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Abstract

Our proposed high-rate mode uses a 256-state, rate 2/3 binary convolutional code combined with 8-PSK and a cover sequence.   In all other respects, such as symbol rate, pulse shape, preambles, channelization, and so on, it is exactly the same as the existing IEEE 802.11b High-Rate Standard, with some options redeclared as mandatory.  The new code is an upgraded version of the PBCC (Packet Binary Convolutional Coding) scheme already adopted as an option under IEEE 802.11b; we refer to the new scheme as PBCC-22 to distinguish it from the scheme in the existing standard, PBCC-11.

The new code produces a 22 Mbit/s rate that operates in the same environment as 11 Mbit/s CCK: that is, in essentially any environment, including a wide range of multipath impairments, in which CCK delivers 11 Mbit/s, our proposed system will deliver 22 Mbit/s.  Thus the system provides a doubling of the data rate at reasonable cost.

As the difference between the proposed scheme, PBCC-22, and the existing CCK-11 lies exclusively in the FEC coding, it is important to note that there is no effect on such factors as spectral occupancy, spectral mask, adjacent and co-channel interference, or indeed any factor other than the FEC processing at the receiver.  Interoperability and coexistence effects are also minimized. This use of the existing framework is expected to smooth or eliminate transition effects in market and consumer acceptance.

The doubling of the data rate is achieved by using a more powerful code than the existing PBCC-11 and CCK-11.  The tradeoff occurs in the FEC processing in the receiver, where more operations are required.  The additional complexity is, however, well within the reach of existingVLSI technology.  (T.I. has announced a single-chip baseband processor that implements the proposed standard, including full backward compatibility with IEEE 802.11b, both CCK and PBCC.)
G High performance direct sequence spread spectrum (HP/DSSS) PHY specification

G.1
Overview 

This clause specifies the high performance extension of the physical layer for the Direct Sequence Spread Spectrum (DSSS) system (clause 15 in IEEE Std 802.11-1999, clause 18 in IEEE Std 802.11b-1999) hereinafter known as the High Performance PHY for the 2.4GHz band designated for ISM applications. The Radio Frequency LAN system is aimed at the 2.4 GHz bands designated for ISM applications as provided in the USA according to Code of Federal Regulations, Title 47, Section 15.247, in Europe by ETS 300-328 and other countries according to subclause G.4.6.2.

This extension of the DSSS system builds on the data rate capabilities as described in clause 15 in IEEE Std 802.11-1999 and in IEEE Std 802.11b-1999 to provide a 22 Mbit/s payload data rate in addition to the 1, 2, 5.5 and 11 Mbps rates. To provide the higher rates, 8-PSK is employed as the modulation scheme. The chipping rate is 11 MHz, which is the same as the DSSS system as described in IEEE Std 802.11-1999 clause 15 and in IEEE Std 802.11b-1999, thus providing the same occupied channel bandwidth. The basic new capability described in this clause is called High Performance Direct Sequence Spread Spectrum (HP/DSSS). The basic High Performance PHY uses the same PLCP preamble and header as the DSSS and HR/DSSS PHYs so all these PHYs can co-exist in the same BSS and can use the rate switching mechanism as provided.

In addition to providing higher speed extensions to the DSSS system, a number of optional features in IEEE Std 802.11b-1999 are retained.
A mandatory mode which allows data throughput at the higher rates (2, 5.5, 11 and 22 Mbit/s) to be significantly increased by using a shorter PLCP preamble, is also provided. This mode is called  HP/DSSS/short. This short preamble mode can co-exist with DSSS, HR/DSSS, HR/DSSS/PBCC or HP/DSSS under limited circumstances such as on different channels or with appropriate CCA mechanisms.

G 1.1
Scope

This clause specifies the Physical Layer Entity for the Higher Performance Direct Sequence Spread Spectrum (DSSS) extension and the changes that have to be made to the base standard to accommodate the High  Performance PHY.

The High Performance PHY layer consists of two protocol functions:

a) A physical layer convergence function, which adapts the capabilities of the physical medium dependent (PMD) system to the PHY service. This function is supported by the physical layer convergence procedure (PLCP), which defines a method of mapping the MAC sublayer protocol data units (MPDU) into a framing format suitable for sending and receiving user data and management information between two or more STAs using the associated PMD system. The PHY exchanges PHY Protocol Data Units (PPDU) that contain PLCP Service Data Units (PSDU). The 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 and receiving data through, a wireless medium between two or more STAs each using the High Rate sys-tem.

G.1.2  High Performance PHY functions

The 2.4 GHz High Performance PHY architecture is depicted in the ISO/IEC basic reference model shown in Figure 11. The High Performance PHY contains three functional entities: the PMD function, the physical layer convergence function, and the layer management function. Each of these functions is described in detail in the following subclauses. For the purposes of MAC and MAC Management when channel agility is both present and enabled (see G.3.2 and Annex C), the High Performance PHY shall be interpreted to be both a High Performance and a frequency hopping physical layer.

G.1.2.1 PLCP sublayer

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

G.1.2.2
Physical Medium Dependent Sublayer (PMD) sublayer

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

G.1.2.3
Physical layer management entity (PLME)

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

G.1.3
Service specification method and notation
The models represented by figures and state diagrams are intended to be illustrations of functions provided. It is important to distinguish between a model and a real implementation. The models are optimized for simplicity and clarity of presentation; the actual method of implementation is left to the discretion of the High Performance 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 layer (or sublayer). Abstract services are specified here by describing the service primitives and parameters that characterize each service. This definition is independent of any particular implementation.

G.2
High Rate PLCP sublayer

G.2.1
Overview

This subclause provides a convergence procedure for the 2, 5.5, 11 and 22 Mbit/s specification in which PSDUs are converted to and from PPDUs. During transmission, the PSDU shall be appended to a PLCP preamble and header to create the PPDU. Two different mandatory supported preambles and headers are defined: the long preamble and header which interoperates with the 1 and 2 Mbit/s DSSS specification as described in IEEE Std 802.11-1999, and the short preamble and header as described in IEEE Std 802.11b-1999. At the receiver, the PLCP preamble and header are processed to aid in demodulation and delivery of the PSDU.

The short preamble and header is intended for applications where maximum throughput is desired and interoperability with legacy and non-short preamble capable equipment is not a consideration. That is, it is expected to be used only in networks of like equipment that can all handle the mode.
G.2.2 PPDU format

Two different mandatory supported preambles and headers are defined: the long preamble and header which is interoperable with the 1 and 2 Mbit/s DSSS specification as described in IEEE Std 802.11-1999, and the short preamble and header.

