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Abstract

This document contains normative text changes to resolve comment IDs: 124, 188, 189, 190, 193, 194, 196, 197, 199, 200, 202, 203, 208, 308, 309, 310, 311, 314, 315, 316, 320, 329, 330, 354, 397, 442, 443, 453, 464, 488, 490, 491, 492, 493, 496, 529, 540, 541, 542, 544, 545, 552, 562, 563, 564, 565, 566, 567, 568, 569 and 570.
The submission is referenced to draft D4.02 and augments to all editor instructions as well as the actual base draft modifications.   

All new text relative to the draft D4.02 is identified in blue color and underlined and all deleted text is identified by strikethrough.
1.2 Purpose

Insert the following dash list item at the end of the list of items in 1.2:

—
Defines mechanisms for Wireless Network Management of STAs, including BSS transition management, channel usage, collocated interference reporting, diagnostic, multicast diagnostic, event reporting, a flexible multicast service, multiple BSSID advertisement, proxy ARP service advertisement, location services, Timing Measurement service, TIM broadcast service, directed multicast service, WNM-Sleep mode and traffic filtering service.

Insert after 3.148a TIM broadcast
3.148b timing measurement counter: A monotonically increasing counter incremented periodically with clock ticks where the clock is driven by a free running oscillator.
5.2.11.17 Timing Measurement

Timing Measurement action frames are used to communicate time corresponding to  the Time of Departure and Time of Arrival of the Timing Measurement action frame and the ACK in response to it. A Time Synchronization procedure can be executed using the Timing Measurement action frames. With the time values communicated via the action frames, and the time values generated locally corresponding to when the Timing Measurement action frame was received and when the ACK in response to the the received action frame was transmitted, a STA can compute relative offset of the local clock with respect to the local clock at the STA transmitting the Timing Measurement action frame.

7. Frame formats

7.4.11 WNM Action details

7.4.11.24 Timing Measurement frame format

The Timing Measurement frame uses the Action frame body format and is used to exchange timing measurement related data between two STAs. The format of the frame is shown in Figure v104.

	
	
	
	
	
	

	
	Category
	Action
	Dialog Token
	Follow Up Dialog Token
	TOD(optional)

	Octets:
	1
	1
	1
	1
	0 or 4

	
	
	
	
	
	

	
	TOA(optional))
	Max TODError (optional)
	Max TOA Error (optional)
	Optional subelements
	

	Octets:
	0 or 4
	0 or 1
	0 or 1
	variable
	


	Figure v104—Timing Measurement frame format


The Category field is set to the value indicating the Wireless Network Management category, as specified in Table 7-24 in 7.3.1.11.

The Action field is set to the value indicating Timing Measurement as specified in Table v39 in 7.4.11.1.

The Dialog Token field is set to a non-zero value chosen by the STA sending the request to identify the transaction. The Dialog Token set to zero indicates that the Timing Measurement frame is not part of a time synchronization transaction, see 11.20.6. 

Two Timing Measurement frames are transmitted from a STA to accomplish a timing synchronization transaction. These frames are designated as the Initial Timing Measurement frame and the Follow Up Timing Measurement frame respectively, see 11.20.6.

In the Initial Timing Measurement frame, the Follow Up Dialog Token is set to zero. In addition, the TOD, TOA, Max TODError, and Max TOAError fields are not present. In the Follow Up Timing Measurement frame, the Follow Up Dialog Token field is set to the value of the Dialog Token field used in the Initial Timing Measurement action frame.  In the Follow Up Timing Measurement frame, the Follow Up Dialog Token is set to the value of the Dialog Token used in the Initial Timing Measurement frame. Also, the TOD, TOA, Max TOD Error and Max TOA Error are present. See 11.20.5.
The TOD, TOA, Max TODError, and Max TOA Error fields are expressed in units of 10 nanoseconds.


The TOD field contains the value of the timing measurement counter corresponding to when start of preamble for frame is transmitted at the transmit antenna..
The TOA field contains the value of the timestamp counter corresponding to when the start of preamble for the incoming frame arrives at the receive antenna.

