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DRAFT Supplement to 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: 
Higher speed Physical Layer (PHY) extension in 
the 2.4 GHz band.
[This supplement is based on the current edition of IEEE Std 802.11, 1997 Edition, published in Sept
1997. 

NOTE—The editing instructions contained in this supplement define how to merge the material conta
herein into the existing base standard to form the new comprehensive standard as created by the ad
IEEE Std 802.11b-1999.

The editing instructions are shown in bold italic. Three editing instructions are used: change, delete, and
sert. Change is used to make small corrections in existing text or tables. The editing instruction specifie
location of the change and describes what is being changed either by using strikethrough (to remove old ma-
terial) or underscore (to add new material). Delete removes existing material. Insert adds new material with-
out disturbing the existing material. Insertions may require renumbering. If so, renumbering instructio
given in the editing instruction. Editorial notes will not be carried over into future editions.

Change the following paragraphs as indicated:

3.8 Basic Service Set (BSS) basic rate set:

The set of data transfer rates that all the stations in a BSS will be capable of using to receive and transmit
frames to/from the wireless medium (WM). The BSS basic rate set data rates are preset for all station
BSS.

4.0 Abbreviations and acronyms
Insert the following abbreviations alphabetically in the list in 4.0:

CCK Complementary Code Keying 
High Rate High Rate Direct Sequence Spread Spectrum with or without Options enabled 
HR/DSSS High Rate Direct Sequence Spread Spectrum using the long preamble and header
HR/DSSS/short High Rate Direct Sequence Spread Spectrum using the optional short preamble and
mode
HR/DSSS/PBCC High Rate Direct Sequence Spread Spectrum using the optional Packet Binary Con
tional Coding mode and the long preamble and header
HR/DSSS/PBCC/short High Rate Direct Sequence Spread Spectrum using the optional Packet Binar
volutional Coding mode and the optional short preamble and header

7.2.3.1 Beacon frame format
Copyright © 1999 IEEE. All rights reserved.
5 This is an unapproved IEEE Standards Draft, subject to change
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Change notes 1 and 2 of this table as shown.

Table 5 Beacon frame body

7.2.3.9 Probe Request frame format

Change notes 1 and 2 of this table as shown.

Table 12—Probe Response frame body

Order  Information  Note
1  Timestamp
2  Beacon interval
3  Capability information
4  SSID
5  Supported rates
6  FH Parameter Set  1
7  DS Parameter Set  2
8  CF Parameter Set  3
9  IBSS Parameter Set  4
10 TIM  5
NOTES
1—The FH Parameter Set information element is only present within Beacon frames
generated by STAs using frequency-hopping PHYs.
2—The DS Parameter Set information element is only present within Beacon frames
generated by STAs using direct sequence PHYs.
3—The CF Parameter Set information element is only present within Beacon frames
generated by APs supporting a PCF.
4—The IBSS Parameter Set information element is only present within Beacon
frames generated by STAs in an IBSS.
5—The TIM information element is only present within Beacon frames generated by
APs.

Order  Information  Note
1  Timestamp
2  Beacon interval
3  Capability information
4  SSID
5  Supported rates
6  FH Parameter Set  1
7  DS Parameter Set  2
8  CF Parameter Set  3
9  IBSS Parameter Set  4
NOTES
1—The FH Parameter Set information element is only present within
Probe Response frames generated by STAs using frequency-hopping
PHYs.
2—The DS Parameter Set information element is only present within
Probe Response frames generated by STAs using direct sequence PHYs.
3—The CF Parameter Set information element is only present within
Probe Response frames generated by APs supporting a PCF.
4—The IBSS Parameter Set information element is only present within
Probe Response frames generated by STAs in an IBSS.
Copyright © 1999 IEEE. All rights reserved.
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7.3.1.4 Capability Information Field

Insert three subfields to the capability information field figure and supporting text as shown:

The Capability Information Field contains a number of subfields that are used to indicate requested or
tised capabilities. 

The length of the Capability Information Field is two octets. The Capability Information Field consis
the following subfields: ESS, IBSS, CF-Pollable, CF-Poll Request, and Privacy, Short Preamble, PBCC, an
Channel Agility. The format of the Capability Information Field is as illustrated in Figure 27.

.

Insert the following text after the text in 7.3.1.4.

APs (or STAs in IBSSs) shall set the Short Preamble subfield to 1 in transmitted Beacon, Probe Re
Association Response and Reassociation Response management MMPDUs to indicate that the u
short preamble option, as described in subclause 18.2.2.2 is allowed within this BSS. To indicate that
of the short preamble option is not allowed then the Short Preamble subfield shall be set to 0 in B
Probe Response, Association Response and Reassociation Response management MMPDUs tra
within the BSS.

STAs shall set the Short Preamble subfield to 1 in transmitted Association Request and Reass
Request MMPDUs when the MIB attribute dot11ShortPreambleOptionImplemented is true. Othe
STAs shall set the Short Preamble subfield to 0 in transmitted Association Request and Reass
Request MMPDUs.

APs (or STAs in IBSSs) shall set the PBCC subfield to 1 in transmitted Beacon, Probe Response, A
tion Response and Reassociation Response management MMPDUs to indicate that the use of th
modulation option, as described in subclause 18.4.6.6 is allowed within this BSS. To indicate that the
the PBCC modulation option is not allowed then the PBCC subfield shall be set to 0 in Beacon,
Response, Association Response and Reassociation Response management MMPDUs transmitte
the BSS.

 Figure 27 -- Capability Information Fixed Field

B2 B3 B4 B5 B6 B7 B8 B15B1B0

Octets:
2

ESS IBSS
CF
Pollable

CF Poll
Request

Short
Privacy PBCC

Channel
Agility ReservedPreambl e
Copyright © 1999 IEEE. All rights reserved.
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STAs shall set the PBCC subfield to 1 in transmitted Association Request and Reassociation Reques
DUs when the MIB attribute dot11PBCCOptionImplemented is true. Otherwise STAs shall set the 
subfield to 0 in transmitted Association Request and Reassociation Request MMPDUs.

Bit 7 of the Capabilities Information Field shall be used to indicate the usage of channel agility by th
DSSS PHY. STAs shall set the Channel Agility bit to 1 when channel agility is in use and shall set it to
erwise. 

Bits 8 to 15 of the Capability Information Field are reserved. 

7.3.1.9 Status Code Field

Add three status codes as shown to table 19:

Table 19 --- Status Codes

7.3.2.2 Supported Rates element

The Supported Rates element specifies all the values rates that this station is capable of receiving in the
Operational Rate Set parameter as described in the MLME_Join.request and MLME_Start.request p
tives. The information field is encoded as 1 to 8 octets where each octet describes a single supporte
units of 500 kbit/s.

Within Beacon, Probe Response, Association Response, and Reassociation Response manageme
each supported rate belonging to the BSSBasicRateSet BSS basic rate set, is encoded as an octet with th
msb (bit 7) set to 1 (e.g., a 1 Mbit/s rate belonging to the BSSBasicRateSet BSS basic rate set is encoded as
X'82'). Rates not belonging to the BSSBasicRateSet BSS basic rate set are encoded with the msb set to 
(e.g., a 2 Mbit/s rate not belonging to the BSSBasicRateSet BSS basic rate set is encoded as X'04'). The msb
of each Supported Rate octet in other management frame types is ignored by receiving STAs.

BSSBasicRateSet The BSS basic rate set information in Beacon and Probe Response management fram
delivered to the management entity in an STA via the BSSBasicRateSet parameter in the MLME_Sc
firm primitive. It is used by the management entity in an STA s in order to avoid associating with a BSS i
the STA cannot receive and transmit all the data rates in the BSSBasicRateSet BSS basic rate set. See Figure
36.

9.2 DCF

Change the second to the last paragraph as shown:

The medium access protocol allows for stations to support different sets of data rates. All STAs shall be able
to receive and transmit at all the data rates in the aBasicRateSet specified parameter of

Status code Meaning
19 Association denied due to requesting station not supporting the short 

preamble option.
20 Association denied due to requesting station not supporting the PBCC 

modulation option.
21 Association denied due to requesting station not supporting the channel 

agility option.
Copyright © 1999 IEEE. All rights reserved.
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MLME_Join.request and MLME_Start.request primitives and transmit at one or more of the aBasicRateS
data rates. To support the proper operation of the RTS/CTS and the Virtual Carrier Sense mechanis
STAs shall be able to detect the RTS and CTS frames. For this reason the RTS and CTS frames 
transmitted at one of the rates in the BSS basic rate set aBasicRateSet rates. (See subclause 9.6 for a descrip
tion of multirate operation).

9.6 Multirate support  

Change the existing subclause as follows:

Some PHYs have multiple data transfer rate capabilities that allow implementations to perform dynam
switching with the objective of improving performance. The algorithm for performing rate switchin
beyond the scope of this standard, but in order to ensure coexistence and interoperability on multira
ble PHYs, this standard defines a set of rules that shall be followed by all STAs.

All Control frames shall be transmitted at one of the rates in the BSSBasicRateSet BSS basic rate set (see
10.3.10.1), or at one of the rates in the PHY mandatory rate set so that they will be understood by all STAs in
the BSS.

All frames with multicast and broadcast RA shall be transmitted at one of the rates included in the BS
cRateSet BSS basic rate set, regardless of their type or subtype.

Data and/or management MPDUs with a unicast immediate address ‘RA’  shall be sent on any supported da
rate selected by the rate switching mechanism (whose output is an internal MAC variable called MA
rentRate, defined in units of 500 kbit/s, which is used for calculating the Duration/ID field of each frame).
STA shall not transmit at a rate that is known not to be supported by the destination STA, as reporte
supported rates element in the management frames. For frames of type Data+CF-ACK, Data+CF-P
ACK and CF-Poll+CF-ACK, the rate chosen to transmit the frame must be supported by both the add
recipient STA and the STA to which the ACK is intended.

In order to To allow the transmitting STA to calculate the contents of the Duration/ID field, the respon
STA shall transmit its Control Response frame (either CTS or ACK) at the highest rate in the BSS ba
set that is less than or equal to the rate of at the same rate as the immediately previous frame in the fram
exchange sequence (as defined in 9.7), if this rate belongs to the PHY mandatory rates, or else at the hig
possible rate belonging to the PHY rates in the BSSBasicRateSet. In addition the Control Response fram
shall be sent using the same PHY options as the received frame.

For the HR/DSSS PHY, the time required to transmit a frame, for use in the Duration/ID field, is deter
using the PLME-.request primitive and the PLME-TXTIME.confirm primitive, both defined in 18.3.4.

10.3.3.1.2 Semantics of the service primitive

Change Table as follows:

Name Type Valid Range Description
BSSDescription BSSDescription N/A The BSSDescription of the BSS to join. Th

BSSDescription is a member of the set of 
descriptions that was returned as a result of 
MLME-SCAN.request.
Copyright © 1999 IEEE. All rights reserved.
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10.3.10.1.2 Semantics of the service primitive

Change the table as follows:

JoinFailureTimeout integer greater than or 
equal to 1

The time limit, in units of beacon intervals, 
after which the join procedure will be termi-
nated

ProbeDelay integer N/A Delay (in µs) to be used prior to transmitting a

Probe frame during active scanning
OperationalRateSet set of integers 1 through 127 

inclusive (for 
each integer in 
the set)

The set of data rates (in units of 500kbit/s) that 
the STA desires to use for communication 
within the BSS. The STA must be able to 
receive at each of the data rates listed in the
set. The OperationalRateSet This set is a 
superset of the BSSBasicRateSet BSS basic 
rate set advertised by the BSS.

Name Type Valid Range Description
SSID octet string 1 - 32 octets The SSID of the BSS.
BSSType Enumeration INFRA-

STRUCTURE,
INDEPEN-
DENT

The type of the BSS.

Beacon Period integer greater than or 
equal to 1

The Beacon period of the BSS (in TU).

DTIM Period integer As defined in 
7.3.12.6

The DTIM Period of the BSS (in Beacon 
Periods)

CF parameter set As defined in 
Frame Format

As defined in 
7.3.2.5

The parameter set for CF periods, if the BSS
supports CF mode. aCFPPeriod is modified
as a side effect of the issuance of a MLME-
START.request primitive.

PHY parameter set As defined in 
Frame Format

As defined in 
7.3.2.3 or 
7.3.2.4

The parameter set relevant to the PHY.

IBSS parameter set As defined in 
Frame Format

As defined in 
7.3.2.7

The parameter set for the IBSS, if BSS is an
IBSS.

ProbeDelay integer N/A Delay (in µs) to be used prior to transmitting

a Probe frame during active scanning
CapabilityInformation As defined in 

Frame Format
As defined in 
7.3.1.4

The capabilities to be advertised for the BSS

BSSBasicRateSet set of integers 1 through 127 
inclusive (for 
each integer in 
the set)

The set of data rates (in units of 500 kbit/s) 
that must be supported by all STAs that desi
to join this BSS. The STA that is creating the
BSS must be able to receive and transmit at 
each of the data rates listed in the set.
Copyright © 1999 IEEE. All rights reserved.
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OperationalRateSet set of integers 1 through 127 
inclusive (for 
each integer in 
the set)

The set of data rates (in units of 500 kbit/s) 
that the STA desires to use for communica-
tion within the BSS. The STA must be able to
receive at each of the data rates listed in the
set. The OperationalRateSet This set is a 
superset of the BSS basic rate set BSSBasi-
cRateSet advertised by the BSS.
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18 High rate direct sequence spread spectrum (HR/DSSS) PHY specification 

18.1 Overview

This clause specifies the high rate extension of the physical layer for the Direct Sequence Spread S
(DSSS) system (clause 15 in IEEE Std 802.11-1997) hereinafter known as the High Rate PHY 
2.4 GHz band designated for ISM applications. The Radio Frequency LAN system is aimed at the 2.4 G
bands designated for ISM applications as provided in the USA according to Code of Federal Regu
Title 47, Section 15.247, in Europe by ETS 300-328 and other countries according to subclause 18.4

This extension of the DSSS system builds on the data rate capabilities as described in clause 15 in I
802.11-1997 to provide 5.5 and 11 Mbit/s payload data rates in addition to the 1 and 2 Mbps rates. 
vide the higher rates, 8 chip Complementary Code Keying (CCK) is employed as the modulation sc
The chipping rate is 11 MHz, which is the same as the DSSS system as described in IEEE Std 802.
clause 15, thus providing the same occupied channel bandwidth. The basic new capability describe
clause is called High Rate Direct Sequence spread Spectrum (HR/DSSS). The basic High Rate PHY 
same PLCP preamble and header as the IEEE 802.11 DSSS PHY so both PHYs can co-exist in t
BSSS and can use the rate switching mechanism as provided. 