G.2.2.1
Long PLCP PPDU format
[image: image1.png]Figure 1—Long PLCP PPDU format




Figure 1 shows the format for the interoperable (long) PPDU including the High Performance PLCP Preamble, the High PLCP Header, and the PSDU. The PLCP Preamble contains the following fields: Synchronization (Sync) and Start Frame Delimiter (SFD). The PLCP Header contains the following fields: Signaling (SIGNAL), Service (SERVICE), Length (LENGTH), and CCITT CRC-16 field. Each of these fields is described in detail in G.2.3. The format for the PPDU including the long High Performance PLCP preamble, the long High Performance PLCP header and the PSDU do not differ from the IEEE Std 802.11b-1999 for 1, 2, 5.5, and 11 Mbit/s. The only exception is the encoding of the rate in the SIGNAL field to indicate that the 22 Mbit/s mode is being used and a modified use of bits in the SERVICE field to resolve ambiguity in PSDU length in octets when the length is expressed in whole microseconds. 
G.2.2.2
Short PLCP PPDU format  The short preamble and header may be used to minimize overhead and thus maximize the network data throughput. The format of the PPDU with HP/DSSS/short  is depicted in Figure 2. 

[image: image2.png]Figure 2—Short PLCP PPDU format




A transmitter using the short PLCP will only be interoperable with another receiver which is also capable of receiving this short PLCP. To interoperate with a receiver that is not capable of receiving a short preamble and header, the transmitter shall use the long PLCP preamble and header. The short PLCP preamble uses the 1 Mbit/s Barker code spreading with DBPSK modulation. The short PLCP header uses the 2 Mbit/s Barker code spreading with DQPSK modulation and the PSDU is transmitted at 2 Mbit/s, 5.5 Mbit/s, 11 Mbit/s, or 22 Mbit/s.

G.2.3
PLCP PPDU field definitions

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

G.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 can per-form the necessary synchronization operations. The initial state of the scrambler (seed) shall be [1101100], where the left most bit specifies the value to put in the first delay element (Z 1 ) in Figure 5 and the right most bit specifies the value to put in the last delay element in the scrambler.

To support the reception of DSSS signals generated with implementations based on clause 15, the receiver shall also be capable of synchronization on a SYNC field derived from any non-zero scrambler initial state.

G.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 Preamble. The SFD shall be a 16-bit field, [1111 0011 1010 0000], where the right most bit shall be transmitted first in time.

G.2.3.3
Long PLCP Signal (SIGNAL) field

The 8-bit signal field indicates to the PHY the modulation that shall be used for transmission (and reception) of the PSDU. The data rate shall be equal to the SIGNAL field value multiplied by 100 kbit/s. The High Performance PHY supports five mandatory rates given by the following 8 bit words which represent the rate in units of 100 kbit/s, where the lsb shall 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

e) X’DC’ (msb to lsb) for 22 Mbit/s

The High Performance PHY rate change capability is described in G.2.3.14. This field shall be protected by the CCITT CRC-16 frame check sequence described in G.2.3.6.

G.2.3.4 Long PLCP SERVICE (SERVICE) field
Four bits have been defined in the SERVICE field to support the high performance extension. The two right most bits (bits 6 and 7) shall be used to supplement the LENGTH field described in G.2.3.5. Bit 3 shall be used to indicate whether the modulation method is CCK <0> or PBCC <1> as shown in Table 1. Bit 2 is used to indicate that the transmit frequency and symbol clocks are derived from the same oscillator. For an 802.11g-compliant device, this Locked Clocks bit shall be set to 1. The SERVICE field shall be transmitted b0 first in time and shall be protected by the CCITT CRC-16 frame check sequence described in G.2.3.6. An IEEE802.11 compliant device shall set the values of the bits b0, b1, b4, and b5 to 0.

Table 1. SERVICE field definitions

	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7

	Reserved
	Reserved
	Locked 

Clocks Bit

0 = not

1 = locked
	Mod. Selection Bit

0 = CCK

1 = PBCC
	Reserved
	Reserved
	Length Extension Bit 1
	Length Extension Bit 2


G.2.3.5 Long PLCP Length (LENGTH) field

The PLCP length field shall be an unsigned 16 bit integer which indicates the number of microseconds required to transmit the PSDU. The transmitted value shall be determined from the LENGTH and DataRate parameters in the TXVECTOR issued with the PHY-TXSTART.request primitive described in subclause G.4.4.2.

The length field provided in the TXVECTOR is in octets and is converted to microseconds for inclusion in the PLCP LENGTH field. The LENGTH field is calculated as follows: Since there is an ambiguity in the number of octets that is described by a length in integer microseconds for any data rate over 8 Mbit/s, Length Extension bits shall be placed at bit positions b6 and b7 in the SERVICE field to indicate when the smaller potential number of octets is correct.  For all modes other than 22 Mbit/s PBCC, Length Extension bit 1, in bit position b6, shall be 0.

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 service field b7 bit shall indicate a ‘0’ if the rounding took less than 8/11 or a ‘1’ if the 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.

d) 11 Mbit/s PBCC Length = (number of octets + 1)* 8/11, rounded up to the next integer and the service field b7 bit shall indicate a ‘0’ if the rounding took less than 8/11 or a ‘1’ if the rounding took more than or equal to 8/11.

e) 22 Mbit/s PBCC Length = (number of octets + 1)*4/11, rounded up to the next integer; the service field b6 and b7 bits shall each indicate a ‘0’ if the rounding took less than 4/11; the service field bit b6 shall indicate a ‘1’ and the service field bit ‘b7’ shall indicate a ‘0’ if the rounding took more than or equal to 4/11 and less than 8/11; and the service field bit b6 shall indicate a ‘1’ and the service field bit ‘b7’ shall indicate a ‘0’ if 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, minus 1 if the service field b7 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, minus 1 if the service field b7 bit is a ‘1’.

e) 22 Mbit/s PBCC number of octets = (Length * 11/4) –1, rounded down to the next integer, minus 1 if the service field bit b6 is a ‘0’ and the service field bit b7 is a ‘1’, or minus 2 if the service field bit b6 is a ‘1’ and the service field bit ‘b7’ is a ‘0’.

An example for an 11 Mbit/s calculation described in pseudocode form is shown below.

At the transmitter, the values of the Length field and Length Extension bit are calculated as follows:

    
IF (R <= 11) Then

    
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.

An example for a 22 Mbit/s calculation described in pseudocode form is shown below.

At the transmitter, the values of the Length field and Length Extension bits are calculated as follows:

IF (R=22)

Then


LENGTH' = ((number of octets) + P)*4)/R

 
LENGTH = Ceiling(LENGTH')

       
IF  (LENGTH-LENGTH') < 4/11)

           
Then 
LengthExtensionBit1 = 0



LengthExtensionBit2 = 0


ELSE IF (LENGTH-LENGTH') >= 4/11 AND (LENGTH-LENGTH') < 8/11)


 
LengthExtensionBit1 = 0



LengthExtensionBit2 = 1


ELSE



LengthExtensionBit1 = 1



LengthExtensionBit2 = 0

Where LengthExtensionBit1 is the bit b6, LengthExtensionBit2 is the bit b7, and the other symbols have the same meaning as above.

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

Table 2- Example of LENGTH calculations for PBCC-11

	TX Octets
	(Octets+1) * 8/11
	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
	1026125
	1026
	1026


This example illustrates why normal rounding or truncation of the number will not produce the right result. The length field is defined in units of microseconds, and must correspond to the actual length and the number of octets must be exact.

