0.051 0.048 425 |-0.105 ]0.048 445 10.120 -0.001 465 |-0.109 |-0.130
406 |0.136 0.173 426 |-0.030 |0.093 446 |-0.015 |0.087 466 |0.003 —-0.011
407 10.047 -0.033 427 10.020 —-0.086 447 10.141 0.013 467 |-0.003 |0.083
408 |-0.042 |-0.039 428 10.005 0.052 448 10.236 0.049 468 |-0.039 |-0.032
409 |-0.071 |-0.005 429 |1-0.014 |-0.084 449 1-0.025 |0.067 469 10.051 0.048
410 |-0.095 |-0.100 430 |-0.146 |-0.050 450 |-0.099 |0.007 470 10.136 0.173
411 |-0.111 |-0.009 431 |-0.053 |0.277 451 10.022 -0.017 471 10.047 —-0.033
412 |-0.047 |-0.086 432 |-0.020 |-0.011 452 10.078 -0.116 472 1-0.042 |-0.039
413 | 0.042 -0.123 433 | -0.066 |0.002 453 10.015 —-0.092 473 |-0.071 |-0.005
414 |-0.034 |-0.095 434 10.140 0.007 454 |-0.051 |-0.054 474 1-0.095 |-0.100
415 10.012 -0.076 435 10.081 —-0.144 455 10.019 0.011 475 |-0.111 |-0.009
416 10.061 0.049 436 |-0.108 |0.152 456 10.020 0.065 476 |-0.047 |-0.086
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Table G.24—The entire packet (continued)

## Re Im ## Re Im ## Re Im ## Re Im
417 |-0.034 |-0.048 437 10.024 -0.024 457 |1-0.012 ]0.038 477 10.042 —-0.123
418 |0.096 -0.015 438 10.040 —-0.168 458 |-0.009 [0.024 478 |-0.034 |-0.095
419 10.018 0.042 439 |-0.057 ]0.055 459 10.009 —-0.052 479 10.012 -0.076
480 |-0.004 |0.075 500 |-0.011 |0.061 520 |-0.081 |0.067 540 |0.114 —-0.007
481 |-0.034 |0.026 501 [-0.028 |0.060 521 |-0.043 |-0.139 541 |0.131 0.015
482 10.011 -0.021 502 |-0.111 |-0.057 522 |-0.084 |-0.194 542 |0.067 -0.017
483 10.046 -0.011 503 |0.049 0.010 523 |0.004 0.027 543 |-0.047 |-0.017
484 10.035 -0.141 504 |0.140 -0.006 524 |-0.083 |-0.098 544 |-0.069 |0.100
485 10.074 -0.002 505 |0.069 -0.114 525 10.037 —-0.080 545 |-0.034 |0.026
486 |0.096 0.168 506 |0.014 -0.002 526 |0.059 0.120 546 |0.011 -0.021
487 10.044 —-0.037 507 10.032 —0.048 527 |-0.126 |-0.082 547 10.046 -0.011
488 10.061 —-0.047 508 |0.149 —-0.064 528 |-0.011 |-0.138 548 10.035 —-0.141
489 10.037 0.130 509 |0.070 0.001 529 |-0.096 |-0.108 549 10.074 -0.002
490 |-0.009 |0.054 510 |0.006 0.006 530 |-0.119 |-0.015 550 |0.096 0.168
491 |-0.062 |-0.064 511 |0.067 0.080 531 |0.027 0.142 551 |0.044 —-0.037
492 |-0.101 |-0.029 512 |0.049 0.038 532 |-0.045 |-0.143 552 10.061 —-0.047
493 10.011 0.024 513 |-0.019 |0.095 533 |0.001 -0.185 553 |0.037 0.130
494 10.031 -0.019 514 |-0.077 ]0.203 534 |-0.016 |0.047 554 | -0.009 |0.054
495 10.007 0.042 515 10.030 0.063 535 |-0.037 |-0.054 555 |-0.062 |-0.064
496 |-0.008 |0.079 516 |0.021 -0.054 536 |-0.002 |-0.092 556 |-0.101 |-0.029
497 |-0.036 |-0.007 517 |-0.017 |-0.047 537 |-0.157 [0.014 557 10.011 0.024
498 |0.054 0.090 518 10.026 —-0.011 538 |-0.107 |0.121 558 ]0.031 -0.019
499 10.017 0.109 519 |-0.125 |0.048 539 10.074 0.108 559 |0.007 0.042
560 [-0.039 |0.050 580 |-0.043 |-0.040 600 |-0.101 |0.058 620 |0.054 -0.070
561 |[-0.052 |0.072 581 |-0.053 |0.047 601 |0.027 -0.106 621 |-0.003 |0.034
562 |0.041 0.019 582 ]0.112 -0.104 602 |0.138 0.016 622 10.014 0.042
563 |-0.084 |0.178 583 |-0.031 |-0.081 603 |-0.021 |0.061 623 | 0.106 —0.146
564 [-0.020 |0.012 584 |-0.009 |0.024 604 |0.046 -0.140 624 | -0.069 |0.021
565 |-0.021 |-0.072 585 |0.087 0.081 605 |-0.003 |-0.055 625 |-0.052 [0.072
566 | 0.040 0.056 586 |-0.003 |0.075 606 |-0.082 |0.019 626 |0.041 0.019
567 |0.106 0.020 587 [-0.023 |0.000 607 |-0.035 [-0.040 627 |-0.084 |0.178
568 |-0.057 |0.041 588 10.050 0.109 608 |-0.002 |-0.049 628 |-0.020 |0.012
569 |0.078 -0.058 589 |0.115 0.164 609 |0.117 -0.087 629 |-0.021 |-0.072
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Table G.24—The entire packet (continued)