Optional modes are also described. 

An optional mode replacing the CCK modulation with Packet Binary Convolutional Coding (HR/DS
PBCC) is also provided.

An optional mode to optimize data throughput at the higher rates (2, 5.5 and 11 Mbit/s) using a shorte
preamble is also provided. This mode is called HR/DSSS/short or HR/DSSS/PBCC/short. This short 
ble mode can co-exist with DSSS, HR/DSSS, or HR/DSSS/PBCC under limited circumstances such as o
different channels or with appropriate CCA mechanisms. 

An optional capability for channel agility is also provided for. This assists in the formation of an I
802.11 FH interoperable system. See informative Annex F for more details.

18.1.1 Scope

This supplement specifies the Physical Layer Entity for the Higher Rate Direct Sequence Spread Sp
(DSSS) extension and the changes that have to be made to the base standard to accommodate the 
PHY. 

The High Rate PHY layer consists of two protocol functions:

a) A physical layer convergence function, which adapts the capabilities of the physical medium d
dent (PMD) system to the PHY service. This function is supported by the physical layer co
gence procedure (PLCP), which defines a method of mapping the IEEE 802.11 MAC sub
protocol data units (MPDU) into a framing format suitable for sending and receiving user dat
management information between two or more STAs using the associated PMD system. Th
exchanges PHY Protocol Data Units (PPDU) that contain PLCP Service Data Units (PSDU
MAC uses the PHY service, so each MPDU corresponds to a PSDU that is carried in a PPDU

b) A PMD system, whose function defines the characteristics of, and method of transmitting
receiving data through, a wireless medium between two or more STAs each using the High Ra
tem. 
Copyright © 1999 IEEE. All rights reserved.
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18.1.2 High Rate PHY functions

The 2.4 GHz High Rate PHY architecture is depicted in the ISO/IEC basic reference model shown in 
11. The High Rate PHY contains three functional entities: the PMD function, the physical layer conve
function, and the layer management function. Each of these functions is described in detail in the fol
subclauses. For the purposes of MAC and MAC Management when channel agility is both prese
enabled (see 18.3.2 and Annex C), the High Rate PHY shall be interpreted to be both a direct sequen
frequency hopping physical layer. The MAC and MAC management will treat a High Rate PHY with a
in use as an FH PHY.

The High Rate PHY service shall be provided to the MAC through the PHY service primitives describ
Clause 12 of IEEE Std 802.11-1997.

18.1.2.1 PLCP sublayer

To allow the IEEE 802.11 MAC to operate with minimum dependence on the PMD sublayer, a ph
layer convergence procedure (PLCP) sublayer is defined. This function simplifies the PHY service in
to the IEEE 802.11 MAC services.

18.1.2.2 Physical Medium Dependent Sublayer (PMD) sublayer

The PMD sublayer provides a means and method of transmitting and receiving data through a w
medium (WM) between two or more STAs each using the High Rate system. 

18.1.2.3 Physical layer management entity (PLME)

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

18.1.3 Service specification method and notation

The models represented by figures and state diagrams are intended to be illustrations of functions p
It is important to distinguish between a model and a real implementation. The models are optimized f
plicity and clarity of presentation; the actual method of implementation is left to the discretion of the 
802.11 High Rate PHY compliant developer.

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

18.2 High Rate PLCP sublayer

18.2.1 Overview

This subclause provides a convergence procedure for the 5.5 and 11 Mbit/s specification in which 
are converted to and from PPDUs. During transmission, the PSDU shall be appended to a PLCP p
and header to create the PPDU. Two different preambles and headers are defined: the mandatory s
long preamble and header which interoperates with the current 1 and 2 Mbit/s DSSS specifica
described in IEEE Std 802.11-1997, an optional short preamble and header. At the receiver, the PL
amble and header are processed to aid in demodulation and delivery of the PSDU.
Copyright © 1999 IEEE. All rights reserved.
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The optional short preamble and header is intended for applications where maximum throughput is 
and interoperability with legacy and non short preamble capable equipment is not a consideration. Th
is expected to be used only in networks of like equipment that can all handle the optional mode. 

18.2.2 PPDU format

Two different preambles and headers are defined: the mandatory supported long preamble and head
is interoperable with the current 1 and 2 Mbit/s DSSS specification as described in IEEE Std 802.11
and an optional short preamble and header. 

18.2.2.1 Long PLCP PPDU format

Figure 1 shows the format for the interoperable (long) PPDU including the High Rate PLCP Preamb
High Rate PLCP Header, and the PSDU. The PLCP Preamble contains the following fields: Synchron
(Sync) and Start Frame Delimiter (SFD). The PLCP Header contains the following fields: IEEE 802.1
naling (SIGNAL), IEEE 802.11 Service (SERVICE), IEEE 802.11 Length (LENGTH), and CCITT CRC
field. Each of these fields is described in detail in 18.2.3. The format for the PPDU including the long
Rate PLCP preamble, the long High Rate PLCP header and the PSDU do not differ from the IEE
802.11-1997 for 1 and 2 Mbit/s. The only exceptions are the encoding of the rate in the SIGNAL Fie
the use of bits in the SERVICE field to resolve an ambiguity in PSDU length in octets when the len
expressed in whole microseconds and to indicate if the optional PBCC mode is being used

.

18.2.2.2 Short PLCP PPDU format (Optional)

The short PLCP preamble and header (HR/DSSS/short) is defined as optional. The short pream
header can be used to minimize overhead and thus maximize the network data throughput. The form
PPDU with HR/DSSS/short is depicted in Figure 2.

Figure 1—Long PLCP PPDU format

PPDU

192µs

SYNC
128 BITS

SFD
16 BITS

SIGNAL
8 BITS

SERVICE
8 BITS

LENGTH
16 BITS

CRC
16 BITS

PLCP PREAMBLE
144 BITS PSDUPLCP HEADER

48 BITS

SCRAMBLED ONES

1 Mbit/s DBPSK
BARKER

1 DBPSK BARKER
2 DQPSK BARKER
5.5 OR 11 Mbit/s
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A transmitter using the short PLCP will only be interoperable with another receiver which is also capa
receiving this short PLCP. To interoperate with a receiver that is not capable of receiving a short pr
and header, the transmitter must use the long PLCP preamble and header. The short PLCP preamble
1 Mbit/s Barker code spreading with DBPSK modulation. The short PLCP header uses the 2 Mbit/s 
code spreading with DQPSK modulation and the PSDU is transmitted at 2Mbit/s, 5.5 Mbit/s or 11 Mb

18.2.3 PLCP PPDU field definitions

In the following PLCP field definition subclauses, the definitions for the Long (i.e. clause 15) PLCP 
are described first. Subsequently, the definitions of the short PLCP are defined. The names for th
PLCP fields are preceded with the term Short.

18.2.3.1 Long PLCP Synchronization Field (SYNC) 

The SYNC field shall consist of 128 bits of scrambled "1" bits. This field is provided so the receiver ca
form the necessary synchronization operations. The initial state of the scrambler (seed) shall be 
where the MSB-1 specifies the first delay element (Z1) in Figure 5 and the LSB specifies the last delay e
ment in the scrambler. 

To support the reception of IEEE 802.11 DSSS signals generated with implementations based on cla
the receiver shall also be capable of synchronization on a SYNC field derived from any non-zero scr
initial state.

18.2.3.2 Long PLCP Start Frame Delimiter (SFD)

The SFD shall be provided to indicate the start of PHY dependent parameters within the PLCP Pre
The SFD shall be a 16-bit field, X'F3A0' (msb to lsb). The lsb shall be transmitted first in time. 

18.2.3.3 Long PLCP IEEE 802.11 Signal (SIGNAL) field

The 8-bit IEEE 802.11 signal field indicates to the PHY the modulation that shall be used for transm
(and reception) of the PSDU. The data rate shall be equal to the SIGNAL field value multiplied by 10

PPDU

96µs

SHORT SYNC
56 BITS

SHORT SFD
16 BITS

SIGNAL
8 BITS

SERVICE
8 BITS

LENGTH
16 BITS

CRC
16 BITS

SHORT PLCP PREAMBLE
72 BITS @ 1 Mbit/s

SHORT PLCP HEADER
48 BITS @ 2 Mbit/s

SCRAMBLED ZEROS BACKWARD
SFD

DBPSK BARKER

2 Mbit/s

PSDU
VARIABLE @ 2, 5.5, OR 11Mbit/s

Figure 2—Short PLCP PPDU format
Copyright © 1999 IEEE. All rights reserved.
15 This is an unapproved IEEE Standards Draft, subject to change



IEEE
P802.11b/D3.1, 1 March 1999 Draft Suppliment to Standard for LAN/MAN PART 11: MAC & PHY SPECIFICATIONS:

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

b shall

by the

he msb
o indi-
sed to
cillator
tation
CITT
the val-

conds
taRate
lause

ion in
 the
bit/s, a
aller

ervice
he
s. The High Rate PHY supports four mandatory rates given by the following 8 bit words, where the ls
be transmitted first in time:

a) X'0A' (msb to lsb) for 1 Mbit/s

b) X'14' (msb to lsb) for 2 Mbit/s

c) X’37’ (msb to lsb) for 5.5 Mbit/s

d) X’6E’ (msb to lsb) for 11 Mbit/s

The High Rate PHY rate change capability is described in 18.2.3.14. This field shall be protected 
CCITT CRC-16 frame check sequence described in 18.2.3.6.

18.2.3.4 Long PLCP IEEE 802.11 SERVICE (SERVICE) field 

Three bits have been defined in the IEEE 802.11 SERVICE field to support the high rate extension. T
bit (bit 7) shall be used to supplement the LENGTH field described in 18.2.3.5. Bit 3 shall be used t
cate whether the modulation method is CCK <0> or PBCC <1> as shown in Table 1. Bit 2 shall be u
indicate whether or not the transmit frequency and symbol clocks are derived from the same os
(locked) <1> or not <0>. This Locked Clocks bit shall be set by the PHY layer based on its implemen
configuration. The SERVICE field shall be transmitted lsb first in time and shall be protected by the C
CRC-16 frame check sequence described in 18.2.3.6. IEEE802.11 device compliance is signified by 

ues of the bits b0, b1, b4, b5 and b6 being 0.

18.2.3.5 Long PLCP Length (LENGTH) field 

The PLCP length field shall be an unsigned 16 bit integer which indicates the number of microse
required to transmit the PSDU. The transmitted value shall be determined from the LENGTH and Da
parameters in the TXVECTOR issued with the PHY-TXSTART.request primitive described in subc
18.4.4.2.

The length field provided in the TXVECTOR is in octets and is converted to microseconds for inclus
the PLCP LENGTH field. The LENGTH field is calculated as follows: Since there is an ambiguity in
number of octets that is described by a length in integer microseconds for any data rate over 8 M
Length Extension bit shall be placed at bit position b7 in the SERVICE field to indicate when the sm
potential number of octets is correct.

a) 5.5Mbit/s CCK Length = number of octets * 8/5.5, rounded up to the next integer.

b) 11Mbit/s CCK Length = number of octets * 8/11, rounded up to the next integer and the s
field MSB bit shall indicate a ‘0’ if the rounding took less than 8/11 or a ‘1’ if t
rounding took more than or equal to 8/11.

c) 5.5 Mbit/s PBCC Length = (number of octets + 1)* 8/5.5, rounded up to the next integer.

Table 1. SERVICE field definitions

b0, lsb b1 b2 b3 b4 b5 b6 b7, msb

Reserved Reserved Locked 
Clocks Bit
0 = not
1 = locked

Mod. Selec-
tion Bit
0 = CCK
1 = PBCC

Reserved Reserved Reserved Length 
Exten-
sion Bit
Copyright © 1999 IEEE. All rights reserved.
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d) 11 Mbit/s PBCC Length = (number of octets + 1)* 8/11, rounded up to the next integer and th
vice field MSB bit shall indicate a ‘0’ if the rounding took less than 8/11 or a ‘1
the rounding took more than or equal to 8/11.

At the receiver, the number of octets in the MPDU is calculated as follows:

a) 5.5 Mbit/s CCK number of octets = Length * 5.5/8, rounded down to the next integer
b) 11 Mbit/s CCK number of octets = Length * 11/8, rounded down to the next integer, minu

the service field LSB bit is a ‘1’.
c) 5.5 Mbit/s PBCC number of octets = (Length * 5.5/8) -1, rounded down to the next integer
d) 11 Mbit/s PBCC number of octets = (Length * 11/8) -1, rounded down to the next integer, mi

if the service field LSB bit is a ‘1’.

An example for an 11 Mbit/s calculation described in psuedocode form is shown below. 
At the transmitter, the values of the Length field and Length Extension bit are calculated as follows:

    LENGTH’ = ((number of octets + P) *8) / R
LENGTH = Ceiling(LENGTH’)

IF (R = 11) AND (LENGTH - LENGTH’) >= 8/11)
Then LengthExtension = 1
Else LengthExtension = 0

Where:
    R = data rate in Mbit/s
    P = 0 for CCK, =1 for PBCC
    Ceiling(X) returns the smallest
        integer value greater than or
        equal to X.

At the receiver, the number of octets in the MPDU is calculated as follows:

number of octets = Floor(((Length*R) / 8) - P) - LengthExtension

Where:
    R = data rate in Mbit/s
    P = 0 for CCK, =1 for PBCC
    Floor(X) returns the largest
        integer value less than or
        equal to X.

Table 2 shows an example calculation for several packet lengths of CCK at 11 Mbit/s:

Table 2-Example of LENGTH calculations for CCK

TX Octets Octets
*8/11 LENGTH

Length
Extension

bit

LENGTH
*11/8 floor(X) RX Octets

1023 744 744 0 1023 1023 1023

1024 744.7273 745 0 1024.375 1024 1024

1025 745.4545 746 0 1025.75 1025 1025

1026 746.1818 747 1 1027.125 1027 1026
Copyright © 1999 IEEE. All rights reserved.
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Table 3 shows an example calculation for several packet lengths of PBCC at 11 Mbit/s:

This example illustrates why normal rounding or truncation of the number will not produce the right r
the length is microseconds should at least cover the actual length and the number of octets should b

The lsb (least significant bit) shall be transmitted first in time. This field shall be protected by the C
CRC-16 frame check sequence described in subclause 18.2.3.6.