Table 3 shows an example calculation for several packet lengths of PBCC at 22 Mbit/s:

Table 3- Example of LENGTH calculations for PBCC-22

	TX Octets
	(Octets+1) * 4/11
	LENGTH
	Length Extension bit 1
	Length Extension bit 2
	LENGTH *11/4
	floor(X)
	RX Octets

	1023
	372.364
	373
	0
	1
	1025.75
	1025
	1023

	1024
	372.727
	373
	0
	0
	1025.75
	1025
	1024

	1025
	373.091
	374
	1
	0
	1028.50
	1028
	1025

	1026
	373.455
	374
	0
	1
	1028.50
	1028
	1026


The lsb (least significant bit) shall be transmitted first in time. This field shall be protected by the CCITT CRC-16 frame check sequence described in subclause G.2.3.6.

G.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 check sequence). The CCITT CRC-16 FCS shall be the one’s complement of the remainder generated by the modulo 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 to data 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 length of 192 µs (24 octets) would be given by the following:

0101 0000 0000 0000 0000 0011 0000 0000 (leftmost bit (b0) transmitted first in time)

b0.................................................................b48

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

0101 1011 0101 0111 (leftmost bit (b0) transmitted first in time)

b0.........................b16

Figure 3 depicts this example.
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An illustrative example of the CCITT CRC-16 FCS using the information from Figure 3 follows in Figure 4.

G.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 modulation. The SIG-NAL and SERVICE fields combined shall indicate the modulation which shall be used to transmit the PSDU. The SIGNAL field indicates the rate and the SERVICE field indicates the modulation. The transmitter and receiver shall initiate the modulation and rate indicated by the SIGNAL and SERVICE fields starting with the first octet of the PSDU. The PSDU transmission rate shall be set by the DATARATE parameter in the TXVECTOR issued with the PHY-TXSTART.request primitive described in subclause G.4.4.1.

G.2.3.8 Short PLCP Synchronization (shortSYNC)

The shortSYNC field shall consist of 56 bits of scrambled "0" bits. This field is provided so the receiver can perform the necessary synchronization operations. The initial state of the scrambler (seed) shall be [001 1011], where the left end bit specifies the value to place in the first delay element (Z 1 ) in Figure 5 and the 
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right end bit specifies the value to place in the last delay element (Z 7 ).

G.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 preamble (subclause G.2.3.2). The field is the bit pattern 0000 0101 1100 1111. The right end bit shall be transmitted first in time. A receiver not configured to use the short header option will not detect this SFD.

G.2.3.10 Short PLCP SIGNAL Field (shortSignal)

The 8 bit SIGNAL Field of the short header indicates to the PHY the data rate which shall be used for transmission (and reception) of the PSDU. A PHY operating with a HP/DSSS/short preamble supports four mandatory rates given by the following 8 bit words, where the lsb shall be transmitted first in time and the number represents the rate in units of 100 kBit/s:

a) X’14’(msb to lsb) for 2 Mbit/s

b) X’37’(msb to lsb) for 5.5 Mbit/s

c) X’6E’(msb to lsb) for 11 Mbit/s

d) X’DC’(msb to lsb) for 22 Mbit/s

G.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 subclause  G.2.3.4.

G.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 subclause  G.2.3.5

G.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 G.2.3.6. The CRC-16 is calculated over the shortSIGNAL, shortSERVICE, and shortLENGTH fields.

G.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 PLCP header shall be transmitted using the 2 Mbit/s modulation. The SIGNAL and SERVICE fields combined shall indicate the modulation which shall be used to transmit the PSDU. The SIGNAL field indicates the rate and the SERVICE field indicates the modulation. The transmitter and receiver shall initiate the modulation and rate indicated by the SIGNAL and SERVICE fields starting with the first octet of the PSDU. The PSDU transmission rate shall be set by the DATARATE parameter in the TXVECTOR issued with the PHY-TXSTART.request primitive described in subclause G.4.4.1.

G.2.4 PLCP/High Performance PHY data scrambler and descrambler

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

The scrambler shall be initialized as specified in subclause G.2.3.8 for the short PLCP and subclause G.2.3.1 for the long PLCP. For a long preamble, this shall result in the scrambler registers Z 1 through Z 7 in Figure 5 having the data pattern: [1101100] (i.e. Z 1 =1... Z 7 =0) when the scrambler is first started. The scrambler shall be initialized with the reverse pattern, [0011011] when transmitting the optional short pre-amble.
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Figure 5—Data scrambler
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G.2.5 PLCP transmit procedure

The transmit procedures for a High Performance PHY using the long PLCP preamble and header are the same as those described in IEEE 802.11 Std- 1999, subclauses 15.2.7 and 15.2.8 and do not change apart from the requirement to be able to transmit 5.5 and 11 Mbit/s using HR/DSSS/PBCC and the ability to transmit 22 Mbit/s.

The procedures for a transmitter employing HP/DSSS/short are the same except for length and rate changes. The decision to use a long or short PLCP is beyond the scope of this standard.

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 of a PPDU. In addition to DATARATE and LENGTH other transmit parameters such as PREAMBLE_TYPE and MODULATION are set via the PHY-SAP with the PHY-TXSTART.request(TXVECTOR) as described in G.3.5. The SIGNAL, SERVICE and LENGTH fields of the PLCP header are calculated as described in sub-clause G.2.3. 
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The PLCP shall issue PMD_ANTSEL, PMD_RATE, and PMD_TXPWRLVL primitives to configure the PHY. The PLCP shall then issue a PMD_TXSTART.request and the PHY entity shall immediately initiate data scrambling and transmission of the PLCP Preamble based on the parameters passed in the PHY-TXSTART. request primitive. The time required for TX power on ramp described in G.4.7.6 shall be included in the PLCP synchronization field. Once the PLCP Preamble transmission is complete, data shall be exchanged between the MAC and the PHY by a series of PHY-DATA.request(DATA) primitives issued by the MAC and PHY-DATA.confirm primitives issued by the PHY. The modulation and rate change, if any, shall be initiated with the first data symbol of the PSDU as described in G.2.3.7 and G.2.3.14. The PHY proceeds with PSDU transmission through a series of data octet transfers from the MAC. At the PMD layer, the data octets are sent in lsb to msb order and presented to the PHY layer through PMD_DATA.request primitives. Transmission can be prematurely terminated by the MAC through the primitive PHY-TXEND.request. PHY-TXSTART shall be disabled by the issuance of the PHY-TXEND.request. Normal termination occurs after the transmission of the final bit of the last PSDU octet calculated from the number supplied in the PHY preamble LENGTH and SER-VICE fields using the equations specified in G.2.3.5. The PPDU transmission shall be completed and the PHY entity shall enter the receive state (i.e., PHY-TXSTART shall be disabled). It is recommended that modulation continue during power-down to prevent radiating a CW carrier. Each PHY-TXEND.request is acknowledged with a PHY-TXEND.confirm primitive from the PHY. 
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A typical state machine implementation of the PLCP transmit procedure is provided in Figure 8.