## Re Im ## Re Im ## Re Im ## Re Im
570 |0.048 —-0.088 590 |0.004 0.068 610 |0.028 0.031 630 |0.040 0.056
571 |-0.063 |0.046 591 |-0.014 |-0.011 611 |-0.035 |0.139 631 |0.106 0.020
572 |0.087 -0.018 592 10.010 0.018 612 | 0.053 0.063 632 | -0.057 |0.041
573 |0.003 -0.051 593 |-0.010 |0.151 613 | 0.000 —-0.022 633 | 0.078 —-0.058
574 |-0.027 |0.011 594 10.066 0.048 614 |-0.083 |-0.025 634 10.048 —-0.088
575 |-0.056 |-0.015 595 |0.077 -0.146 615 |-0.149 |0.091 635 |-0.063 |0.046
576 |-0.058 |-0.148 596 |0.169 -0.074 616 |-0.109 |0.036 636 | 0.087 -0.018

577 |0.086 —-0.049 597 10.009 -0.011 617 |-0.063 |-0.195 637 10.003 —-0.051

578 |0.067 0.176 598 |-0.215 |-0.066 618 |-0.149 |-0.119 638 |-0.027 |0.011
579 |0.081 0.009 599 |-0.084 |0.038 619 |-0.090 |0.016 639 |-0.056 |-0.015
640 |-0.078 |-0.134 660 |-0.003 |-0.024 680 |0.003 0.002 700 |-0.156 |-0.061
641 |0.019 -0.081 661 |0.114 0.048 681 |0.030 —-0.035 701 |-0.141 |-0.086
642 | 0.077 0.103 662 | 0.001 -0.009 682 |-0.007 |-0.050 702 | 0.002 0.014
643 |0.076 0.047 663 |-0.039 |0.052 683 |-0.033 |0.002 703 | -0.055 |0.054
644 | 0.066 0.062 664 |0.011 0.053 684 |-0.018 |0.020 704 | -0.099 |-0.120
645 |0.070 0.129 665 |-0.087 |-0.081 685 |-0.005 |-0.051 705 |0.019 -0.081
646 |-0.049 0.031 666 |-0.037 |0.133 686 |0.020 —-0.044 706 |0.077 0.103
647 |-0.079 |-0.060 667 | 0.060 -0.052 687 |0.105 0.031 707 10.076 0.047
648 | 0.056 0.116 668 |-0.150 |-0.133 688 |0.041 0.059 708 |0.066 0.062
649 |0.051 0.205 669 |-0.067 |0.068 689 |0.052 0.033 709 |0.070 0.129
650 |0.093 0.056 670 |0.167 -0.144 690 |0.053 0.134 710 |-0.049 |0.031
651 |0.115 0.020 671 |0.011 -0.030 691 |-0.010 |0.071 711 | -0.079 |-0.060

652 | 0.047 -0.103 672 |-0.040 |-0.038 692 |0.162 —0.147 712 |0.056 0.116

653 |-0.009 |-0.067 673 |-0.066 |-0.182 693 |0.076 -0.090 713 |0.051 0.205

654 |-0.122 |0.060 674 |-0.051 |0.059 694 | -0.030 |-0.101 714 | 0.093 0.056
655 |-0.062 |-0.014 675 [0.031 0.016 695 |0.089 0.027 715 |0.115 0.020
656 |0.018 0.099 676 |-0.186 |-0.010 696 |-0.070 |0.223 716 | 0.047 —-0.103
657 [0.031 0.060 677 |-0.117 |-0.030 697 |-0.109 |0.003 717 |-0.009 |-0.067

658 |0.068 -0.014 678 |0.090 -0.202 698 |0.042 -0.025 718 |-0.122 |0.060

659 |-0.038 ]0.028 679 |-0.002 |-0.094 699 |-0.009 ]0.058 719 |-0.062 |-0.014
720 10.123 -0.006 740 10.010 0.072 760 |0.069 -0.009 780 |-0.051 ]0.062
721 |-0.050 |-0.133 741 |-0.023 [0.011 761 | -0.085 |0.088 781 [-0.053 |-0.049
722 |-0.106 |-0.025 742 10.097 0.073 762 |[-0.104 |-0.128 782 |-0.155 |-0.047
80 Copyright © 1999 IEEE. All rights reserved.
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Table G.24—The entire packet (continued)