18.2.3.6 PLCP CRC (CCITT CRC-16) field

The SIGNAL, SERVICE, and LENGTH fields shall be protected with a CCITT CRC-16 FCS (frame c
sequence). The CCITT CRC-16 FCS shall be the one’s complement of the remainder generated by t
ulo 2 division of the protected PLCP fields by the polynomial:

x16 + x12 + x5 + 1

The protected bits shall be processed in transmit order. All FCS calculations shall be made prior 
scrambling. A schematic of the processing is shown in Figure 3

As an example, the SIGNAL, SERVICE, and LENGTH fields for a DBPSK signal with a PPDU leng
192 µs (24 octets) would be given by the following:

0101 0000 0000 0000 0000 0011 0000 0000 (leftmost bit transmitted first in time)

The one’s complement FCS for these protected PLCP Preamble bits would be the following:

0101 1011 0101 0111 (leftmost bit transmitted first in time)

Figure 3 depicts this example.

An illustrative example of the CCITT CRC-16 FCS using the information from Figure 3 follows in Figu

18.2.3.7 Long PLCP Data Modulation and Modulation Rate Change

The long PLCP preamble and header shall be transmitted using the 1 Mbit/s DBPSK modulatio
802.11 SIGNAL and SERVICE fields combined shall indicate the modulation which shall be used to 
mit the PSDU. The SIGNAL field indicates the rate and the SERVICE field indicates the modulation
transmitter and receiver shall initiate the modulation and rate indicated by the 802.11 SIGNAL and
VICE fields starting with the first octet of the PSDU. The PSDU transmission rate shall be set by the
ARATE parameter in the TXVECTOR issued with the PHY-TXSTART.request primitive describe
subclause 18.4.4.1.

Table 3-Example of LENGTH calculations for PBCC

TX Octets (Octets
*8/11) + 1 LENGTH

Length
Extension

bit

(LENGTH
*11/8) - 1 floor(X) RX Octets

1023 744.7273 745 0 1023.375 1023 1023

1024 745.4545 746 0 1024.750 1024 1024

1025 746.1818 747 1 1026.125 1026 1025

1026 746.9091 747 0 1026.125 1026 1026
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18.2.3.8 Short PLCP Synchronization (shortSYNC)

The SYNC field shall consist of 56 bits of scrambled "0" bits. This field is provided so the receiver ca
form the necessary synchronization operations. The initial state of the scrambler (seed) shall be 
where the MSB-1 specifies the first delay element (Z1) in Figure 5 and the LSB specifies the last delay e
ment (Z7). 

Figure 3—CCITT CRC-16 Implementation

CCITT
CRC-16

PRESET
TO ONES

SERIAL DATA
INPUT

SERIAL DATA
OUTPUT

TRANSMIT AND RECEIVE PLCP HEADER
CCIT CRC-16 CALCULATOR

1. PRESET TO ALL ONES
2. SHIFT SIGNAL, SERVICE LENGTH FIELDS

THROUGH THE SHIFT REGISTER
3. TAKE ONES COMPLEMENT OF REMAINDER
4. TRANSMIT OUT SERIAL msb FIRST

ONES COMPLEMENT
SERIAL DATA OUTPUT
(msb FIRST)

SERIAL DATA
INPUT

CCITT CRC-16 POLYNOMIAL: G(x) = X 16 + X12 + X5 + 1

X15 X14 X13 X12
X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0

msb lsb

+ + +
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18.2.3.9 Short PLCP Start Frame Delimiter Field (shortSFD)

The shortSFD shall be a 16 bit field and be the time reverse of the field of the SFD in the long PLCP 
ble (subclause18.2.3.2). The field is X’05CF’ (msb to lsb). The lsb shall be transmitted first in tim
receiver not configured to receive the high rate signals will not detect this SFD.

shortSFD: X’05CF’ = 0000 0101 1100 1111 msb - lsb

18.2.3.10 Short PLCP SIGNAL Field (shortSignal)

The 8 bit 802.11 SIGNAL Field of the short header indicates to the PHY the modulation which shall b
for transmission (and reception) of the PSDU. A PHY operating with a HR/DSSS/short option su
three mandatory rates given by the following 8 bit words, where the lsb shall be transmitted first in tim

a) X’14’ (msb to lsb) for 2 Mbit/s
a) X’37’ (msb to lsb) for 5.5 Mbit/s
b) X’6E’ (msb to lsb) for 11 Mbit/s

18.2.3.11 Short PLCP SERVICE Field (shortService)

The SERVICE field in the short header shall be the same as the SERVICE field described in sub
18.2.3.4.

Data CRC registers
msb lsb

1111111111111111 ; initialize preset to 1’s
0 1110111111011111
1 1101111110111110
0 1010111101011101
1 0101111010111010
0 1011110101110100
0 0110101011001001
0 1101010110010010
0 1011101100000101
0 0110011000101011
0 1100110001010110
0 1000100010001101
0 0000000100111011
0 0000001001110110
0 0000010011101100
0 0000100111011000
0 0001001110110000
0 0010011101100000
0 0100111011000000
0 1001110110000000
0 0010101100100001
0 0101011001000010
0 1010110010000100
1 0101100100001000
1 1010001000110001
0 0101010001000011
0 1010100010000110
0 0100000100101101
0 1000001001011010
0 0001010010010101
0 0010100100101010
0 0101001001010100
0 1010010010101000

0101101101010111 ; one’s complement, result = CRC FCS parity

Figure 4—Example CRC calculation
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18.2.3.12 Short PLCP Length Field (shortLENGTH)

The LENGTH field in the short header shall be the same as the LENGTH field described in sub
18.2.3.5

18.2.3.13 Short CCITT CRC-16 Field (shortCRC)

The CRC in the short header shall be the same as the CRC field as defined in subclause 18.2.3.6. T
16 is calculated over the shortSIGNAL, shortSERVICE, and shortLENGTH fields.

18.2.3.14 Short PLCP Data Modulation and Modulation rate Change

The short PLCP preamble shall be transmitted using the 1 Mbit/s DBPSK modulation. The short 
header shall be transmitted using the 2 Mbit/s modulation. The 802.11 SIGNAL and SERVICE fields
bined shall indicate the modulation which shall be used to transmit the PSDU. The SIGNAL field ind
the rate and the SERVICE field indicates the modulation. The transmitter and receiver shall initiate th
ulation and rate indicated by the 802.11 SIGNAL and SERVICE fields starting with the first octet o
PSDU. The PSDU transmission rate shall be set by the DATARATE parameter in the TXVECTOR i
with the PHY-TXSTART.request primitive described in subclause 18.4.4.1.

18.2.4 PLCP/High Rate PHY data scrambler and descrambler

The polynomial G(z) = z–7 + z–4 + 1 shall be used to scramble all bits transmitted. The feedthrough configura
tion of the scrambler and descrambler is self-synchronizing, which requires no prior knowledge of the tra
ter initialization of the scrambler for receive processing. Figure 5 and Figure 6 show typical implementat
the data scrambler and descrambler, but other implementations are possible.

The scrambler shall be initialized to X’6C’ when transmitting a long PLCP preamble. This shall result 
scrambler registers Z1 through Z7 in Figure 5 having the data pattern: 1101100 (i.e. Z1=1... Z7=0) when the
scrambler is first started. The scrambler shall be initialized with the reverse pattern, X’1B’ when tran
ting the optional short preamble. 

18.2.5 PLCP transmit procedure

The transmit procedures for a High Rate PHY using the long PLCP preamble and header are the 
those described in IEEE 802.11 Std-1997, subclauses 15.2.7 and 15.2.8 and do not change apart 
ability to transmit 5.5 and 11 Mbit/s.

Figure 5—Data scrambler

SERIAL DATA
Z1 Z2 Z3 Z4 Z5 Z6 Z7

XOR

XOR

SERIAL DATA

Scrambler Polynomial; G(z) = Z -7 +Z-4 +1

 OUTPUT

 INPUT
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The procedures for a transmitter employing HR/DSSS/short and HR/DSSS/PBCC/short are the same excep
for length and rate changes. The decision for using a long or short PLCP is beyond the scope of th
dard.

The PLCP transmit procedure is shown in Figure 7. 

A PHY-TXSTART.request(TXVECTOR) primitive will be issued by the MAC to start the transmission 
PPDU. In addition to DATARATE and LENGTH other transmit parameters such as PREAMBLE_TYPE
MODULATION are set via the PHY-SAP with the PHY-TXSTART.request(TXVECTOR) as describe
18.3.5. The SIGNAL, SERVICE and LENGTH fields of the PLCP header are calculated as described 
clause 18.2.3.

The PLCP shall issue PMD_ANTSEL, PMD_RATE, and PMD_TXPWRLVL primitives to configure the P
The PLCP shall then issue a PMD_TXSTART.request and the PHY entity shall immediately initiate
scrambling and transmission of the PLCP Preamble based on the parameters passed in th
TXSTART.request primitive. The time required for TX power on ramp described in 18.4.7.7 shall be inc
in the PLCP synchronization field. Once the PLCP Preamble transmission is complete, data shall be ex
between the MAC and the PHY by a series of PHY-DATA.request(DATA) primitives issued by the MAC
PHY-DATA.confirm primitives issued by the PHY. The modulation and rate change, if any, shall be ini
with the first data symbol of the PSDU as described in 18.2.3.7 and 18.2.3.14. The PHY proceeds with
transmission through a series of data octet transfers from the MAC. At the PMD layer, the data octets 
in lsb to msb order and presented to the PHY layer through PMD_DATA.request primitives. Transmissi
be prematurely terminated by the MAC through the primitive PHY-TXEND.request. PHY-TXSTART sha
disabled by the issuance of the PHY-TXEND.request. Normal termination occurs after the transmission
final bit of the last PSDU octet calculated from the number supplied in the PHY preamble LENGTH and
VICE fields using the equations specified in 18.2.3.5. The PPDU transmission shall be completed and t
entity shall enter the receive state (i.e., PHY-TXSTART shall be disabled). It is recommended that mod
continue during power-down to prevent radiating a CW carrier. Each PHY-TXEND.request is acknowl
with a PHY-TXEND.confirm primitive from the PHY.

A typical state machine implementation of the PLCP transmit procedure is provided in Figure 8. 

18.2.6 PLCP receive procedure

The receive procedures for receivers configured to receive the mandatory and optional PLCPs, Ra
Modulations are described in this section. A receiver that supports this high rate extension of the sta
capable of receiving 5.5 Mbit/s and 11 Mbit/s in addition to 1 and 2 Mbit/s. If the PHY implements the

Figure 6—Data descrambler

SERIAL DATA INPUT Z1 Z2 Z3 Z4 Z5 Z6 Z7

XORXOR

SERIAL DATA OUTPUT

Descrambler Polynomial; G(z) = Z -7 +Z-4 +1
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preamble option, it shall detect both short and long preamble formats and indicate which type of pre
was received in the RXVECTOR. If the PHY implements the PBCC modulation option it shall detect 
CCK or PBCC modulations as indicated in the SIGNAL field and shall report the type of modulation u
the RXVECTOR

The receiver shall implement the CCA procedure as define in subclause 18.4.8.4.

Upon receiving a PPDU the receiver shall distinguish between a long and short header format by the 
the SFD as specified in 18.2.2 The receiver shall demodulate a long PLCP header using BPSK at 1
The receiver shall demodulate a short PLCP header using QPSK at 2 Mbit/s. The receiver shall use t
NAL and SERVICE fields of the PLCP header to determine the data rate and the modulation of the P

The PLCP receive procedure is shown in Figure 9.

Figure 7—PLCP Transmit Procedure
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In order to receive data, PHY-TXSTART.request shall be disabled so that the PHY entity is in the r
state. Further, through station management via the PLME, the PHY is set to the appropriate channel
CCA method is chosen. Other receive parameters such as receive signal strength indication (RSSI
quality (SQ), and indicated DATARATE may be accessed via the PHY-SAP.

Upon receiving the transmitted energy, according to the selected CCA mode, the PMD_ED shall be e
(according to 18.4.8.4) as the RSSI strength reaches the ED_THRESHOLD and/or PMD_CS s
enabled after code lock is established. These conditions are used to indicate activity to the MAC via
CCA.indicate according to 18.4.8.4. PHY-CCA.indicate(BUSY) shall be issued for energy detection a

Figure 8—PLCP transmit state machine

PHY_TXSTART.request(TXVECTOR)

initialize
TX PSDU OCTET

TX SYMBOL

TX PLCP DATA

SETUP PSDU TX

Decrement Bit

Decrement Length

Switch to RX STATE

A

A At any stage in the above flow diagram, if a PHY_TXTEND.request is received

PMD_TXPWRLVL.req
PMD_ANTSEL.req

TX SYNC PATTERN

PMD_RATE.req (DBPSK)

PMD_TXSTART.req

TX 128 scrambled 1’s

TX 16 bit SFD
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TX 16 bit CRC

Set Rate
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set length count

decrement length count

decrement bit count
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bit count = 0
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Copyright © 1999 IEEE. All rights reserved.
24 This is an unapproved IEEE Standards Draft, subject to change



IEEE
HIGHER SPEED PHYSICAL LAYER IN THE 2.4 GHz BAND P802.11b/D3.1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

SI are

 SFD
 and
 FCS
tatus of
PHY
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 this
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ause
E or
code lock prior to correct reception of the PLCP header. The PMD primitives PMD_SQ and PMD_RS
issued to update the RSSI and SQ parameters reported to the MAC.

After PHY-CCA.indicate is issued, the PHY entity shall begin searching for the SFD field. Once the
field is detected, CCITT CRC-16 processing shall be initiated and the PLCP SIGNAL, SERVICE
LENGTH fields are received. The CCITT CRC-16 FCS shall be processed. If the CCITT CRC-16
check fails, the PHY receiver shall return to the RX Idle state as depicted in Figure 10. Should the s
CCA return to the IDLE state during reception prior to completion of the full PLCP processing, the 
receiver shall return to the RX Idle state.