Upon receiving a PPDU the receiver shall distinguish between a long and short header format by the value of the SFD as specified in G.2.2. The receiver shall demodulate a long PLCP header using BPSK at 1 Mbit/ s. The receiver shall demodulate a short PLCP header using QPSK at 2 Mbit/s. The receiver shall use the SIGNAL and SERVICE fields of the PLCP header to determine the data rate and the modulation of the PSDU.

The PLCP receive procedure is shown in Figure 9. 
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In order to receive data, PHY-TXSTART.request shall be disabled so that the PHY entity is in the receive state. Further, through station management via the PLME, the PHY is set to the appropriate channel and the CCA method is chosen. Other receive parameters such as receive signal strength indication (RSSI), signal 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 enabled (according to G.4.8.4) as the RSSI strength reaches the ED_THRESHOLD and/or PMD_CS shall be enabled after code lock is established. These conditions are used to indicate activity to the MAC via PHY-CCA.indicate according to G.4.8.4. PHY-CCA.indicate(BUSY) shall be issued for energy detection and/or code lock prior to correct reception of the PLCP header. The PMD primitives PMD_SQ and PMD_RSSI are 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 SFD field is detected, CCITT CRC-16 processing shall be initiated and the PLCP SIGNAL, SERVICE and LENGTH fields are received. The CCITT CRC-16 FCS shall be processed. If the CCITT CRC-16 FCS check fails, the PHY receiver shall return to the RX Idle state as depicted in Figure 10. Should the status of CCA return to the IDLE state during reception prior to completion of the full PLCP processing, the PHY receiver shall return to the RX Idle state.

If the PLCP Header reception is successful (and the SIGNAL field is completely recognizable and sup-ported), a PHY-RXSTART.indicate(RXVECTOR) shall be issued. The RXVECTOR associated with this primitive includes the SIGNAL field, the SERVICE field, the PSDU length in octets (calculated from the LENGTH field in microseconds and the DATARATE in Mbit/s in accordance with the formula in subclause G.2.3.5), RXPREAMBLE_TYPE (which is an enumerated type taking on values SHORTPREAMBLE or LONGPREAMBLE), the antenna used for receive (RX_ANTENNA), RSSI, and SQ.

The received PSDU bits are assembled into octets and presented to the MAC using a series of PHY-DATA. indicate(DATA) primitive exchanges. The rate and modulation change indicated in the SIGNAL field shall be initiated with the first symbol of the PSDU as described in G.2.5. The PHY proceeds with PSDU reception. After the reception of the final bit of the last PSDU octet indicated by the PLCP Preamble LENGTH field, the receiver shall be returned to the RX Idle state as shown in Figure 10. A PHY-RXEND. indicate(NoError) primitive shall be issued. A PHY-CCA.indicate(IDLE) primitive shall be issued following a change in PHYCS (PHY carrier sense) and/or PHYED (PHY energy detection) according to the selected CCA method.

In the event that a change in PHYCS or PHYED would cause the status of CCA to return to the IDLE state before the complete reception of the PSDU as indicated by the PLCP LENGTH field, the error condition PHY-RXEND.indicate(CarrierLost) shall be reported to the MAC. The High Performance PHY shall ensure that the 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 fields are not within the capabilities of the receiver, a PHY-RXSTART.indicate shall not be issued. The PHY shall issue the error condition PHY-RXEND.indicate(UnsupportedRate). If the PLCP Header is invalid, a PHY-RXSTART.indicate shall not be issued and the PHY shall issue the error condition PHY-RXEND.indicate( FormatViolation). Also, in both cases, the High Performance PHY shall ensure that the CCA shall indicate a busy medium for the intended duration of the transmitted PSDU as indicated by the LENGTH field. The intended duration is indicated by the LENGTH field (LENGTH ´ 1 ms).

A typical state machine implementation of the PLCP receive procedure is provided in Figure 10.

[image: image10.png]Figure 10—PLCP receive state machina




G.3 High Performance physical layer management entity (PLME)

G.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 higher layer management entities (LME). These attributes are accessed via the PLME-GET, PLME-SET, and PLME-RESET primitives defined in IEEE Std 802.11- 1999 Clause 10.

G.3.2 High Performance PHY MIB

All High Performance PHY MIB attributes are defined in Annex D of IEEE Std 802.11-1999, with specific values defined in Table 4.

Table 4 ( MIB Attribute Default Values / Ranges

	Managed Object
	Default value / range
	Operational semantics

	dot11PhyOperationTable
	High Performance – 2.4(X’05’)
	Static

	dot11PHYType
	Implementation Dependent
	Static

	dot11TempType
	Implementation Dependent
	Static

	dot11CurrentRegDomain
	Implementation Dependent
	Static

	dot11ChannelAgilityPresent
	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

	dot11AntennaeListTable
	
	

	dot11SupportTxAntenna
	Implementation Dependent
	Static

	dot11SupportRxAntenna
	Implementation Dependent
	Static

	dot11RegDomainsSupportedTable
	
	

	dot11RegDomainsSupported
	Implementation Dependent
	Static

	dot11SupportedDataRatesTx
	Table Tx X’02’, X’04’, X’0B’, X’16’, X’2C’
	Static

	dot11SupportedDataRatesRx
	Table Rx X’02’, X’04’, X’0B’, X’16’, X’2C’
	Static

	NOTE ( The column titled “Operational semantics” contains two types: static and dynamic.  Status 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.


G.3.3 DS PHY characteristics

The static DS PHY characteristics, provided through the PLME-CHARACTERISTICS service primitive, are shown in Table 5. The definitions of these characteristics are in IEEE Std 802.11-1999 subclause 10.4.3.


Table 5-High Performance PHY Characteristics

	Characteristic
	Value

	aSlotTime
	20 s

	aSIFSTime
	10 s

	aCCATime
	<=  <= 

 <= 15 s

	aRxTxTurnaroundTime
	<= 5 s

	aTXPLCPDelay
	Implementors may choose any value for this delay as long as the reqirements 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 s

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


G.3.4 High Rate TXTIME calculation

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

TXTIME = PreambleLength + PLCPHeaderTime + Ceiling(((LENGTH+PBCC) x 8) / DAT-ARATE)

Where LENGTH and DATARATE are values from the TXVECTOR parameter of the corresponding PLME-TXTIME. request primitive. PBCC has a value of 1 if the SIGNAL value from the TXVECTOR parameter specifies PBCC and has a value of 0 otherwise. The value of PreambleLength is 144 microseconds if the TXPREAMBLE_TYPE value from the TXVECTOR parameter indicates "LONGPREAMBLE" or 72 microseconds 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 the TXVECTOR parameter indicates "LONGPREAMBLE" or 24 microseconds if the TXPREAMBLE_TYPE value from the TXVECTOR parameter indicates "SHORTPREAMBLE". LENGTH is in units of octets. DATARATE is in units of Mbit/s. Ceiling is a function which returns the smallest integer value greater than or equal to its argument value.