The Max TOD Error field contains the upper bound for error in the value specified in the TOD field. For instance, a value of 2 in the Max TOD Error field indicates that the value in the TOD field has a maximum error of +/- 20 nanoseconds.
The Max TOA Error field contains the upper bound for error in the value specified in the TOA field. For instance, a value of 2 in the Max TOA Error field indicates that the value in the TOA field has a maximum error of +/- 20 nanoseconds. 
A value of zero for the Max TOD Error or the Max TOA Error field indicates that an estimate of error in the corresponding value is unknown. A value of 255 indicates that the estimate of maximum error greater than or equal to 2.55 microseconds.


The Optional Subelements field contains zero or more Subelements each consisting of one octet Subelement ID field, a one octet Length field and a variable length Data field, as shown in Figure 7-95p. Any optional sub-elements are ordered by non-decreasing Sub-element ID.

The Sub-element ID field values for the defined optional sub-elements are shown in Table v45. A Yes in the Extensible column of a sub-element listed in Table v45 indicates that the length of the subelement might be extended in future revisions or amendments of this standard. When the Extensible column of an element is set to Subelements, then the subelement might be extended in future revisions or amendments of this standard by defining additional subelements within the sub-element. See 9.14.2
	Table v45—Optional Subelement IDs for Timing Measurement frame



	Subelement ID
	Name
	Length field
(octets)
	Extensible

	0-220
	Reserved
	
	

	221
	Vendor Specific
	1 to 238
	

	222-255
	Reserved
	
	


The Vendor Specific subelement has the same format as the Vendor Specific element (see 7.3.2.26). There may be multiple Vendor Specific subelements in the list of Optional Subelements.

10. Layer management

10.3 MLME SAP Interface

10.3.51 Timing Measurement

The following set of primitives supports exchange of timing measurement information from one SME to another. The informative diagram in Figure v113 depicts the time synchronization information exchange. Multiple exchange of time synchronization information may be required in order for a STA to synchronize itself and remain synchronized with respect to another STA. 


[image: image1.emf]MLME MLME

MLME.TIMINGMSMT.Req Timing Measurement Action Frame

MLME.TIMINGMSMT.ind

A

C

K

MLME.TIMINGMSMT.confirm

t2

t1

t3

t1

t4

IEEE 802.11 STA A

IEEE 802.11 STA B


Figure v113—Timing Measurement Information Exchange

NOTE 1 — Timestamps t1, t2, t3 and t4 as depicted in Figure v113 are approximate. 

NOTE 2 —t1 and t3hold the value of the timing measurement counter corresponding to the point in time at which the start of preamble for the frame is transmitted at the transmit antenna, An implementation may read the timing measurement counter during the trasnmit processing earlier or later than the point at which the start of preamble for the frame is transmitted at the transmit antenna and offset the value to compensate for the time differernce. 
NOTE 3—t2 and t4 hold the value of the timing measurement counter corresponding to the point in time at which the start of preamble for the incoming frame arrives at the receive antenna. Because time is needed to detect the frame and synchronize with its logical structure, an implementation will necessarily read the timing measurement counter value at a point in time later than the time at which the start of preamble for the incoming frame arrived at the receive antenna and compensate for the delay by subtracting an offset from the timing measurement counter value. 

10.3.51.1 MLME-TIMINGMSMT.request

10.3.51.1.1 Function

This primitive requests the transmission of Timing Measurement frame to a peer entity.

10.3.51.1.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-TIMINGMSMT.request
(
Peer MAC Address,
Dialog Token,
Follow Up Dialog Token,
TOD,






TOA,






Max TOD Error,






Max TOA Error,






VendorSpecific)

	Name
	Type
	Valid range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual or group addressed MAC Address
	The address of the peer MAC entity to which the Timing Measurement frame shall be sent.

	Dialog Token
	Integer
	1-255
	The dialog token to identify the Timing Measurement transaction.

	Follow Up Dialog Token
	Integer
	0-255
	The dialog token of a Timing Measurement frame which the current frame follows. See 11.20.6.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	TOD 
	Integer
	
	This parameter is present only if the Follow Up Dialog Token field is non-zero. See 7.4.11.24. It is set to value of t1. See Figure v113.

	TOA
	Integer
	
	This parameter is present only if the Follow Up Dialog Token field is non-zero. See 7.4.11.24. It is set to the value of t4. See Figure v113.

	Max TOD Error
	Integer
	0-255
	This parameter is present only if the Follow Up Dialog Token field is non-zero. See 7.4.11.24.