If the PLCP Header reception is successful (and the SIGNAL field is completely recognizable an
ported), a PHY-RXSTART.indicate(RXVECTOR) shall be issued. The RXVECTOR associated with
primitive includes the SIGNAL field, the SERVICE field, the PSDU length in octets (calculated from
LENGTH field in microseconds and the DATARATE in Mbit/s in accordance with the formula in subcl
18.2.3.5), RXPREAMBLE_TYPE (which is an enumerated type taking on values SHORTPREAMBL
LONGPREAMBLE), the antenna used for receive (RX_ANTENNA), RSSI, and SQ.

Figure 9—PLCP receive procedure
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The received PSDU bits are assembled into octets and presented to the MAC using a series o
DATA.indicate(DATA) primitive exchanges. The rate and modulation change indicated in the SIGNAL
shall be initiated with the first symbol of the PSDU as described in 18.2.5. The PHY proceeds with 
reception. After the reception of the final bit of the last PSDU octet indicated by the PLCP Pre
LENGTH field, the receiver shall be returned to the RX Idle state as shown in Figure 10. A 
RXEND.indicate(NoError) primitive shall be issued. A PHY-CCA.indicate(IDLE) primitive shall be iss
following a change in PHYCS (PHY carrier sense) and/or PHYED (PHY energy detection) according
selected CCA method.

In the event that a change in PHYCS or PHYED would cause the status of CCA to return to the IDL
before the complete reception of the PSDU as indicated by the PLCP LENGTH field, the error con
PHY-RXEND.indicate(CarrierLost) shall be reported to the MAC. The High Rate PHY shall ensure th
CCA will indicate a busy medium for the intended duration of the transmitted PPDU.

If the PLCP Header is successful, but the indicated rate or modulation in the SIGNAL and SERVICE
are not within the capabilities of the receiver, a PHY-RXSTART.indicate shall not be issued. The PHY
issue the error condition PHY-RXEND.indicate(UnsupportedRate). If the PLCP Header is invalid, a 
RXSTART.indicate shall not be issued and the PHY shall issue the error condition PHY-RXEND
cate(FormatViolation). Also, in both cases, the High Rate PHY shall ensure that the CCA shall ind
busy medium for the intended duration of the transmitted PSDU as indicated by the LENGTH field
intended duration is indicated by the LENGTH field (LENGTH × 1 µs).

A typical state machine implementation of the PLCP receive procedure is provided in Figure 10.
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 higher
T, and
18.3 High Rate physical layer management entity (PLME)

18.3.1 PLME_SAP sublayer management primitives

Table 4 lists the MIB attributes that may be accessed by the PHY sublayer entities and intralayer or
layer management entities (LME). These attributes are accessed via the PLME-GET, PLME-SE
PLME-RESET primitives defined in IEEE Std 802.11-1997 Clause 10.

Figure 10—PLCP receive state machine
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lues
18.3.2 High Rate PHY MIB

All High Rate PHY MIB attributes are defined in Annex D of IEEE Std 802.11-1997, with specific va
defined in Table 4.

Table 4—MIB Attribute Default Values/Ranges 

Managed object Default value/range Operational 
semantics

dot11PhyOperationTable

dot11PHYType High Rate -2.4(TBD) Static

dot11TempType Implementation dependent Static

dot11CurrentRegDomain Implementation dependent Static

dot11ShortPreambleOptionImpleme
nted 

Implementation dependent Static

dot11PBCCOptionImplemented Implementation dependent Static

dot11ChannelAgility Present Implementation dependent Static

dot11ChannelAgilityEnabled False/Boolean Dynamic

dot11PhyAntennaTable

dot11CurrentTxAntenna Implementation dependent Dynamic

dot11DiversitySupport Implementation dependent Static

dot11CurrentRxAntenna Implementation dependent Dynamic

dot11PhyTxPowerTable

dot11NumberSupportedPowerLevels Implementation dependent Static

dot11TxPowerLevel1 Implementation dependent Static

dot11TxPowerLevel2 Implementation dependent Static

dot11TxPowerLevel3 Implementation dependent Static

dot11TxPowerLevel4 Implementation dependent Static

dot11TxPowerLevel5 Implementation dependent Static

dot11TxPowerLevel6 Implementation dependent Static

dot11TxPowerLevel7 implementation dependent Static

dot11TxPowerLevel8 Implementation dependent Static

dot11CurrentTxPowerLevel Implementation dependent Dynamic

dot11PhyDSSSTable

dot11CurrentChannel Implementation dependent Dynamic

dot11CCAModeSupported Implementation dependent Static

dot11CurrentCCAMode Implementation dependent Dynamic

dot11EDThreshold Implementation dependent Dynamic

dot11AntennasListTable

dot11SupportTxAntenna Implementation dependent Static

dot11SupportRxAntenna Implementation dependent Static

dot11DiversitySelectionRx Implementation dependent Dynamic
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itive,
 10.4.3.
18.3.3 DS PHY characteristics

The static DS PHY characteristics, provided through the PLME-CHARACTERISTICS service prim
are shown in Table 5. The definitions of these characteristics are in IEEE Std 802.11-1997 subclause

dot11RegDomainsSupportedTable

dot11RegDomainsSupported Implementation dependent Static

dot11SupportedDataRatesTx Table Tx X'02', X'04,' X’0B’, 
X’16’

Static

dot11SupportedDataRatesRx Table Rx X'02', X'04,' X’0B’, 
X’16’

Static

NOTE—The column titled “Operational semantics” contains two types: static and dynamic.
Static MIB attributes are fixed and cannot be modified for a given PHY implementation.
MIB attributes defined as dynamic can be modified by some management entities.

Table 5—High Rate  PHY Characteristics

Characteristic Value

aSlotTime 20 µs

aSIFSTime 10 µs

aCCATime <15 µs

aRxTxTurnaroundTime <5 µs

aTxPLCPDelay Implementors may choose any value for this delay as long 
as the requirements of aRxTxTurnaroundTime are met.

aRxPLCPDelay Implementors may choose any value for this delay as long 
as the requirements of aSIFSTime and aCCATime are met.

aRxTxSwitchTime <5 µs

aTxRampOnTime Implementors may choose any value for this delay as long 
as the requirements of aRxTxTurnaroundTime are met.

Table 4—MIB Attribute Default Values/Ranges   (continued)

Managed object Default value/range Operational 
semantics
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18.3.4 High Rate TXTIME calculation

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

TXTIME = aPreambleLength + PLCPHeaderTime + Ceiling(((LENGTH+PBCC) x 8) / DA
ARATE)

Where LENGTH and DATARATE are values from the TXVECTOR parameter of the corresponding PL
TXTIME.request primitive. PBCC has a value of 1 if the SIGNAL value from the TXVECTOR param
specifies PBCC and has a value of 0 otherwise. The value of aPreambleLength is 144 microsecon
TXPREAMBLE_TYPE value from the TXVECTOR parameter indicates "LONGPREAMBLE" or 72 micro-
seconds if the TXPREAMBLE_TYPE value from the TXVECTOR parameter indicates "SHORTPREAM-
BLE". The value of PLCPHeaderTime is 48 microseconds if the TXPREAMBLE_TYPE value from
TXVECTOR parameter indicates "LONGPREAMBLE" or 24 microseconds if the TXPREAMBLE_TYPE
value from the TXVECTOR parameter indicates "SHORTPREAMBLE". LENGTH is in units of octets. DAT-
ARATE is in units of Mbit/s. Ceiling is a function which returns the smallest integer value greater th
equal to its argument value.

18.3.5 Vector Descriptions

Several service primitives include a parameter vector. These vectors are a list of parameters as desc
Table 6. DATARATE and LENGTH are described in subclause 12.3.4.4 in IEEE Std 802.11-1997. The
remaining parameters are considered to be management parameters and are specific to this PHY.

Table 6, Parameter Vectors

aTxRampOffTime Implementors may choose any value for this delay as long 
as the requirements of aSIFSTime are met.

aTxRFDelay Implementors may choose any value for this delay as long 
as the requirements of aRxTxTurnaroundTime are met.

aRxRFDelay Implementors may choose any value for this delay as long 
as the requirements of aSIFSTime and aCCATime are met.

aAirPropagationTime 1 µs

aMACProcessingDelay 0 (not applicable)

aPreambleLength 144 µs using long preamble, or 72 µs using short preamble

aPLCPHeaderLength 48 bits

aMPUMaxLength 14< x < (212 – 1)

aCWmin 31 using long preamble, 7 using short preamble

aCWmax 1023 using long preamble, 127 using short preamble

Parameter Associated Vector Value
DATARATE RXVECTOR, TXVECTOR The rate used to transmit the 

PSDU in Mbit/s
LENGTH RXVECTOR, TXVECTOR The length of the PSDU in octets.

Table 5—High Rate  PHY Characteristics

Characteristic Value
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18.4 High Rate PMD sublayer

18.4.1 Scope and field of application

This subclause describes the Physical Medium Dependent (PMD) services provided to the PLCP 
High Rate PHY. Also defined in this subclause are the functional, electrical, and RF characteristics re
for interoperability of implementations conforming to this specification. The relationship of this spec
tion to the entire High Rate physical layer is shown in Figure 11.

18.4.2 Overview of service

The High Rate PMD sublayer accepts PLCP sublayer service primitives and provides the actual m
which data shall be transmitted or received from the medium. The combined function of High Rate
sublayer primitives and parameters for the receive function results in a data stream, timing informatio
associated received signal parameters being delivered to the PLCP sublayer. A similar functionality
vided for data transmission.

18.4.3 Overview of interactions

The primitives associated with the IEEE 802.11 PLCP sublayer to the High Rate PMD fall into two 
categories:

a) Service primitives that support PLCP peer-to-peer interactions

b) Service primitives that have local significance and that support sublayer-to-sublayer interactio

PREAMBLE_TYPE RXVECTOR, TXVECTOR The preamble used for the transmis-
sion of this PPDU. This is an enu-
merated type that can take the value 
SHORTPREAMBLE or LONGPRE-
AMBLE.

MODULATION RXVECTOR, TXVECTOR The modulation used for the trans-
mission of this PSDU. This is an 
integer where 0 means CCK and 1 
means PBCC.

Figure 11. Layer Reference Model

MAC MAC MAC
MANAGE-

STATION

MANAGEMENT

CONVERGENCE LAYER

PHY DSSS PLCP SUBLAYER

DSSS PMD SUBLAYER
PMD SAP

PHY
MANAGE-

MENT

MENT
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 speci-
18.4.4 Basic service and options

All of the service primitives described in this subclause are considered mandatory unless otherwise
fied.

18.4.4.1 PMD_SAP peer-to-peer service primitives

Table 7 indicates the primitives for peer-to-peer interactions.

18.4.4.2 PMD_SAP sublayer-to-sublayer service primitives

Table 8 indicates the primitives for sublayer-to-sublayer interactions.

18.4.4.3 PMD_SAP service primitive parameters

18.4.5 PMD_SAP detailed service specification

The following subclauses describe the services provided by each PMD primitive.

18.4.5.1 PMD_DATA.request

18.4.5.1.1 Function 

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

Table 7—PMD_SAP Peer-to-Peer Service Primitives

Primitive Request Indicate Confirm Response

PMD_DATA X X

Table 8—PMD_SAP Sublayer-to-Sublayer Service Primitives

Primitive Request Indicate Confirm Response

PMD_TXSTART X

PMD_TXEND X

PMD_ANTSEL X X

PMD_TXPWRLVL X

PMD_MODULATION X X

PMD_PREAMBLE X X

PMD_RATE X X

PMD_RSSI X

PMD_SQ X

PMD_CS X

PMD_ED X X
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18.4.5.1.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.1.3 When generated

This primitive shall be generated by the PLCP sublayer to request transmission of a symbol. The da
for this primitive shall be supplied by PMD layer based on the PN code repetition.

18.4.5.1.4 Effect of receipt

The PMD performs the differential encoding, PN code modulation and transmission of the data.

18.4.5.2 PMD_DATA.indicate

18.4.5.2.1 Function 

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

18.4.5.2.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.2.3 When generated

This primitive, which is generated by the PMD entity, forwards received data to the PLCP sublayer. Th
clock for this primitive shall be supplied by PMD layer based on the PN code repetition.

Parameter Associated primitive Value Description

TXD_UNIT PMD_DATA.request One(1), Zero(0): DBPSK
dibit combinations
00,01,11,10: DQPSK
00h - 0Fh: 5.5 Mbit/s
00h - FFh: 11 Mbit/s

This parameter repre-
sents a single block of 
data, which, in turn, 
shall be used by the 
PHY to be differentially 
encoded into a transmit-
ted symbol. The symbol 
itself shall be spread by 
the PN code prior to 
transmission.

Parameter Associated primitive Value Description

RXD_UNIT PMD_DATA.indicate One(1), Zero(0): DBPSK
dibit combinations
00,01,11,10: DQPSK
00h - 0Fh: 5.5 Mbit/s
00h - FFh: 11 Mbit/s

 This parameter repre-
sents a single symbol 
that has been demodu-
lated by the PMD entity. 
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18.4.5.2.4 Effect of receipt

The PLCP sublayer either interprets the bit or bits that are recovered as part of the PLCP convergenc
dure or passes the data to the MAC sublayer as part of the PSDU.

18.4.5.3 PMD_MODULATION.request

18.4.5.3.1 Function 

This primitive, which is generated by the PHY PLCP sublayer, selects the modulation code that shall b
by the High Rate PHY for transmission.

18.4.5.3.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.3.3 When generated

This primitive shall be generated by the PLCP sublayer to change or set the current High Rate PHY m
tion code used for the PSDU portion of a PPDU. The PMD_MODULATION.request primitive is norm
issued prior to issuing the PMD_TXSTART command.

18.4.5.3.4 Effect of receipt

The receipt of PMD_MODULATION selects the modulation that shall be used for all subsequent P
transmissions. This code shall be used for transmission only. The High Rate PHY shall still be cap
receiving all the required High Rate PHY modulations. This primitive, which is generated by the 
entity, sets the state of the PHY for demodulation of the appropriate modulation. 

18.4.5.4 PMD_PREAMBLE.request

18.4.5.4.1 Function 

This primitive, which is generated by the PHY PLCP sublayer, selects the preamble mode that shall b
by the High Rate PHY for transmission.