Table 5-High Performance PHY Characteristics

	Characteristic
	Value

	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 s

	aMACProcessingDelay
	0 (not applicable)

	aPreambleLength
	144 s

	aPLCPHeaderLength
	48 bits

	aMPUMaxLength
	14 <= x <= (212 –1)

	aCWmin
	31

	aCWmax
	1023


G.3.5 Vector Descriptions

Several service primitives include a parameter vector. These vectors are a list of parameters as described in Table 6. DATARATE and LENGTH are described in subclause 12.3.4.4 in IEEE Std 802.11- 1999. The remaining parameters are considered to be management parameters and are specific to this PHY. 

Table 6. Parameter Vectors

	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.

	PREAMBLE_TYPE
	RXVECTOR, TXVECTOR
	The preamble used for the transmission of this PPDU.  This is an enumerated type that can take the value SHORTPREAMBLE or LONGPREAMBLE.

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


G.4 High Performance PMD sublayer

G.4.1 Scope and field of application

This subclause describes the Physical Medium Dependent (PMD) services provided to the PLCP for the High Performance PHY. Also defined in this subclause are the functional, electrical, and RF characteristics required for interoperability of implementations conforming to this specification. The relationship of this specifica-tion to the entire High Performance physical layer is shown in Figure 11.
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G.4.2 Overview of service

The High Performance PMD sublayer accepts PLCP sublayer service primitives and provides the actual means by which data is transmitted or received from the medium. The combined function of High Performance PMD sublayer primitives and parameters for the receive function results in a data stream, timing information, and associated received signal parameters being delivered to the PLCP sublayer. A similar functionality is provided for data transmission.

G.4.3 Overview of interactions

The primitives associated with the PLCP sublayer to the High Performance PMD fall into two basic categories:

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

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

G.4.4 Basic service and options

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

G.4.4.1 PMD_SAP peer-to-peer service primitives

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

Table 7-PMD_SAP Peer-to-Peer Service Primitives

	Primitive
	Request
	Indicate
	Confirm
	Response

	PMD_Data
	
	X
	X
	


G.4.4.2 PMD_SAP sublayer-to-sublayer service primitives

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

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
	
	


G.4.4.3 PMD_SAP service primitive parameters

G.4.5 PMD_SAP detailed service specification

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

G.4.5.1 PMD_DATA.request

G.4.5.1.1 Function

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

G.4.5.1.2 Semantics of the service primitive

The primitive provides the following parameters: 

	Parameter
	Associated primitive
	Value
	Description

	TXD_UNIT
	PMD_DATA.request
	0,1: 1 Mbit/s

00, 01, 11, 10: 2 Mbit/s

X’0’- X’F’:5.5 Mbit/s

X’00’ - X’FF’: 11Mbit/s

X’000” – X’FFF”: 22Mbit/s
	This parameter represents a single block of data, which, in turn, is used by the PMD to be differentially encoded into a transmitted symbol.  The symbol itself is spread by the PN code prior to transmission.


G.4.5.1.3 When generated

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

G.4.5.1.4 Effect of receipt

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

G.4.5.2 PMD_DATA.indicate

G.4.5.2.1 Function

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

G.4.5.2.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	RXD_UNIT
	PMD_DATA.indicate
	0,1: 1 Mbit/s

00, 01, 11, 10: 2 Mbit/s

X’0’- X’F’: 5.5 Mbit/s

X’00’ - X’FF’: 11Mbit/s

X’000” – X’FFF’: 22Mbit/s
	This parameter represents a single symbol that has been demodulated by the PMD entity. 


G.4.5.2.3 When generated

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

G.4.5.2.4 Effect of receipt

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

G.4.5.3 PMD_MODULATION.request

G.4.5.3.1 Function

This primitive, which is generated by the PHY PLCP sublayer, selects the modulation code that is used by the High Performance PHY for transmission.

G.4.5.3.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	MODULATION
	PMD_MODULATION.request

PMD_MODULATION.indicate
	1 Mb Barker, 2 Mb Barker, 5.5 CCK, 11 CCK, 5.5 PBCC, 11 PBCC, or 22 PBCC
	In Receive mode, the MODULATION parameter informs the PLCP layer which of the PHY data modulations was used to process the PSDU portion of the PPDU.  Subclause G.4.6.3 provides further information on the High Performance PHY modulation codes. 


G.4.5.3.3 When generated

This primitive is generated by the PLCP sublayer to change or set the current High Performance PHY modulation code used for the PSDU portion of a PPDU. The PMD_MODULATION.request primitive is normally issued prior to issuing the PMD_TXSTART command.

G.4.5.3.4 Effect of receipt

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

G.4.5.4 PMD_PREAMBLE.request

G.4.5.4.1 Function

This primitive, which is generated by the PHY PLCP sublayer, selects the preamble mode that is used by the High Performance PHY for transmission.

G.4.5.4.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	PREAMBLE
	PMD_PREAMBLE.request
	“0” for long

“1” for short
	PREAMBLE selects which of the High Performance PHY preamble types is used for PLCP transmission.  Subclause G.2.2 provides further information on the High Performance PHY preamble modes. 


G.4.5.4.3 When generated

This primitive is generated by the PLCP sublayer to change or set the current High Performance PHY preamble mode used for the PLCP portion of a PPDU. The PMD_PREAMBLE.request primitive is normally issued prior to issuing the PMD_TXSTART command.

G.4.5.4.4 Effect of receipt

The receipt of PMD_PREAMBLE selects the preamble mode that is used for all subsequent PSDU transmissions. This mode is used for transmission only. The High Performance PHY shall still be capable of receiving all the required High Performance PHY preambles. This primitive sets the state of the PHY for modulation of the appropriate mode.

G.4.5.5 PMD_PREAMBLE.indicate

G.4.5.5.1 Function

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

G.4.5.5.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	PREAMBLE
	PMD_PREAMBLE.indicate
	“0” for long

“1” for short
	In receive mode, the PREAMBLE parameter informs the PLCP layer which of the High Performance PHY preamble modes was used to send the PLCP portion of the PPDU 


G.4.5.5.3 When generated

This primitive is generated by the PMD sublayer when the PLCP Preamble has been properly detected.

G.4.5.5.4 Effect of receipt

This parameter is provided to the PLCP layer for information only.

G.4.5.6 PMD_TXSTART.request

G.4.5.6.1 Function

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

G.4.5.6.2 Semantics of the service primitive

This primitive has no parameters.

G.4.5.6.3 When generated

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

G.4.5.6.4 Effect of receipt

PMD_TXSTART initiates transmission of a PPDU by the PMD sublayer.

G.4.5.7 PMD_TXEND.request

G.4.5.7.1 Function

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

G.4.5.7.2 Semantics of the service primitive

This primitive has no parameters.

G.4.5.7.3 When generated

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

G.4.5.7.4 Effect of receipt

PMD_TXEND terminates transmission of a PPDU by the PMD sublayer.