	Max TOA Error
	Integer
	0-255
	This parameter is present only if the Follow Up Dialog Token field is non-zero. See 7.4.11.24.

	VendorSpecific 
	A set of information

elements
	As defined in 7.3.2.26
	Zero or more information elements.


10.3.51.1.3 When generated

This primitive is generated by the SME to request that a Timing Measurement frame be sent to a peer entity.

10.3.51.1.4 Effect of receipt

On receipt of this primitive, the MLME constructs a Timing Measurement frame containing the time measurement parameters specified. This frame is then scheduled for transmission.

10.3.51.2 MLME-TIMINGMSMT.confirm

10.3.51.2.1 Function

This primitive indicates that a Timing Measurement frame has been successfully received by the peer STA to which it was sent.

10.3.51.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-TIMINGMSMT.confirm
(

Peer MAC Address,

Dialog Token,






TOD,

Max TOD Error,

TOA Timestamp,

Max TOA Error)

	Name
	Type
	Valid range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual or group addressed MAC Address
	The address of the peer MAC entity to which acknowledges the receipt of the Timing Measurement frame

	Dialog Token
	Integer
	1-255
	The dialog token to identify the Timing Measurement transaction.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	TOD
	32 bit unsigned Integer
	
	Set to the value of t1 (See  Figure v113) expressed in 10 nanosecond units. 

	Max TOD Error
	Integer
	0-255
	Maximum error in the TOD value expressed in 10 nanosecond units.

	TOA 
	32 bit unsigned Integer
	
	Set to the value of t4 (See  Figure v113) expressed in 10 nanosecond units.

	Max TOA Error
	Integer
	0-255
	 Maximum error in TOA value expressed in 10 nanosecond units.


10.3.51.2.3 When generated

This primitive is generated by the MLME when an ACK corresponding to the Timing Measurement frame is received from the peer STA.

10.3.51.2.4 Effect of receipt

On receipt of this primitive, the SME uses the information contained within the notification.

10.3.51.3 MLME-TIMINGMSMT.indication

10.3.51.3.1 Function

This primitive indicates that a Timing Measurement frame has been received and the corresponding ACK has been transmitted.

10.3.51.3.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-TIMINGMSMT.indication
(

Peer MAC Address,

Dialog Token,

Follow Up Dialog Token,








TOD,

Max TOD Error,

TOA,

Max TOA Error,

Timing Measurement Frame Time of Arrival,

Max Error in Timing Measurement Frame Time of Arrival,





ACK TOD,

Max ACK TOD Error,

VendorSpecific)

	Name
	Type
	Valid range
	Description

	Peer MAC Address
	MACAddress
	Any valid individual or group addressed MAC Address
	The address of the peer MAC entity to which the Timing Measurement frame shall be sent.

	Dialog Token
	Integer
	1-255
	The dialog token to identify the Timing Measurement transaction.

	Follow Up Dialog Token
	Integer
	1-255
	The dialog token of a Timing Measurement frame which the current frame follows. See 11.20.6.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	TOD 
	Integer
	
	Set to the value of TOD field in the incoming Timing Measurement action frame. Otherwise set to zero.

	Max TOD Error
	Integer
	0-255
	Set to the value of Max TOD Error field in the incoming Timing Measurement action frame. Otherwise set to zero.

	TOA
	Integer
	
	Set to the value of TOA Error field in the incoming Timing Measurement action frame. Otherwise set to zero.

	Max TOA Error
	Integer
	0-255
	Set to the value of Max TOA Error field in the incoming Timing Measurement action frame. Otherwise set to zero.

	Timing Measurement Frame Time of Arrival
	32 bit unsigned Integer
	
	Set to the value of t2 (See Figure v113) expressed in 10 nanosecond units.

	Max Error in Timing Measurement Time of Arrival 
	Integer
	0-255
	Maximum error in the Time of Arrival value expressed in 10 nanosecond units.

	ACK TOD
	32 bit unsigned Integer
	
	Set to the value of t3 (See Figure v113)  expressed in 10 nanosecond units. 

	Max ACK TOD Error
	Integer
	0-255
	Maximum error in the value specified in the ACK TOD field, expressed in 10 nanosecond units.