Parameter Associated primitive Value Description

MODULATION PMD_MODULATION.request
PMD_MODULATION.indicate

‘0’ for CCK
‘1’ for PBCC

In Receive mode, the 
MODULATION 
parameter informs the 
LCP layer which of the 
PHY data modulations 
was used to process the 
PSDU portion of the 
PPDU. Subclause 
18.4.6.3 provides fur-
ther information on the 
High Rate PHY modu-
lation codes. 
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18.4.5.4.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.4.3 When generated

This primitive shall be generated by the PLCP sublayer to change or set the current High Rate PHY 
ble mode used for the PLCP portion of a PPDU. The PMD_PREAMBLE.request primitive is norm
issued prior to issuing the PMD_TXSTART command.

18.4.5.4.4 Effect of receipt

The receipt of PMD_PREAMBLE selects the preamble mode that shall be used for all subsequent
transmissions. This mode shall be used for transmission only. The High Rate PHY shall still be cap
receiving all the required High Rate PHY preambles. This primitive, which is generated by the PMD 
sets the state of the PHY for modulation of the appropriate mode. 

18.4.5.5 PMD_PREAMBLE.indicate

18.4.5.5.1 Function 

This primitive, which is generated by the PMD sublayer, indicates which preamble mode was used to 
the PLCP portion of the PPDU.

Parameter Associated primitive Value Description

PREAMBLE PMD_PREAMBLE.request ‘0’ for long
‘1’ for short

PREAMBLE selects 
which of the High 
Rate PHY preamble 
types shall be used 
for PLCP transmis-
sion. Subclause 
18.2.2 provides fur-
ther information on 
the High Rate PHY 
preamble modes. 
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18.4.5.5.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.5.3 When generated

This primitive shall be generated by the PMD sublayer when the PLCP Preamble has been p
detected.

18.4.5.5.4 Effect of receipt

This parameter shall be provided to the PLCP layer for information only.

18.4.5.6 PMD_TXSTART.request

18.4.5.6.1 Function 

As a result of receiving a PHY_DATA.request from the MAC, the PLCP issues this primitive, which init
PPDU transmission by the PMD layer. 

18.4.5.6.2 Semantics of the service primitive

The primitive shall provide the following parameters:

PMD_TXSTART.request

18.4.5.6.3 When generated

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

18.4.5.6.4 Effect of receipt

PMD_TXSTART initiates transmission of a PPDU by the PMD sublayer.

Parameter Associated primitive Value Description

PREAMBLE PMD_PREAMBLE.indicate ‘0’ for long
‘1’ for short

In receive mode, the 
PREAMBLE param-
eter informs the 
PLCP layer which of 
the High Rate PHY 
preamble modes was 
used to send the 
PLCP portion of the 
PPDU. 
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18.4.5.7 PMD_TXEND.request

18.4.5.7.1 Function 

This primitive, which is generated by the PHY PLCP sublayer, ends PPDU transmission by the PMD 

18.4.5.7.2 Semantics of the service primitive

The primitive shall provide the following parameters:

PMD_TXEND.request

18.4.5.7.3 When generated

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

18.4.5.7.4 Effect of receipt

PMD_TXEND terminates transmission of a PPDU by the PMD sublayer. 

18.4.5.8 PMD_ANTSEL.request

18.4.5.8.1 Function 

This primitive, which is generated by the PHY PLCP sublayer, selects the antenna used by the P
transmission or reception (when diversity is disabled).

18.4.5.8.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.8.3 When generated

This primitive shall be generated by the PLCP sublayer to select a specific antenna for transmiss
reception when diversity is disabled).

18.4.5.8.4 Effect of receipt

PMD_ANTSEL immediately selects the antenna specified by ANT_STATE.

Parameter Associated primitive Value Description

ANT_STATE PMD_ANTSEL.request
PMD_ANTSEL.indicate

1 to 256 ANT_STATE selects 
which of the avail-
able antennas should 
be used for transmit. 
The number of avail-
able antennas shall be 
determined from the 
MIB table parameters 
aSuprtRxAntennas 
and aSuprtTxAnten-
nas.
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18.4.5.9 PMD_TXPWRLVL.request

18.4.5.9.1 Function

This primitive, which is generated by the PHY PLCP sublayer, selects the power level used by the P
transmission.

18.4.5.9.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.9.3 When generated

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

18.4.5.9.4 Effect of receipt

PMD_TXPWRLVL immediately sets the transmit power level given by TXPWR_LEVEL.

18.4.5.10 PMD_RATE.request

18.4.5.10.1 Function

This primitive, which is generated by the PHY PLCP sublayer, selects the data rate that shall be use
High Rate PHY for transmission.

Parameter Associated primitive Value Description

TXPWR_LEVEL PHY-TXPWR_LEVEL.request 0, 1, 2, 3 (max of 4 levels)TXPWR_LEVEL 
selects which of the 
optional transmit 
power levels should 
be used for the cur-
rent PPDU transmis-
sion. The number of 
available power lev-
els shall be deter-
mined by the MIB 
parameter 
dot11NumberSupport
edPowerLevels. Sub-
clause 18.4.7.3 pro-
vides further 
information on the 
optional High Rate 
PHY power level 
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18.4.5.10.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.10.3 When generated

This primitive shall be generated by the PLCP sublayer to change or set the current High Rate PHY d
used for the PSDU portion of a PPDU.

18.4.5.10.4 Effect of receipt

The receipt of PMD_RATE selects the rate that shall be used for all subsequent PSDU transmission
rate shall be used for transmission only. The High Rate PHY shall still be capable of receiving a
required High Rate PHY data rates.

18.4.5.11 PMD_RSSI.indicate

18.4.5.11.1 Function

This optional primitive, which is generated by the PMD sublayer, provides to the PLCP the received
strength.

18.4.5.11.2 Semantics of the service primitive

The primitive shall provide the following parameters:

Parameter Associated primitive Value Description

RATE PMD_RATE.indicate
PMD_RATE.request

X'0A' for 1 Mbit/s 
DBPSK
X'14' for 2 Mbit/s 
DQPSK
X’37’ for 5.5 Mbit/s 
X’6E’ for 11 Mbit/s 

RATE selects which 
of the High Rate 
PHY data rates shall 
be used for PSDU 
transmission. Sub-
clause 18.4.6.3 pro-
vides further 
information on the 
High Rate PHY data 
rates. The High Rate 
PHY rate change 
capability is fully 
described in 18.2.

Parameter Associated primitive Value Description

RSSI PMD_RSSI.indicate 0–8 bits of RSSI The RSSI shall be a 
measure of the RF 
energy received by 
the High Rate PHY. 
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18.4.5.11.3 When generated

This primitive shall be generated by the PMD when the High Rate PHY is in the receive state. It sh
continuously available to the PLCP, which, in turn, provides the parameter to the MAC entity.

18.4.5.11.4 Effect of receipt

This parameter shall be provided to the PLCP layer for information only. The RSSI may be used in co
tion with SQ as part of a CCA scheme.

18.4.5.12 PMD_SQ.indicate

18.4.5.12.1 Function 

This optional primitive, which is generated by the PMD sublayer, provides to the PLCP and MAC enti
signal quality (SQ) of the High Rate PHY PN code correlation. As a minimum, SQ shall be a measure
quality of BARKER code lock, providing an effective measure during the full reception of a PLCP prea
and header.

18.4.5.12.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.12.3 When generated

This primitive shall be generated by the PMD when the High Rate PHY is in the receive state and 
code lock is achieved. It shall be continuously available to the PLCP, which, in turn, provides the par
to the MAC entity.

18.4.5.12.4 Effect of receipt

This parameter shall be provided to the PLCP layer for information only. The SQ may be used in co
tion with RSSI as part of a CCA scheme.

18.4.5.13 PMD_CS.indicate

This primitive, which is generated by the PMD, shall indicate to the PLCP layer that the receive
acquired (locked) the Barker code and data is being demodulated.

18.4.5.13.1 Function

This primitive, which is generated by the PMD, shall indicate to the PLCP layer that the receive
acquired (locked) the Barker code and data is being demodulated.

Parameter Associated primitive Value Description

SQ PMD_SQ.indicate 0–8 bits of SQ This primitive shall 
be a measure of the 
signal quality 
received by the HR/
DSSS PHY.
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18.4.5.13.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.13.3 When generated

This primitive shall be generated by the PHY sublayer when the High Rate PHY is receiving a PPD
the PN code has been acquired. 

18.4.5.13.4 Effect of receipt

This indicator shall be provided to the PLCP for forwarding to the MAC entity for information purp
through the PHYCCA indicator. This parameter shall indicate that the RF medium is busy and occupie
High Rate PHY signal. The High Rate PHY should not be placed into the transmit state when PMD
ENABLED.

18.4.5.14 PMD_ED.indicate

18.4.5.14.1 Function

This optional primitive, which is generated by the PMD, shall indicate to the PLCP layer that the re
has detected RF energy indicated by the PMD_RSSI primitive that is above a predefined threshold.

Parameter Associated primitive Value Description

PMD_CS PMD_CS.indicate ‘0’ for DISABLED
‘1’ for ENABLED

The PMD_CS (car-
rier sense) primitive 
in conjunction with 
PMD_ED provide 
CCA status through 
the PLCP layer PHY-
CCA primitive. 
PMD_CS indicates a 
binary status of 
ENABLED or DIS-
ABLED. PMD_CS 
shall be ENABLED 
when the correlator 
SQ indicated in 
PMD_SQ is greater 
than the 
CS_THRESHOLD 
parameter. PMD_CS 
shall be DISABLED 
when the PMD_SQ 
falls below the corre-
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18.4.5.14.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.14.3 When generated

This primitive shall be generated by the PHY sublayer when the PHY is receiving RF energy from
source that exceeds the ED_THRESHOLD parameter.

18.4.5.14.4 Effect of receipt

This indicator shall be provided to the PLCP for forwarding to the MAC entity for information purp
through the PMD_ED indicator. This parameter shall indicate that the RF medium may be busy with
energy source that is not High Rate PHY compliant. If a High Rate PHY source is being receive
PMD_CS function shall be enabled shortly after the PMD_ED function is enabled.

18.4.5.15 PMD_ED.request

18.4.5.15.1 Function

This optional primitive, which is generated by the PHY PLCP, sets the energy detect ED THRESH
value.

Parameter Associated primitive Value Description

PMD_ED PMD_ED.indicate ‘0’ for DISABLED
‘1’ for ENABLED

The PMD_ED 
(energy detect) primi-
tive, along with the 
PMD_SQ, provides 
CCA status at the 
PLCP layer through 
the PHYCCA primi-
tive. PMD_ED indi-
cates a binary status 
of ENABLED or 
DISABLED. 
PMD_ED shall be 
ENABLED when the 
RSSI indicated in 
PMD_RSSI is greater 
than the 
ED_THRESHOLD 
parameter. PMD_ED 
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18.4.5.15.2 Semantics of the service primitive

The primitive shall provide the following parameters:

18.4.5.15.3 When generated

This primitive shall be generated by the PLCP sublayer to change or set the current High Rate PHY
detect threshold.

18.4.5.15.4 Effect of receipt

The receipt of PMD_ED immediately changes the energy detection threshold as set b
ED_THRESHOLD parameter.

18.4.6 PMD operating specifications, general

The following subclauses provide general specifications for the High Rate PMD sublayer. These spe
tions apply to both the Receive and the Transmit functions and general operation of a High Rate PHY

18.4.6.1 Operating frequency range

The High Rate PHY shall operate in the frequency range of 2.4 GHz to 2.4835 GHz as allocated by 
tory bodies in the USA and Europe or in the 2.471 GHz to 2.497 GHz frequency band as allocated b
latory authority in Japan.

18.4.6.2 Number of operating channels

The channel center frequencies and CHNL_ID numbers shall be as shown in Table 9. The FCC (U
(Canada), and ETSI (Europe) specify operation from 2.4 GHz to 2.4835 GHz. For Japan, operation i
fied as 2.471 GHz to 2.497 GHz. France allows operation from 2.4465 GHz to 2.4835 GHz, and

Parameter Associated primitive Value Description

PMD_ED PMD_ED.request ‘0’ for DISABLED
‘1’ for ENABLED

ED_THRESHOLD
sets the threshold that
the RSSI indicated
shall be greater than
in order for PMD_ED
to be enabled.

PMD_ED shall be 
DISABLED when 
the PMD_RSSI falls 
below the energy 
detect threshold.
Copyright © 1999 IEEE. All rights reserved.
43 This is an unapproved IEEE Standards Draft, subject to change



IEEE
HIGHER SPEED PHYSICAL LAYER IN THE 2.4 GHz BAND P802.11b/D3.1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

n Table

perate
. Chan-

 shall be
SK. The
 shall be

/s. An
d per-

s modu-
allows operation from 2.445 GHz to 2.475 GHz. For each supported regulatory domain, all channels i
9 marked with “X” shall be supported.

In a multiple cell network topology, overlapping and/or adjacent cells using different channels can o
simultaneously without interference if the distance between the center frequencies is at least 25 MHz
nel 14 shall be designated specifically for operation in Japan.

18.4.6.3 Modulation and channel data rates

Four modulation formats and data rates are specified for the High Rate PHY. The basic access rate
based on 1 Mbit/s DBPSK modulation. The enhanced access rate shall be based on 2 Mbit/s DQP
extended Direct Sequence specification defines two additional data rates. The high rate access rates
based on the Complementary Code Keying (CCK) modulation scheme for 5.5 Mbit/s and 11 Mbit
optional Packet Binary Convolutional Coding (PBCC) mode is also provided for potentially enhance
formance. 

18.4.6.4 Spreading sequence and modulation for 1 and 2 Mbit/s

The following 11-chip Barker sequence shall be used as the PN code sequence for the 1 and 2 Mbit/
lation:

+1, –1, +1, +1, –1, +1, +1, +1, –1, –1, –1

Table 9—High Rate PHY Frequency Channel Plan

Regulatory domains

CHNL_ID Frequency
X'10'
FCC

X'20'
IC

X'30'
ETSI

X'31'
Spain

X'32'
France

X'40'
MKK

1 2412 MHz X X X — — —

2 2417 MHz X X X — — —

3 2422 MHz X X X — — —

4 2427 MHz X X X — — —

5 2432 MHz X X X — — —

6 2437 MHz X X X — — —

7 2442 MHz X X X — — —

8 2447 MHz X X X — — —

9 2452 MHz X X X — — —

10 2457 MHz X X X X X —

11 2462 MHz X X X X X —

12 2467 MHz — — X — X —

13 2472 MHz — — X — X —

14 2484 MHz — — — — — X
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The leftmost chip shall be output first in time. The first chip shall be aligned at the start of a transmitted
bol. The symbol duration shall be exactly 11 chips long.