G.4.5.8 PMD_ANTSEL.request

G.4.5.8.1 Function

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

G.4.5.8.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	ANT_STATE
	PMD_ANTSEL.request

PMD_ANTSEL.indicate
	1 to 256
	ANT_STATE selects which of the available antennas should be used for transmit.  The number of available antennas is determined from the MIB table parameters aSuprtRxAntennas and aSuprtTxAntennas.


G.4.5.8.3 When generated

This primitive is generated by the PLCP sublayer to select a specific antenna for transmission (or reception when diversity is disabled).

G.4.5.8.4 Effect of receipt

PMD_ANTSEL immediately selects the antenna specified by ANT_STATE.

G.4.5.9 PMD_TXPWRLVL.request

G.4.5.9.1 Function

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

G.4.5.9.2 Semantics of the service primitive

The primitive provides the following parameters: 

	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 current PPDU transmission.  The number of available power levels is determined by the MIB parameter dot11NumberSupported

PowerLevels.  Subclause G.4.7.2 provides further information on the optional High Performance PHY power level control capabilities.


G.4.5.9.3 When generated

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

G.4.5.9.4 Effect of receipt

PMD_TXPWRLVL immediately sets the transmit power level given by TXPWR_LEVEL.

G.4.5.10 PMD_RATE.request

G.4.5.10.1 Function

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

G.4.5.10.2 Semantics of the service primitive

The primitive provides the following parameters:

	RATE
	PMD_RATE.indicate

PMD_RATE.request
	X’0A’ for 1 Mbit/s

X’14’ for 2 Mbit/s

X’37’ for 5.5 Mbit/s

X’6E’ for 11 Mbit/s

X’DC’ for 22 Mbit/s
	RATE selects which of the High Performance PHY data rates is used for PSDU transmission.  Subclause  G.4.6.3 provides further information on the High Performance PHY data rates.  The High Performance PHY rate change capability is fully described in G.2 


G.4.5.10.3 When generated

This primitive is generated by the PLCP sublayer to change or set the current High Performance PHY data rate used for the PSDU portion of a PPDU.

G.4.5.10.4 Effect of receipt

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

G.4.5.11 PMD_RSSI.indicate

G.4.5.11.1 Function

This optional primitive may be generated by the PMD to provide the received signal strength to the PLCP.

G.4.5.11.2 Semantics of the service primitive

The primitive provides the following parameters: 

	Parameter
	Associated primitive
	Value
	Description

	RSSI
	PMD_RSSI.indicate
	0 – 8 bits of RSSI
	The RSSI is a measure of the RF energy received by the High Performance PHY. 


G.4.5.11.3 When generated

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

G.4.5.11.4 Effect of receipt

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

G.4.5.12 PMD_SQ.indicate

G.4.5.12.1 Function

This optional primitive, may be generated by the PMD to provide an indication of the signal quality (SQ) of the High Performance PHY PN code correlation to the PLCP. SQ is a measure of the quality of BARKER code lock, providing an effective measure during the full reception of a PLCP preamble and header.

G.4.5.12.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	SQ
	PMD_SQ.indicate
	0 – 8 bits of SQ
	This primitive is a measure of the signal quality received by the HP/DSSS PHY. 


G.4.5.12.3 When generated

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

G.4.5.12.4 Effect of receipt

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

G.4.5.13 PMD_CS.indicate

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

G.4.5.13.1 Function

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

G.4.5.13.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

	PMD_CS
	PMD_CS.indicate
	‘0’ for DISABLED

‘1’ for ENABLED
	The PMD_CS (carrier sense) primitive in conjunction with PMD_ED provide CCA status through the PLCP layer PHYCCA primitive.  PMD_CS indicates a binary status of ENABLED or DISABLED.  PMD_CS is ENABLED when the correlator SQ indicated in PMD_SQ is greater than the correlator threshold.  PMD_CS is DISABLED when the PMD_SQ falls below the correlation threshold. 


G.4.5.13.3 When generated

This primitive is generated by the PMD sublayer when the High Performance PHY is receiving a PPDU and the PN code has been acquired.

G.4.5.13.4 Effect of receipt

This indicator is provided to the PLCP for forwarding to the MAC entity for information purposes through the PHYCCA indicator. This parameter shall indicate that the RF medium is busy and occupied by a High Performance PHY signal. The High Performance PHY should not be placed into the transmit state when PMD_CS is ENABLED.

G.4.5.14 PMD_ED.indicate

G.4.5.14.1 Function

This optional primitive may be generated by the PMD to provide an indication that the receiver has detected RF energy indicated by the PMD_RSSI primitive that is above a predefined threshold.

G.4.5.14.2 Semantics of the service primitive

The primitive provides the following parameters:
	Parameter
	Associated primitive
	Value
	Description

	PMD_ED
	PMD_ED.indicate
	‘0’ for DISABLED

‘1’ for ENABLED
	The PMD_ED (energy detect) primitive, along with the PMD_SQ, provides CCA status at the PLCP layer through the PHYCCA primitive.  PMD_ED indicates a binary status of ENABLED or DISABLED.  PMD_ED is ENABLED when the RSSI indicated in PMD_RSSI is greater than the ED_THRESHOLD parameter.


G.4.5.14.3 When generated

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

G.4.5.14.4 Effect of receipt

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

G.4.5.15 PMD_ED.request

G.4.5.15.1 Function

This optional primitive may be generated by the PLCP to set a set a value for the energy detect ED THRESHOLD.

G.4.5.15.2 Semantics of the service primitive

The primitive provides the following parameters:

	Parameter
	Associated primitive
	Value
	Description

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

PMD_ED is DISABLED when the PMD_RSSI falls below the energy detect threshold


G.4.5.15.3 When generated

This primitive is generated by the PLCP sublayer to change or set the current High Performance PHY energy detect threshold.

G.4.5.15.4 Effect of receipt

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

G.4.6 PMD operating specifications, general

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

G.4.6.1 Operating frequency range

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

G.4.6.2 Number of operating channels

The channel center frequencies and CHNL_ID numbers shall be as shown in Table 9. The FCC (US), IC (Canada), and ETSI (Europe) specify operation from 2.4 GHz to 2.4835 GHz. For Japan, operation is specified as 2.471 GHz to 2.497 GHz. France allows operation from 2.4465 GHz to 2.4835 GHz, and Spain allows operation from 2.445 GHz to 2.475 GHz. For each supported regulatory domain, all channels in Table 9 marked with "X" shall be supported.

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

Table 9-High Performance PHY Frequency Channel Plan

	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


G.4.6.3 Modulation and channel data rates

Five modulation formats and data rates are specified for the High Performance PHY. The basic access rate shall be based on 1 Mbit/s DBPSK modulation. The enhanced access rate shall be based on 2 Mbit/s DQPSK. The extended Direct Sequence specification defines three additional data rates.  The high rate access rate shall be based on the Packet Binary Convolutional Coding (PBCC) mode for 5.5, 11, and 22 Mbit/s.   The 5.5 and 11 Mbit/s Complementary Code Keying (CCK) modulation scheme shall also be supported.  The choice between two distinct modes at the same rate is beyond the scope of this document.
G.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/s modulation:

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

The leftmost chip shall be output first in time. The first chip shall be aligned at the start of a transmitted symbol. 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 specified in Table 11. (In the tables, +j shall be defined as counterclockwise rotation.)