## Re Im ## Re Im ## Re Im ## Re Im
723 |0.056 0.007 743 |0.046 0.052 763 |0.041 —-0.100 783 10.049 0.004
724 10.083 -0.023 744 |-0.071 |-0.112 764 |0.011 0.145 784 10.227 -0.110
725 10.054 -0.110 745 10.014 0.072 765 |-0.046 |0.033 785 |-0.050 |-0.133
726 |-0.043 |-0.130 746 |-0.116 |0.063 766 |-0.051 |-0.049 786 |-0.106 |-0.025
727 0.020 -0.080 747 |-0.186 |-0.092 767 |0.018 0.066 787 10.056 0.007
728 |0.010 -0.090 748 | -0.024 |-0.047 768 |0.031 -0.010 788 10.083 -0.023
729 |-0.181 |-0.004 749 10.074 -0.017 769 | -0.060 |-0.056 789 10.054 -0.110
730 |-0.043 |-0.013 750 |0.072 0.020 770 |0.002 0.012 790 |-0.043 |-0.130
731 |0.127 -0.095 751 |-0.037 |-0.021 771 |0.056 0.010 791 |0.020 -0.080
732 10.025 0.037 752 | 0.049 0.011 772 0.033 0.122 792 |0.010 -0.090
733 |-0.077 |0.009 753 |0.080 —-0.054 773 |-0.010 |0.159 793 |-0.181 |-0.004
734 |-0.084 |-0.008 754 |-0.088 |-0.162 774 |-0.056 |0.006 794 |-0.043 |-0.013
735 |-0.070 |0.107 755 |0.004 0.113 775 |0.057 -0.050 795 |0.127 -0.095
736 |-0.071 |0.030 756 |0.071 0.105 776 |0.071 -0.026 796 |0.025 0.037
737 10.013 0.082 757 10.034 -0.036 777 |-0.001 |0.005 797 |-0.077 |0.009
738 |0.062 0.068 758 10.063 0.136 778 10.076 0.028 798 |-0.084 |-0.008
739 0.042 -0.016 759 10.075 0.033 779 |0.018 0.062 799 |-0.070 |0.107
800 |-0.021 |0.004 820 |0.067 -0.189 840 |-0.006 |0.026 860 |-0.013 |0.079
801 |0.082 -0.011 821 |0.119 -0.070 841 |0.009 0.080 861 |0.031 0.029
802 |-0.002 |0.022 822 10.020 0.105 842 10.085 0.017 862 |0.061 —-0.015
803 |0.123 —-0.056 823 10.008 0.057 843 |-0.155 ]0.095 863 |-0.172 |-0.015
804 |-0.016 |0.019 824 10.034 0.040 844 |-0.010 |0.084 864 |0.030 —-0.021
805 |-0.091 |0.013 825 |-0.003 |-0.003 845 |0.145 0.012 865 |0.082 —-0.011
806 |-0.048 |-0.216 826 |-0.042 |0.043 846 |0.064 —-0.053 866 |-0.002 |0.022
807 |-0.060 |-0.079 827 |-0.068 |0.060 847 |-0.011 |-0.081 867 |0.123 —-0.056
808 |-0.092 |0.112 828 |-0.058 |-0.107 848 |-0.048 |-0.020 868 |-0.016 |0.019
809 ]0.026 -0.011 829 10.067 0.046 849 10.116 —-0.008 869 |-0.091 |0.013
810 |0.215 -0.037 830 |0.069 0.086 850 |0.057 -0.002 870 |-0.048 |-0.216
811 10.010 -0.009 831 10.010 -0.140 851 10.008 -0.059 871 |-0.060 |-0.079
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Table G.24—The entire packet (continued)

#HH Re Im #HH Re Im ##H Re Im #H Re Im
812 |-0.117 |-0.056 832 [-0.049 |0.002 852 {0.049 -0.030 872 [-0.092 |0.112
813 |-0.015 |-0.081 833 |-0.115 |-0.016 853 |-0.033 |0.053 873 10.026 -0.011

814 |-0.015 |-0.125 834 |-0.028 |-0.027 854 |-0.023 |-0.139 874 10.215 —-0.037

815 |0.009 -0.119 835 |-0.024 [0.231 855 |-0.118 |-0.108 875 10.010 —-0.009
816 |-0.011 |-0.079 836 |0.019 0.042 856 |0.065 0.098 876 |-0.117 |-0.056
817 |-0.010 |-0.053 837 10.013 -0.002 857 10.132 0.022 877 |-0.015 |-0.081
818 |-0.071 |0.058 838 |-0.049 |0.199 858 |-0.135 |0.084 878 |-0.015 |-0.125
819 |-0.116 |0.010 839 10.096 0.037 859 |-0.015 |0.175 879 |0.009 -0.119

880 |-0.006 |-0.039
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