The DBPSK encoder for the basic access rate is specified in Table 10. The DQPSK encoder is spe
Table 11. (In the tables, +jω shall be defined as counterclockwise rotation.)

18.4.6.5 Spreading Sequences and modulation for CCK modulation at 5.5 and 11 Mbit/s

For the CCK modulation modes, the spreading code length is 8 and is based on complementary cod
chipping rate is 11 Mchip/s. The symbol duration shall be exactly 8 complex chips long.

The following formula shall be used to derive the CCK code words that shall be used for spreading b
and 11 Mbit/s:

(lsb to msb), where c is the code word

The terms: ϕ1, ϕ2, ϕ3, and ϕ4 are defined in subclause 18.4.6.5.2 for 5.5 Mbit/s and subclause 18.4.6.5
11 Mbit/s.

This formula creates 8 complex chips (lsb to msb) that are transmitted lsb first.

Table 10—1 Mbit/s DBPSK Encoding Table

Bit input Phase change (+jω)

0 0

1 π

Table 11—2 Mbit/s DQPSK Encoding Table

Dibit pattern (d0,d1)
d0 is first in time Phase change (+jω)

00 0

01 π/2

11 π

10 3π/2 (–π/2)

c ej ej ej

ej ej ej ej ej

= + + + + + + +

− + + + + − +
{ ( ), ( ), ( ),

( ), ( ), ( ), ( ), }

ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ

1 2 3 4 1 3 4 1 2 4

1 4 1 2 3 1 3 1 2 1
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This is a form of the generalized Hadamard transform encoding where ϕ1 is added to all code chips, ϕ2 is
added to all odd code chips, ϕ3 is added to all odd pairs of code chips and ϕ4 is added to all odd quads o
code chips.

The phases ϕ1 modify the phase of all code chips of the sequence and shall be DQPSK encoded for 5
11 Mbit/s. This shall take the form of rotating the whole symbol by the appropriate amount relative 
phase of the preceding symbol. Note that the msb chip of the symbol defined above is the chip that in
the symbol’s phase and it is transmitted last.

18.4.6.5.1 Cover Codes for CCK

The 4th and 7th chips are rotated 180 degrees (as shown) by a cover sequence to optimize the sequ
relation properties and minimize DC offsets in the codes. This can be seen by the minus sign on the 
7th terms in the equation in subclause 18.4.6.5.

18.4.6.5.2 CCK 5.5 Mbit/s Modulation

At 5.5 Mbit/s 4 bits (d0 to d3; d0 first in time) are transmitted per symbol.

The data bits d0 and d1 encode ϕ1 based on DQPSK. The DQPSK encoder is specified in Table 12. (In
tables, +jw shall be defined as counterclockwise rotation.). The phase change for ϕ1 is relative to the phase
ϕ1 of the preceding symbol. For the header to PSDU transition, the phase change for ϕ1 is relative to the
phase of the preceding DQPSK (2 Mbit/s) symbol. That is, the phase of the last symbol of the CRC-1
reference phase for the first symbol of the PSDU. See the definition in subclause 18.4.6.4 for the re
phase of this Barker coded symbol. A “+1” chip in the Barker code shall represent the same carrier p
a “+1” chip in the CCK code.

All odd numbered symbols of the PSDU shall be given an extra 180 degree (π) rotation in addition to the
standard DQPSK modulation as shown in Table 12. The symbols of the PSDU shall be numbered 
with “0” for the first symbol for the purposes of determining odd and even symbols. That is, the PSDU
on an even numbered symbol.

Table 12. DQPSK Encoding Table

Dibit pattern (d(0),d(1))
d(0) is first in time

Even Symbols
Phase Change (+jω)

Odd Symbols
Phase Change (+jω)

00 0 π

01 π/2 3π/2 (-π/2)

11 π 0

10 3π/2 (-π/2) π/2
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The data dibits d2, and d3 CCK encode the basic symbol as specified in Table 13. This table is deriv
the formula above by setting ϕ2 = (d2*π) + π /2, ϕ3 = 0, and ϕ4 = d3*π. In the table d2 and d3 are in th
order shown and the complex chips are shown lsb to msb (left to right) with lsb transmitted first in tim

18.4.6.5.3 CCK 11 Mbit/s modulation. 

At 11 Mbit/s, 8 bits (d0 to d7; d0 first in time) are transmitted per symbol. 

The first dibit (d0,d1) encodes ϕ1 based on DQPSK. The DQPSK encoder is specified in Table 12 ab
The phase change for ϕ1 is relative to the phase ϕ1 of the preceding symbol. In the case of header to PS
transition, the phase change for ϕ1 is relative to the phase of the preceding DQPSK symbol. All odd nu
bered symbols of the PSDU are given an extra 180 degree (π) rotation in accordance with the DQPSK mod
ulation as shown in Table 12. Symbol numbering starts with “0” for the first symbol of the PSDU. 

The data dibits: (d2,d3), (d4,d5), (d6,d7) encode ϕ2, ϕ3, and ϕ4 respectively based on QPSK as specified
Table 14. Note that this table is binary, not Grey, coded.

18.4.6.6 DSSS/PBCC Data Modulation and Modulation Rate (Optional)

This optional coding scheme uses a binary convolutional coding with a 64-state binary convolutiona
(BCC) and a cover sequence. The output of the BCC is encoded jointly onto the I and Q channels, as
documented below.

The encoder for this scheme is shown in Figure 12. Incoming data is first encoded with a binary co
tional code. A cover code is applied to the encoded data prior to transmission through the channel.

Table 13. 5.5 Mbit/s CCK Encoding Table

d2, d3

00 : 1j 1  1j -1 1j 1 -1j 1

01 : -1j -1 -1j 1 1j 1 -1j 1

10 : -1j 1  -1j -1 -1j 1 1j 1

11 : 1j -1 1j 1 -1j 1 1j 1

Table 14. QPSK Encoding Table

Dibit pattern (d(i),d(i+1))
d(i) is first in time

Phase 

00 0

01 π/2

10 π

11 3π/2 (-π/2)

BCC CODEWORD
Copyright © 1999 IEEE. All rights reserved.
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The binary convolutional code that is used is a 64-state, rate ½ code. The generator matrix for the
given as

or in octal notation, it is given by

Since the system is frame (PPDU) based, the encoder shall be in state zero, i.e. all memory element
zero, at the beginning of each PPDU. The encoder must also be placed in a known state at the end
PPDU to prevent the data bits near the end of the PPDU from being substantially less reliable tha
early on in the PPDU. To place the encoder in a known state at the end of a PPDU, at least six deter
bits must be input immediately following the last data bit input the convolutional encoder. This is ach
by appending one octet containing all zeros to the end of the PPDU prior to transmission and discard
final octet of each received PPDU. In this manner, the decoding process can be completed on the 
bits reliably.

An encoder block diagram is shown in Figure 13. It consists of six memory elements. For every d
input, two output bits are generated. 

SCRAMBLED 
QPSK SIGNAL

COVER SEQUENCE

BCC
RATE 1/2

ENCODER

QPSK
COVER

MAP

COVER

CODE

M

(y1 y0)

I,Q

S

Figure 12. PBCC Modulator Scheme

DATA IN

C

G D D D D D D D D D= + + + + + + + + +[ , ]6 4 3 1 6 5 4 3 2 1

G = [ , ]133 175

+ + + +

+ + + + +

Figure 13. PBCC Convolutional Encoder

input

outputs

y0

y1

Z-1 Z-1 Z-1 Z-1 Z-1 Z-1
x
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The output of the binary convolutional code described in above is mapped to a constellation using one
possible rates. The 5.5 Mbps rate uses BPSK and the 11 Mbps rate uses QPSK. In QPSK mode eac
output bits from the binary convolutional code is used to produce one symbol, while in BPSK mode
pair of bits from the BCC is taken serially and used to produce two BPSK symbols. This yields a throu
of one bit per symbol in QPSK mode and one-half a bit per symbol in BPSK mode. 

The phase of the first complex chip of the PSDU shall be defined with respect to the phase of the last
the PCLP header, i.e. the last chip of the CRC check. The bits (y1 y0) = (0,0) shall indicate the same phas
as the last chip of the CRC check. The other three combinations of (y1 y0) shall be defined with respect to
this reference phase as shown in Figure 14. 

The mapping from BCC outputs to PSK constellation points in BPSK and QPSK modes is determine
pseudo-random cover sequence. This is shown for both modes in Figure 14. Note that this is an a
phase table, not differential as in CCK. 

The pseudo-random cover sequence is generated from a seed sequence. The 16-bit seed se
0011001110001011, where the first bit of the sequence in time is the left most bit. This sequence 
notation is given as 150714, where the least significant bit is the first in time. This seed sequence is
generate the pseudo-random cover sequence of length 256 bits that is used in the mapping of the
PSK symbol. It is the current binary value of this sequence at every given point in time that is taken 
Figure 14. 

This sequence of 256 bits is produced by taking the first sixteen bits of the sequence as the seed s
the second sixteen bits as the seed sequence cyclically left rotated by three, the third sixteen bits as
sequence cyclically left rotated by six, etc. If ci is the ith bit of the seed sequence, where 0 <= I <= 1
the sequence that is used to cover the data is given row-wise as follows:

c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15
c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c0 c1 c2
c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c0 c1 c2 c3 c4 c5

QPSK MODE
(1 BIT PER SYMBOL)

BPSK MODE
(1/2 BIT PER SYMBOL)

S = 0 S = 1

S = 0 S = 1

01 00

11 10

00 10

1101

0

1

0

1

Figure 14. Cover Code Mapping

(y1 y0)
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c9 c10 c11 c12 c13 c14 c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 
c12 c13 c14 c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11
c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14
c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c0 c1
c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c0 c1 c2 c3 c4
c8 c9 c10 c11 c12 c13 c14 c15 c0 c1 c2 c3 c4 c5 c6 c7
c11 c12 c13 c14 c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10
c14 c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13
c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c0
c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c0 c1 c2 c3
c7 c8 c9 c10 c11 c12 c13 c14 c15 c0 c1 c2 c3 c4 c5 c6
c10 c11 c12c13 c14 c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 
c13 c14 c15 c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12

For PPDUs with more than 256 data bits this sequence of 256 bits is simply repeated.

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

The High Rate PHY shall conform with in-band and out-of-band spurious emissions as set by reg
bodies. For the USA, refer to FCC 15.247, 15.205, and 15.209. For Europe, refer to ETS 300–328.

18.4.6.8 Transmit-to-receive turnaround time

The TX-to-RX turnaround time shall be less than 10 µs, including the power-down ramp specified i
18.4.7.7.

The TX-to-RX turnaround time shall be measured at the air interface from the trailing edge of the las
mitted symbol to valid CCA detection of the incoming signal. The CCA should occur within 25 µs (10 µs for
turnaround time plus 15 µs for energy detect) or by the next slot boundary occurring after the 25 µs has
elapsed (refer to 18.4.8.4). A receiver input signal 3 dB above the ED threshold described in 18.4.8.4 
present at the receiver.

18.4.6.9 Receive-to-transmit turnaround time

The RX-to-TX turnaround time shall be measured at the MAC/PHY interface, using PHYTXSTART.re
and shall be 5 µs. This includes the transmit power up ramp described in 18.4.7.7.

18.4.6.10 Slot time

The slot time for the High Rate PHY shall be the sum of the RX-to-TX turnaround time (5 µs) and the
energy detect time (15 µs specified in 18.4.8.4). The propagation delay shall be regarded as being inc
in the energy detect time.

18.4.6.11 Channel switching/settling time

When the channel agility option is enabled, the maximum time to change from one operating chann
quency to another as specified in 18.4.6.2 is defined as 224 µs. A conformant PMD meets this switching
time specification when the operating channel center frequency has settled to within +/- 60 kHz of the
inal channel center and the rate of change has settled to within TBD kHz/µs.

18.4.6.12 Transmit and receive antenna port impedance

The impedance of the transmit and receive antenna port(s) shall be 50 Ω if the port is exposed.
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18.4.6.13 Transmit and receive operating temperature range

Three temperature ranges for full operation compliance to the High Rate PHY are specified in Clause 1
1 shall be defined as 0oC to 40oC, and is designated for office environments. Type 2 shall be defined as –oC
to +50οC, and Type 3 shall be defined as –30oC to +70oC. These are designated for industrial environments

18.4.7 PMD transmit specifications

The following subclauses describe the transmit functions and parameters associated with the PMD su

18.4.7.1 Transmit power levels

The maximum allowable output power as measured in accordance with practices specified by the reg
bodies is shown in Table 15. In the USA, the radiated emissions should also conform with the ANSI u
trolled radiation emission standards (IEEE Std C95.1-1991). 

18.4.7.2 Minimum transmitted power level

The minimum transmitted power shall be no less than 1 mW.

18.4.7.3 Transmit power level control

Power control shall be provided for transmitted power greater than 100 mW. A maximum of four powe
els may be provided. At a minimum, a radio capable of transmission greater than 100 mW shall be c
of switching power back to 100 mW or less.

18.4.7.4 Transmit spectrum mask

The transmitted spectral products shall be less than –30 dBr (dB relative to the SINx/x peak) for fc – 22 MHz
< f < fc –11 MHz, fc +11 MHz < f < fc + 22 MHz, –50 dBr for f < fc –22 MHz, and f > fc + 22 MHz, where fc
is the channel center frequency. The transmit spectral mask is shown in Figure 15. The measureme
be made using 100 kHz resolution bandwidth and a 100 kHz video bandwidth.

18.4.7.5 Transmit center frequency tolerance

The transmitted center frequency tolerance shall be ±25 ppm maximum.