Table 10 – 1Mbit/s DBPSK Encoding Table

	Bit input
	Phase change (+j)

	0
	0

	1
	


Table 11 – 2 Mbit/s DQPSK Encoding Table

	Dibit pattern (d0,d1)

d0 is first in time
	Phase change (+j)

	00
	0

	01
	

	10
	

	11
	


G.4.6.5 Spreading Sequences and modulation for CCK modulation at 5.5 and 11 Mbit/s

The spreading sequences and modulation for CCK modulation at 5.5 and 11 Mbit/s are unchanged from IEEE Std 802.11b-1999.

G.4.6.6 
 PBCC-11 Data Modulation and Modulation Rate

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

The encoder for this scheme is shown in Figure 12. Incoming data is first encoded with a binary convolutional code. A cover code is applied to the encoded data prior to transmission through the channel.
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The binary convolutional code that is used is a 64-state, rate 1/2 code. The generator matrix for the code is given as:

G = [D6 + D4 + D3 + D + 1, D6 + D5 + D4 + D3 + D2 + 1]

or in octal notation, it is given by

G = [133, 175]

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

An encoder block diagram is shown in Figure 13. It consists of six memory elements. For every data bit input, two output bits are generated.
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                                                    Figure 13.  PBCC-11 Convolutional Encoder

The output of the binary convolutional code described in above is mapped to a constellation using one of two possible rates. The 5.5 Mbps rate uses BPSK and the 11 Mbps rate uses QPSK. In QPSK mode each pair of output bits from the binary convolutional code is used to produce one symbol, while in BPSK mode each pair of bits from the BCC is taken serially (y0 first) and used to produce two BPSK symbols. This yields a throughput 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 chip of the PCLP header, i.e. the last chip of the CRC check. The bits (y 1 y 0 ) = (0,0) shall indicate the same phase as the last chip of the CRC check. The other three combinations of (y 1 y 0 ) 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 determined by a pseudo-random cover sequence. This is shown for both modes in Figure 14. Note that this is an absolute phase table, not differential as in CCK.

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

This sequence of 256 bits is produced by taking the first sixteen bits of the sequence as the seed sequence, the second sixteen bits as the seed sequence cyclically left rotated by three, the third sixteen bits as the seed sequence cyclically left rotated by six, etc. If ci is the ith bit of the seed sequence, where 0 <= I <= 15, then 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

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.
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G.4.6.7 PBCC-22 Data Modulation and Modulation Rate

This coding scheme uses a 256-state binary convolutional code of rate 2/3 and a cover sequence.  The output of the BCC is encoded jointly onto the I and Q channels as further documented below.

In the encoder for this scheme, incoming data is first encoded with a binary convolutional code.  A cover code is applied to the encoded data prior to transmission through the channel.

The binary convolutional code that is used is a 256-state, rate 2/3 code.  The generator matrix for the code is given as:

G = [  1 +  1 + D^4 D4         D              D + D3 ]

        [     D3      1 + D2 + D4     D + D3  ] .

In octal notation, the generator matrix is given by

G = [ 21    2   12]

         [10   25  12].

Since the system is frame (PPDU) based, the encoder shall be in state zero, i.e., all memory elements contain zero, at the beginning of every PPDU.  The encoder must also be placed in a known state at the end of every PPDU to prevent the data bits near the end of the PPDU.  This is achieved by appending one octet containing all zeros to the end of the PPDU prior  to transmission and discarding the final octet of each received PPDU. 

An encoder block diagram is shown in Figure 15.  It consists of four memory elements.  For every pair of data bits input, three output bits are generated.  The output of the convolutional code is mapped to an 8-PSK constellation; each triple of output bits from the binary convolutional code is used to produce one symbol.  This yields a throughput of two information bits per symbol. 
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                                               Figure 15.  PBCC-22 Convolutional Encoder

The phase of the first complex chip of the PSDU shall be defined with respect to the phase of the last chip of the PCLP header, i.e., the last chip of the CRC check. The bits (y2 y1 y0) = (0,0,0) shall indicate the same phase as the last chip of the CRC check.  The other seven combinations of (y2 y1 y0) shall be defined with respect to this reference phase as shown in Figure 16. 

The mapping from BCC outputs to 8-PSK constellation points is determined by a pseudo-random cover sequence.  The cover sequence is the same one as described in Section G.4.6.6. The current binary value of this sequence at every given point in time is taken as s in Figure 16. The mapping is shown in Figure 16. 
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                                             Figure 16.  Cover Code Mapping for PBCC-22.

G.4.6.7 Channel Agility (Optional)

The channel agility option is exactly as in IEEE Std 802.11b-1999.

G.4.6.8 Transmit and receive in-band and out-of-band spurious emissions

The High Performance PHY shall conform with in-band and out-of-band spurious emissions as set by regulatory bodies. For the USA, refer to FCC 15.247, 15.205, and 15.209. For Europe, refer to ETS 300–328. For Japan refer to MPT ordinance for Regulating Radio Equipment, Article 49-20.

G.4.6.9 Transmit-to-receive turnaround time

The TX-to-RX turnaround time shall be less than 10 ms, including the power-down ramp specified in G 4.7.6.

The TX-to-RX turnaround time shall be measured at the air interface from the trailing edge of the last transmitted symbol to valid CCA detection of the incoming signal. The CCA should occur within 25 ms (10 ms for turnaround time plus 15 ms for energy detect) or by the next slot boundary occurring after the 25 ms has elapsed (refer to G.4.8.4). A receiver input signal 3 dB above the ED threshold described in G.4.8.4 shall be present at the receiver.

G.4.6.10 Receive-to-transmit turnaround time

The RX-to-TX turnaround time shall be measured at the MAC/PHY interface, using PHYTXSTART.request and shall be 5 ms. This includes the transmit power up ramp described in G.4.7.6.

G.4.6.11 Slot time

The slot time for the High Performance PHY shall be the sum of the RX-to-TX turnaround time (5 ms) and the energy detect time (15 ms specified in G.4.8.4). The propagation delay shall be regarded as being included in the energy detect time.

G.4.6.12 Channel switching/settling time

When the channel agility option is enabled, the time to change from one operating channel frequency to another as specified in G.4.6.2 is 224 ms. A conformant PMD meets this switching time specification when the operating channel center frequency has settled to within +/- 60 kHz of the nominal channel center. Stations shall not transmit until after the channel change settling time.

G.4.6.13 Transmit and receive antenna port impedance

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

G.4.6.14 Transmit and receive operating temperature range

Three temperature ranges for full operation compliance to the High Performance PHY are specified in Clause 13. Type 1 shall be defined as 0 o C to 40 o C, and is designated for office environments. Type 2 shall be defined as –30 o C to +70 o C, and is designated for industrial environments.