18.4.7.6 Chip clock frequency tolerance

The PN code chip clock frequency tolerance shall be better than ±25 ppm maximum. It is highly r
mended that the chip clock and the transmit frequency be locked (coupled) for optimum demodulatio

Table 15—Transmit Power Levels

Maximum output power Geographic location Compliance document

1000 mW USA FCC 15.247

100 mW (EIRP) Europe ETS 300–328

10 mW/MHz Japan MPT ordinance for Regulating Radio 
Equipment, Article 49-20
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formance. If these clocks are locked, it is recommended that bit 2 of the SERVICE field be set to 
indicated in paragraph 18.2.3.4. 

18.4.7.7 Transmit power-on and power-down ramp 

The transmit power-on ramp for 10% to 90% of maximum power shall be no greater than 2 µs. The transmit
power-on ramp is shown in Figure 16.

The transmit power-down ramp for 90% to 10% maximum power shall be no greater than 2 µs. The transmit
power down ramp is shown in Figure 17.

The transmit power ramps shall be constructed such that the High Rate PHY emissions conform with
ous frequency product specification defined in 18.4.6.7.

18.4.7.8 RF carrier suppression

The RF carrier suppression, measured at the channel center frequency, shall be at least 15 dB below
SIN(x)/x power spectrum. The RF carrier suppression shall be measured while transmitting a repet
data sequence with the scrambler disabled using DQPSK modulation. A 100 kHz resolution bandwid
be used to perform this measurement.

Figure 15—Transmit spectrum mask

fcfc -11 MHzfc -22 MHz

Sinx/x

fc +11 MHz fc +22 Mhz

0 dBr

-30 dBr

-50 dBr

UnfilteredTransmit
Spectrum
Mask

Figure 16—Transmit Power-On Ramp

Max Tx power

90% MAX

Time µsec0 1 2 3 4

Transmit
Power 
Output

10% MAX
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18.4.7.9 Transmit modulation accuracy

The transmit modulation accuracy requirement for the High Rate PHY shall be based on the difference b
the actual transmitted waveform and the ideal signal waveform. Modulation accuracy shall be determ
measuring the peak vector error magnitude measured during each chip period. Worst-Case vector erro
tude shall not exceeded 0.35 for the normalized sampled chip data. The ideal complex I and Q cons
points associated with DQPSK modulation (0.707,0.707), (0.707, –0.707), (–0.707, 0.707), (–0.707, –
shall be used as the reference. These measurements shall be from baseband I and Q sampled data aft
through a reference receiver system.

Figure 18 illustrates the ideal DQPSK constellation points and range of worst-case error specified for
lation accuracy.

Error vector measurement requires a reference receiver capable of carrier lock. All measurements 
made under carrier lock conditions. The distortion induced in the constellation by the reference re

Figure 17—Transmit Power-Down Ramp

Max Tx power
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Time µsec0 1 2 3 4

Transmit
Power 
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Figure 18—Modulation Accuracy Measurement Example
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compen-
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rambled

ck pro-
rom the
 may not

are
shall be calibrated and measured. The test data error vectors described below shall be corrected to 
sate for the reference receiver distortion.

The IEEE 802.11 compatible radio shall provide an exposed TX chip clock, which shall be used to s
the I and Q outputs of the reference receiver.

The measurement shall be made under the conditions of continuous DQPSK transmission using sc
all 1’s.

The eye pattern of the I channel shall be used to determine the I and Q sampling point. The chip clo
vided by the vendor radio shall be time delayed such that the samples fall at a 1/2 chip period offset f
mean of the zero crossing positions of the eye (see Figure 19). This is the ideal center of the eye and
be the point of maximum eye opening. 

Using the aligned chip clock, 1000 samples of the I and Q baseband outputs from the reference receiver 
captured. The vector error magnitudes shall be calculated as follows:

Calculate the dc offsets for I and Q samples.

Figure 19—Chip Clock Alignment with Baseband Eye Pattern

Time 

Amplitude

1 Chip Period

Geometric

Center

Ideal Sample
Point

1/2 Chip Period

Vendor
Chip Clock

  

Imean I n( ) 1000⁄
n 0=

999

∑=

Qmean Q n( ) 1000⁄
n 0=

999

∑=
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blayer.

f –
n. The

ss than

ut

l

Calculate the dc corrected I and Q samples for all n =1000 sample pairs.

Idc(n)= I(n) – Imean

Qdc(n)= Q(n) – Qmean

Calculate the average magnitude of I and Q samples.

Calculate the normalized error vector magnitude for the Idc(n)/Qdc(n) pairs.

with Vcorrection = error induced by the reference receiver system.

A vendor High Rate PHY implementation shall be compliant if for all n =1000 samples the following condi-
tion is met:

Verr(n) < 0.35

18.4.8 PMD receiver specifications

The following subclauses describe the receive functions and parameters associated with the PMD su

18.4.8.1 Receiver minimum input level sensitivity

The frame error ratio (FER) shall be less than 8×10–2 at an PSDU length of 1024 octets for an input level o
76 dBm measured at the antenna connector. This FER shall be specified for 11 Mbit/s CCK modulatio
test for the minimum input level sensitivity shall be conducted with the energy detection threshold set le
or equal to –76 dBm.

18.4.8.2 Receiver maximum input level

The receiver shall provide a maximum FER of 8×10–2
 
at an PSDU length of 1024 octets for a maximum inp

level of –10 dBm measured at the antenna. This FER shall be specified for 11 Mbit/s CCK modulation.

18.4.8.3 Receiver adjacent channel rejection

Adjacent channel rejection is defined between any two channels with >25 MHz separation in each channe
group defined in 18.4.6.2. 

Imag Idc n( ) 1000⁄
n 0=

999

∑=

Qmag Qdc n( ) 1000⁄
n 0=

999

∑=

Verr n( ) 1
2
--- Idc n( ) Imag–{ }( 2× Qdc n( ) Qmag–{ }2)+

1
2
---

Vcorrection–=
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The adjacent channel rejection shall be equal to or better than 35 dB with an FER of 8×10–2
 
using

11 Mbit/s CCK modulation described in 18.4.6.3 and an PSDU length of 1024 octets.

The adjacent channel rejection shall be measured using the following method:

Input a 11 Mbit/s CCK modulated signal at a level 6 dB greater than specified in 18.4.8.1. In an ad
channel (>25 MHz separation as defined by the channel numbering), input a signal modulated in a s
fashion that adheres to the transmit mask specified in 18.4.7.4 to a level 41 dB above the level spe
18.4.8.1. The adjacent channel signal shall be derived from a separate signal source. It cannot be a f
shifted version of the reference channel. Under these conditions, the FER shall be no worse than 8×10–2.

18.4.8.4 CCA

The High Rate PHY shall provide the capability to perform CCA according to at least one of the follo
three methods:

a) CCA Mode 1: Energy above threshold. CCA shall report a busy medium upon detecting any e
above the ED threshold.

b) CCA Mode 2: Carrier Sense with timer. CCA shall start a timer whose duration is 3.65 ms and
a busy medium only upon the detection of a High Rate PHY signal. CCA shall report an
medium after the timer expires and no High Rate PHY signal is detected. The 3.65 ms timeou
duration of the longest possible 5.5 Mbit/s PSDU. 

c) CCA Mode 3: A combination of Carrier Sense and energy above threshold. CCA shall report b
least while a High Rate PPDU with energy above the ED threshold is being received at the an

The energy detection status shall be given by the PMD primitive, PMD_ED. The carrier sense status 
given by PMD_CS. The status of PMD_ED and PMD_CS is used in the PLCP convergence proce
indicate activity to the MAC through the PHY interface primitive PHY-CCA.indicate.

A busy channel shall be indicated by PHY-CCA.indicate of class BUSY. 

Clear channel shall be indicated by PHY-CCA.indicate of class IDLE.

The PHY MIB attribute dot11CCAModeSupported shall indicate the appropriate operation modes
PHY shall be configured through the PHY MIB attribute dot11CurrentCCAMode.

The CCA shall be TRUE if there is no energy detect or carrier sense. The CCA parameters are subje
following criteria:

a) If a valid High Rate signal is detected during its preamble within the CCA assessment windo
energy detection threshold shall be less than or equal to –76 dBm for TX power > 100 mW, –7
for 50 mW < TX power < 100 mW, and –64 dBm for TX power < 50 mW.

b) With a valid signal (according to the CCA mode of operation) present at the receiver antenna 
5 µs of the start of a MAC slot boundary, the CCA indicator shall report channel busy before th
of the slot time. This implies that the CCA signal is available as an exposed test point. Refer to
Std 802.11-1997 Figure 47 for a slot time boundary definition.

c) In the event that a correct PLCP Header is received, the High Rate PHY shall hold the CCA
inactive (channel busy) for the full duration as indicated by the PLCP LENGTH field. Should a
of carrier sense occur in the middle of reception, the CCA shall indicate a busy medium f
intended duration of the transmitted PPDU. Upon reception of a correct PLCP Header, the ti
CCA Mode 2 shall be overridden by this requirement.
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pliant
re dem-
Conformance to High Rate PHY CCA shall be demonstrated by applying an equivalent High Rate com
signal, above the appropriate ED threshold (a), such that all conditions described in b) and c) above a
onstrated.

Annex A

Add the following table to Annex A:

A.4.3 - IUT Configuration

Insert an entry CF6 to the table

Insert a new section 4.9 for the optional HR/DSSS parameters.

A 4.9 - High Rate Direct Sequence Physical L ayer Functions 

Are the following PHY features supported?

Item IUT Configuration References Status Support
What is the configuration of the IUT?

* CF1 Access Point (AP) 5.2 O.1 Yes o No o
* CF2 Independent Station (NOT an AP) 5.2 O.1 Yes o No o
* CF3 Frequency Hopping Spread Spectrum PHY 

Layer for the 2.4GHz Band
O.2 Yes o No o

* CF4 Direct Sequence Spread Spectrum PHY 
Layer for the 2.4GHz Band

O.2 Yes o No o

* CF5 Infrared PHY Layer O.2 Yes o No o

*CF6 High Speed PHY layer O.2 Yes o No o

Item PHY Feature References Status Support
HRDS1 Long Preamble and Header Proce-

dures
18.2 M Yes o No o

HRDS1.1 Long DS Preamble prepended on 
TX

18.2.1 M Yes o No o

HRDS1.2 Long PLCP integrity check genera-
tion

18.2.3, 18.2.3.6 M Yes o No o

HRDS1.3 TX Rate change capability 18.2.3.3 M Yes o No o
HRDS1.4 Supported Data Rates 18.1, 18.2.3.3 M Yes o No o
HRDS1.5 Data scrambler 18.2.4 M Yes o No o
HRDS1.6 Scrambler initialization 18.2.4 M Yes o No o
*HRDS2 Channel Agility Option 18.2 O Yes o No o
*HRDS3 Short Preamble and Header Proce-

dures
18.2 O Yes o No o

HRDS3.1 Short Preamble prepended on TX 18.2.2 HRDS3:
M

Yes o No o N/A o

HRDS3.2 Short Header Transmission 18.2.3.8, 
18.2.3.9,
18.2.3.10, 
18.2.3.11,
18.2.3.12
,18.2.3.13,
18.2.3.14

HRDS3:
M

Yes o No o N/A o

HRDS4 Long Preamble process on RX 18.2.6 M Yes o No o
HRDS4.1 PLCP format 18.2.6 M Yes o No o
HRDS4.2 PLCP integrity check verify 18.2.6 M Yes o No o
HRDS4.3 RX Rate change capability 18.2.6 M Yes o No o
HRDS4.4 Data whitener descrambler 18.2.6 M Yes o No o
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*HRDS6 Short Preamble process on RX 18.2.6 O Yes o No o N/A o
HRDS6.1 PLCP format 18.2.6 HRDS6:

M
Yes o No o N/A o

HRDS6.2 PLCP integrity check verify 18.2.6 HRDS6:
M

Yes o No o N/A o

HRDS6.3 RX Rate change capability 18.2.6 HRDS6:
M

Yes o No o N/A o

HRDS6.4 Data whitener descrambler 18.2.6 HRDS6:
M

Yes o No o N/A o

*HRDS7 Operating channel capability
* HRDS7.1 North America (FCC)  18.4.6.2 HRDS7:

O.3
Yes o No o N/A o

HRDS7.1.1 channel 1 18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.2 channel 2 18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.3 channel 3  18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.4 channel 4  18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.5 channel 5  18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.6 channel 6 18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.7 channel 7 18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.8 channel 8  18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.9 channel 9 18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.10 channel 10  18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

HRDS7.1.11 channel 11  18.4.6.2 HRDS7.1
:M

Yes o No o N/A o

* HRDS7.2 Canada (IC)  18.4.6.2 HRDS7:
O.3

Yes o No o N/A o

HRDS7.2.1 channel 1  18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.2 channel 2  18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.3 channel 3 18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.4 channel 4  18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.5 channel 5 18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.6 channel 6 18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.7 channel 7  18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.8 channel 8  18.4.6.2 HRDS7.2
:M

Yes o No o N/A o
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HRDS7.2.9 channel 9 18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.10 channel 10  18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

HRDS7.2.11 channel 11 18.4.6.2 HRDS7.2
:M

Yes o No o N/A o

* HRDS7.3 Europe (ETSI)  18.4.6.2 HRDS7:
O.3

Yes o No o N/A o

HRDS7.3.1 channel 1  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.2 channel 2  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.3 channel 3  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.4 channel 4 18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.5 channel 5  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.6 channel 6 18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.7 channel 7  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.8 channel 8  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.9 channel 9 18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.10 channel 10 18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.11 channel 11  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.12 channel 12  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

HRDS7.3.13 channel 13  18.4.6.2 HRDS7.3
:M

Yes o No o N/A o

* HRDS7.4 France  18.4.6.2 HRDS7:
O.3

Yes o No o N/A o

HRDS7.4.1 channel 10  18.4.6.2 HRDS7.4
:M

Yes o No o N/A o

HRDS7.4.2 channel 11 18.4.6.2 HRDS7.4
:M

Yes o No o N/A o

HRDS7.4.3 channel 12  18.4.6.2 HRDS7.4
:M

Yes o No o N/A o

HRDS7.4.4 channel 13 18.4.6.2 HRDS7.4
:M

Yes o No o N/A o

* HRDS7.5 Spain 18.4.6.2 HRDS7:
O.3

Yes o No o N/A o

HRDS7.5.1 channel 10  18.4.6.2 HRDS7.5
:M

Yes o No o N/A o

HRDS7.5.2 channel 11 18.4.6.2 HRDS7.5
:M

Yes o No o N/A o

* HRDS7.6 Japan (RCR)  18.4.6.2 HRDS7:
O.3

Yes o No o N/A o
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HRDS8 Hop Sequences HRDS2:
M