G.4.7 PMD transmit specifications

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

G.4.7.1 Transmit power levels

The maximum allowable output power as measured in accordance with practices specified by the regulatory bodies is shown in Table 12. In the USA, the radiated emissions should also conform with the ANSI uncontrolled radiation emission standards (IEEE Std C95.1-1991).

Table 12-Transmit Power Levels

	Maximum output power
	Geographic location
	Compliance document

	1000 mW
	USA
	FCC 15.247

	100 mW (EIRP)
	Europe
	ETS 300-328

	100 mW/MHz
	Japan
	MPT ordinance for Regulating Radio Equipment, Article 49-20


G.4.7.2 Transmit power level control

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

G.4.7.3 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 19. The measurements shall be made using 100 kHz resolution bandwidth and a 100 kHz video bandwidth.
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G.4.7.4 Transmit center frequency tolerance

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

G.4.7.5 Chip clock frequency tolerance

The PN code chip clock frequency tolerance shall be better than ±25 ppm maximum. It is highly recommended that the chip clock and the transmit frequency be locked (coupled) for optimum demodulation performance. If these clocks are locked, it is recommended that bit 2 of the SERVICE field be set to a 1 as indicated in paragraph G.2.3.4.

G.4.7.6 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 ms. The transmit power-on ramp is shown in Figure 20.
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The transmit power-down ramp for 90% to 10% maximum power shall be no greater than 2 ms. The transmit power down ramp is shown in Figure 21.
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The transmit power ramps shall be constructed such that the High Performance PHY emissions conform with spurious frequency product specification defined in G.4.6.8.

G.4.7.7 RF carrier suppression

The RF carrier suppression, measured at the channel center frequency, shall be at least 15 dB below the peak SIN(x)/x power spectrum. The RF carrier suppression shall be measured while transmitting a repetitive 01 data sequence with the scrambler disabled using DQPSK modulation. A 100 kHz resolution bandwidth shall be used to perform this measurement.

G.4.7.8 Transmit modulation accuracy 

The transmit modulation accuracy requirement for the High Performance PHY shall be based on the difference between the actual transmitted waveform and the ideal signal waveform. Modulation accuracy shall be determined by measuring the peak vector error magnitude measured during each chip period. Worst-Case vector error magnitude shall not exceed 0.35 for the normalized sampled chip data. The ideal complex I and Q constellation points associated with DQPSK modulation (0.707,0.707), (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 after recovery through a reference receiver system.

Figure 22 illustrates the ideal DQPSK constellation points and range of worst-case error specified for modulation accuracy.
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Error vector measurement requires a reference receiver capable of carrier lock. All measurements shall be made under carrier lock conditions. The distortion induced in the constellation by the reference receiver shall be calibrated and measured. The test data error vectors described below shall be corrected to compensate for the reference receiver distortion.

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

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

The eye pattern of the I channel shall be used to determine the I and Q sampling point. The chip clock pro-vided by the vendor radio shall be time delayed such that the samples fall at a 1/2 chip period offset from the mean of the zero crossing positions of the eye (see Figure 23). This is the ideal center of the eye and may not be the point of maximum eye opening.
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Using the aligned chip clock, 1000 samples of the I and Q baseband outputs from the reference receiver are captured. The vector error magnitudes shall be calculated as follows:

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

Calculate the normalized error vector magnitude for the I dc (n)/Q dc (n) pairs.
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with V correction = error induced by the reference receiver system.

A vendor High Performance PHY implementation shall be compliant if for all n =1000 samples the following condition is met:

V err (n) < 0.35

G.4.8 PMD receiver specifications

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

G.4.8.1 Receiver minimum input level sensitivity

The frame error ratio (FER) shall be less than 8 x 10–2 at a PSDU length of 1024 octets for an input level of – 76 dBm measured at the antenna connector. This FER shall be specified for 22 Mbit/s PBCC modulation. The test for the minimum input level sensitivity shall be conducted with the energy detection threshold set less than or equal to –76 dBm.

G.4.8.2 Receiver maximum input level

The receiver shall provide a maximum FER of 8x10-2  at a PSDU length of 1024 octets for a maximum input level of –10 dBm measured at the antenna. This FER shall be specified for 22 Mbit/s PBCC modulation.

G.4.8.3 Receiver adjacent channel rejection

Adjacent channel rejection is defined between any two channels with >25 MHz separation in each channel group defined in G.4.6.2.

The adjacent channel rejection shall be equal to or better than 35 dB with an FER of 8 x 10–2 using 22 Mbit/s PBCC modulation described in and a PSDU length of 1024 octets.

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

Input a 22 Mbit/s PBCC modulated signal at a level 6 dB greater than specified in G.4.8.1. In an adjacent channel (>25 MHz separation as defined by the channel numbering), input a signal modulated in a similar fashion that adheres to the transmit mask specified in G.4.7.3 to a level 41 dB above the level specified in G.4.8.1. The adjacent channel signal shall be derived from a separate signal source. It cannot be a frequency shifted version of the reference channel. Under these conditions, the FER shall be no worse than 8x10-2.
G.4.8.4 CCA

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

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

b) CCA Mode 4: Carrier Sense with timer. CCA shall start a timer whose duration is 3.65 ms and report a busy medium only upon the detection of a High Performance PHY signal. CCA shall report an idle medium after the timer expires and no High Performance PHY signal is detected. The 3.65 ms timeout is the duration of the longest possible 5.5 Mbit/s PSDU.
c) CCA Mode 5: A combination of Carrier Sense and energy above threshold. CCA shall report busy at least while a High Rate PPDU with energy above the ED threshold is being received at the antenna.

The energy detection status shall be given by the PMD primitive, PMD_ED. The carrier sense status shall be given by PMD_CS. The status of PMD_ED and PMD_CS is used in the PLCP convergence procedure to 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. The 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 subject to the following criteria:

a) If a valid High Rate signal is detected during its preamble within the CCA assessment window, the energy detection threshold shall be less than or equal to –76 dBm for TX power > 100 mW, –73 dBm for 50 mW < TX power < 100 mW, and –70 dBm for TX power < 50 mW.

b) With a valid signal (according to the CCA mode of operation) present at the receiver antenna within 5 ms of the start of a MAC slot boundary, the CCA indicator shall report channel busy before the end of the slot time. This implies that the CCA signal is available as an exposed test point. Refer to IEEE Std 802.11-1999 Figure 47 for a slot time boundary definition.

c) In the event that a correct PLCP Header is received, the High Performance PHY shall hold the CCA signal inactive (channel busy) for the full duration as indicated by the PLCP LENGTH field. Should a loss of carrier sense occur in the middle of reception, the CCA shall indicate a busy medium for the intended duration of the transmitted PPDU. Upon reception of a correct PLCP Header, the timer of CCA Mode 2 shall be overridden by this requirement.

Conformance to High Performance PHY CCA shall be demonstrated by applying an equivalent High  Performance compliant signal, above the appropriate ED threshold (a), such that all conditions described in b) and c) above are demonstrated.
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