Yes o No o N/A o

HRDS9 CCK Bits to Symbol Mapping
HRDS9.1 5.5 Mbit/s 18.4.6.5 M Yes o No o
HRDS9.2 11 Mbit/s 18.4.6.5 M Yes o No o
*HRDS10 PBCC Bits to Symbol Mappings 18.4.6.6 O
HRDS10.1 5.5 Mbit/s 18.4.6.6 HRDS10:

M
Yes o No o

HRDS10.2 11 Mbit/s 18.4.6.6 HRDS10:
M

Yes o No o

*HRDS11 CCA functionality 18.4.8.4
HRDS11.1 CCA mode 1, Energy Only (RSSI 

above threshold)
18.4.8.4 HRDS11:

O.4
Yes o No o

HRDS11.2 CCA mode 2, Carrier sense 18.4.8.4 HRDS11:
O.4

Yes o No o

HRDS11.3 CCA mode 3, Both Methods 18.4.8.4 HRDS11:
O.4

Yes o No o

HRDS11.4 Hold CCA busy for packet duration 
of a correctly received PLCP but 
carrier lost during reception of 
MPDU

18.2.6 M Yes o No o

HRDS11.5 Hold CCA busy for packet duration 
of a correctly received but out of 
spec PLCP

18.2.6 M Yes o No o

HRDS12 Transmit antenna selection 18.4.5.8, O Yes o No o
HRDS13 Receive antenna diversity 18.4.5.8, 

18.4.5.9
O Yes o No o

*HRDS14 antenna port(s) availability 18.4.6.7 O Yes o No o
HRDS14.1 if available (50 ohm impedance) 18.4.6.7 HRDS14:

M
Yes o No o N/A o

*HRDS15 transmit power level support 18.4.5.9, 
18.4.7.3

O Yes o No o

HRDS15.1 if greater than 100mW capability 18.4.7.3 HRDS15:
M

Yes o No o N/A o

*HRDS16 radio type (temperature range) 18.4.6.13
HRDS16.1 Type 1 18.4.6.13 HRDS16:

O.5
Yes o No o N/A o

HRDS16.2 Type 2 18.4.6.13 HRDS16:
O.5

Yes o No o N/A o

HRDS17 Spurious Emissions conformance 18.4.6.7 M Yes o No o
HRDS18 TX - RX turnaround time 18.4.6.8 M Yes o No o
HRDS19 RX - TX turnaround time 18.4.6.9 M Yes o No o
HRDS20 Slot Time 18.4.6.10 M Yes o No o
HRDS21 ED reporting time 18.4.6.9, 

18.4.8.4
M Yes o No o

HRDS22 minimum transmit power level 18.4.7.2 M Yes o No o
HRDS23 transmit spectral mask conformance18.4.7.4 M Yes o No o
HRDS24 transmitted center frequency toler-

ance
18.4.7.5 M Yes o No o

HRDS25 chip clock frequency tolerance 18.4.7.6 M Yes o No o
HRDS26 transmit power on ramp 18.4.7.7 M Yes o No o
HRDS27 transmit power down ramp 18.4.7.7 M Yes o No o
HRDS28 RF carrier suppression 18.4.7.8 M Yes o No o
HRDS29 transmit modulation accuracy 18.4.7.9 M Yes o No o
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Annex C:

For the HR/DSSS PHY, replace the use of aMPDUDurationFactor, aPreambleLength, and aPLCPHe
erLength with use of PLME-TXTIME.request and PLME-TXTIME.confirm primitives in the formal
description, updating the following diagrams:

Add PlmeTxtime.request to the PlmeRequestSignals signal list on diagram Sta_signallists_3b on 
330 and on diagram AP_signallists_3a on page 405.
Add PlmeTxtime.confirm to the PlmeConfirmSignals signal list diagram Sta_signallists_3b on page 
and on diagram AP_signallists_3a on page 405.
Add signals to use PLME-TXTIME.request and PLME-TXTIME.confirm primitives (for the HR/DSSS
PHY only, in replacement of the uses of aMPDUDurationFactor, aPreambleLength, and aPLCPHead
Length) on diagrams sta_tx_idle_2d on page 348, sta_tx_dcf_3.1d on page 350, sta_tx_atim_5d on
352, validate_rx_2b on page 393, pre_filter_1b on page 394, ap_tx_idle_2d on page 426, ap_tx_dcf_
page 427, ap_tx_dcf_3.1d on page 428, validate_rx_2b on page 462, and pre_filter_1b on page 463

Annex D

Add the following variables to the PHY MIB

dot11ShortPreambleOptionImplemented OBJECT-TYPE
SYNTAX INTEGER {true(1) false(2)}
MAX-ACCESS read-only
STATUS current
DESCRIPTION
"This attribute, when true, shall indicate that the short preamble option as defined in subclause 18.2.2.2 is imple
The default value of this attribute shall be false."
:= {dot11PhyHRDSSSEntry 6}

dot11PBCCOptionImplemented OBJECT-TYPE
SYNTAX INTEGER {true(1) false(2)}
MAX-ACCESS read-only
STATUS current
DESCRIPTION
"This attribute, when true, shall indicate that the PBCC modulation option as defined in subclause 18.4.6.6 is im
mented. The default value of this attribute shall be false."
:= {dot11PhyHRDSSSEntry 7}

dot11PhyOperationEntry:= SEQUENCE {
dot11PhyOperationGroupTableIndex Integer32,
dot11PHYType            INTEGER,
dot11CurrentRegDomain   Integer32,
dot11CCATime  Integer32,
dot11MACProcessingDelay Integer32,

HRDS30 receiver minimum input level sensi-
tivity

18.4.8.1 M Yes o No o

HRDS31 receiver maximum input level 18.4.8.2 M Yes o No o
HRDS32 receiver adjacent channel rejection18.4.8.3 M Yes o No o
HRDS33 Management Information Base 13.1, 18.3.2, 

Annex C
M Yes o No o

HRDS33.1 PHY Object Class 13.1, 18.3.3, M Yes o No o
Copyright © 1999 IEEE. All rights reserved.
61 This is an unapproved IEEE Standards Draft, subject to change



IEEE
HIGHER SPEED PHYSICAL LAYER IN THE 2.4 GHz BAND P802.11b/D3.1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

 The
 PHY

 High
d DS
 similar
 mecha-

 channel
ption
quence
ate or

ccess
t exist
 High

o sides
n issues

annel
l only

igh Rate
dot11TempType           INTEGER 
dot11PhyOperationGroupRowStatus RowStatus,
dot11ChannelAgilityPresent Boolean
dot11ChannelAgilityEnabled Boolean}

dot11ChannelAgilityPresent OBJECT-TYPE
        SYNTAX Boolean
        MAX-ACCESS read-only
        STATUS current
        DESCRIPTION
"This attribute indicates that the PHY is capable of channel agility.”
:= {dot11PhyOperationEntry 8}

dot11ChannelAgilityEnabled OBJECT-TYPE
        SYNTAX Boolean
        MAX-ACCESS read-only
        STATUS current
        DESCRIPTION
"This attribute indicates that the PHY channel agility functionality is enabled.”
:= {dot11PhyOperationEntry 9}

Insert new annex. 

Annex F  - High Rate PHY / frequency hopping interoperability (Informative)

802.11 FH PHY interoperability with the High Rate PHY is provided for by the channel agility option.
frequency hopping patterns as defined within this annex enable synchronization with an 802.11 FH
compliant BSS in North America and most of Europe. In addition, additional CCA requirements on a
Rate station using this mode provides for CCA detection of 1 MHz wide FH signals within the wideban
channel selected. FH PHY stations operating in mixed mode FH/DS environments are advised to use
cross PHY CCA mechanisms. The frequency hopping and cross CCA mechanisms provide the basic
nisms to enable coexistence and interoperability. 

The MAC elements include both DS and FH elements in beacons and probe responses when the
agility option is turned on. Added capability fields indicate the ability to support the channel agility o
and to indicate whether the option is turned on. These fields allow synchronization to the hopping se
and timing, identification of what modes are being used within a BSS when joining on either High R
FHSS sides, and rejection of an association request in some cases.

Interoperability within an infrastructure BSS can be achieved, as an example, using a virtual dual A
Point (AP). A virtual dual AP is defined, for purposes of discussion, as two logically separate APs tha
within a single physical AP with a single radio (one transmit and one receive path). Both FHSS and
Rate logical APs send out their own beacons and DTIMs and other non-directed packets. The tw
interact in the sharing of the medium and the AP’s processor and radio. Addressing and associatio
may be handled in one of several ways and are left as an implementation choice.

Minimal interoperability with a non-hopping High Rate or legacy DSSS is provided by the use of a ch
at least 1/7 or more of the time. While throughput would be significantly reduced by having a channe
1/7 of the time, connection and minimal throughput can be provided.

F.1 Hop Sequences 

The optional hop sequences for each of the specified geographical areas are defined with two sets. H
frequency channels referred to in this subclause are defined in Table 9. 
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The first set (Figure 20 and Figure 22) uses non-overlapping frequency channels to allow the High R
tems to minimize interference degradation. The synchronization of frequency hopping is performed
MAC sub-layer management entity as defined in the IEEE 802.11 Standard, subclause 11.1.5 for 
PHY. The PLME SAP service primitives to command a new frequency channel is as defined in the
802.11 Standard, subclause 10.4.

The second set (Figure 21 and Figure 23) uses half overlapping frequency channels with 10 MHz ce
quency spacing to enable interoperability with 802.11 1 and 2 Mbit/s FH systems hopping with the ap
802.11 hop sequences. The High Rate hop frequency is calculated from the specific 1 MHz channel
for a given hop by picking the closest High Rate channel within the set. Where there is a choice of two
channels, the lower one shall be the one chosen. Therefore, the chosen channel shall be no more 
MHz of the channel center of the FH channel. When operating on the FH channels beyond +/-5 MHz
closest High Rate channel specified in the set, the High Rate mode shall not be used and all FH tr
sions shall occur at the 1 or 2 Mbit/s rates. 

F.2 Operating channels

The operating channels for specified geographical areas are defined in Table 16 and Table 17.

Table 16. North American Operating Channels

Set Number of Channels HR/DSSS Channel 
Numbers

1 3 1, 6, 11

2 6 1, 3, 5, 7, 9, 11

CHANNEL 1 CHANNEL 6 CHANNEL11

2400 MHz 2412 MHz 2483.5 MHz2437 MHz 2462 MHz

Figure 20. North American Channel Selection - Non overlapping
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F.3 Hop Patterns

A frequency hopping pattern, Fx, consists of a permutation of all frequency channels defined in Ta
and Table 17. For a given pattern number, x, the hopping sequence can be written as:

Fx = {fx (1), fx (2),...fx (p)}

where, 

Table 17. Europe Operating Channels (except France and Spain)

Set Number of Channels HR/DSS Channel Numbers

1 3 1, 7, 13

2 7 1, 3, 5, 7, 9, 11, 13

2400 MHz 2412 MHz 2442 MHz 2472 MHz 2483.5 MHz2422 MHz 2432 MHz 2452 MHz 2462 MHz

Figure 21. North American Channel Selection - Overlapping

CHANNEL 1 CHANNEL 7 CHANNEL13

2400 MHz 2412 MHz 2442 MHz 247 MHz2 2483.5 MHz

Figure 22. European Channel Selection - Non overlapping

2400 MHz 2412 MHz 2442 MHz 2472 MHz 2483.5 MHz2422 MHz 2432 MHz 2452 MHz 2462 MHz

Figure 23. European Channel Selection - Overlapping
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Table 18

Y hop
the index
.2 shall
fx (i) = channel number (as defined in subclause14.6.4) for ith frequency in xth hopping pattern

p = number of hops in pseudo-random hopping pattern before repeating sequence (79 for North Ame
most of Europe)

The frequency hopping patterns for Set 1 of each geographic area is based on the Hop Patterns in 
and Table 19. 

The frequency hopping patterns for Set 2 of each geographic area is defined by the 1/2 Mbit/s FH PH
sequences as described in the FH PHY subclause 14.6.8. Given the hopping pattern number, x, and 
for the next frequency, i (in the range 1 to p), the DS channel number as defined in subclause 18.4.6
be selected with the following algorithm:

North America:

f'x (i) = f'’x (i)  for 1 <= f'’x (i) <= 11;

f'x (i) = null for f'’x (i) < 1 and f'’x (i) > 11;

f'’x (i) = 2 * Int [({[b(i) + x] mod (79) +2} – 6) / 10] – 1

with b(i) defined in Table 42 of subclause 14.6.8, 

Most of Europe:

f'x (i) = f'’x (i) for 1 <= f'’x (i) <= 13;

f'x (i) = null for f'’x (i) < 1 and f'’x (i) > 13;

f'’x (i) = 2 * Int [({[b(i) + x] mod (79) +2} – 6) / 10] – 1

with b(i) defined in Table 42 of subclause 14.6.8, 

Table 18. North America Set 1 Hop Patterns

Index Pattern 1 Pattern 2

1 1 1

2 6 11

3 11 6
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F.4 Additional CCA Requirements

When the frequency hopping option is utilized, the HR/DSSS PHY shall provide the CCA capabil
detect 1 MHz wide FH PHY signals operating within the wideband DS channel at levels 10 dB highe
that specified in subclause 18.4.8.4 for wideband HR/DSSS signals. This is in addition to the primar
requirements in subclause 18.4.8.4. A timeout mechanism to avoid excessive deferral to constant
other non-802.11 type signals is allowed. 

802.11 FH PHY stations operating in mixed environments are recommended to provide similar CCA 
anisms to detect wideband DSSS signals at levels specified in clause 1.4.8.4 but measured within a
bandwidth. Signal levels measured in a full DSSS channel will be generally 10 dB or more higher.

Table 19. Europe Set 1 Hop Patterns (except France and Spain)

Index Pattern 1 Pattern 2

1 1 1

2 7 13

3 13 7
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