	VendorSpecific 
	A set of information

elements
	As defined in 7.3.2.26
	Zero or more information elements.


10.3.51.3.3 When generated

This primitive is generated by the MLME when a valid Timing Measurement frame is received.

10.3.51.3.4 Effect of receipt

On receipt of this primitive, the SME uses the information contained within the notification.

10.4 PLME SAP interface

10.4.3 PLME-CHARACTERISTICS.confirm

10.4.3.2 Semantics of the service primitive

Change the primitive parameter list as shown:

PLME-CHARACTERISTICS.confirm(
aSlotTime,
aSIFSTime,
aCCATime,
aPHY-RX-START-Delay,
aRxTxTurnaroundTime,
aTxPLCPDelay,
aRxPLCPDelay,
aRxTxSwitchTime,
aTxRampOnTime,
aTxRampOffTime,
aTxRFDelay,
aRxRFDelay,
aAirPropagationTime,
aMACProcessingDelay,
aPreambleLength,
aPLCPHeaderLength,
aMPDUDurationFactor,
aMPDUMaxLength,
aCWmin,
aCWmax,
aMaxCSIMatricesReportDelay,
aMaxTODError,
aMaxTOAError) 


	Name
	Type
	Description

	aTODError
	integer
	An estimate of the maximum error (in 10 nanosecond units) in the TX_START_OF_FRAME_OFFSET value in the PHY-TXSTART.confirm(TXSTATUS) primitive. The estimated maximum error includes any error due to implementation component and environmental (including temperature) variability.

	aTOAError
	integer
	An estimate of the maximum error (in 10 nanosecond units) in the RX_START_OF_FRAME_OFFSET value in the PHY-RXSTART.indicate(RXVECTOR) primitive. The estimated maximum error includes any error due to implementation component and environmental (including temperature) variability.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


11.20.5 Timing measurement procedure

Implementation of Timing Measurement is optional for a WNM STA. A STA that implements Timing Measurement has the MIB attribute dot11MgmtOptionTimingMsmtImplemented set to true. When dot11MgmtOptionTimingMsmtImplemented is true, dot11WirelessManagementImplemented shall be true.

If dot11MgmtOptionTimingMsmtEnabled is set to true, the Timing Measurement field in the Extended Capabilities information element shall be set to 1 and the STA supports the timing measurement procedure. If dot11MgmtOptionTimingMsmtEnabled is false the STA shall set the Timing Measurement field in the Extended Capabilities information element to 0 and the STA does not support the Timing Measurement procedure. When a STA that does not support the Timing Measurement procedure receives a Timing Measurement frame it shall ignore the frame.

A STA provides timing measurement values to a peer STA using the Timing Measurement action frame. A receiving STA may use the timing values in the Timing Measurement action frame along with timing information derived locally to estimate the offset of the local clock with respect to the clock of the STA transmitting the action frame. A Timing Measurement transaction requires two Timing Measurement action frames to be sent from a STA (STA-A) to a peer STA (STA-B). At the end of the transaction, STA-B has enough information to synchronize the local clock with respect to the clock at STA-A.
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Figure v124—Timing Measurement Procedure

The offset for the clock at STA-B with respect to the clock at STA-A is estimated using the equation (assuming symmetric wireless channel). See Figure v113 in 10.3.51. 


Clock offset at STA-B relative to STA-A = [(t2 –t1) + (t4 –t3)]/2
The Follow Up Dialog Token field in the action frame is used to identify each of the action frames in the Timing Measurement transaction. When a STA(STA-A) initiates the timing measurement procedure, it shall send an Initial Timing Measurement action frame where the Dialog Token is set to a non-zero value (n) and the Follow Up Dialog Token field set to zero (indicates that the TOD, TOA, Max TOD Error and Max TOA Error fields are not present in the frame). When STA-A receives an ACK the value of the timing measurement counter corresponding to the point in time at which the start of preamble for the incoming frame arrives at the receive antenna of STA-A. This timestamp is t4 in Figure v124. STA-A then transmits a Follow Up Timing Measurement action frame where the Dialog Token is set to a non-zero value (different from the value n), the Follow Up Dialog Token set to the value n, TOD field set to t1 (see Figure v113), TOA field set to t4 and corresponding values of Max TOD Error and Max TOA Error. Figure v124 describes the Timing Measurement frames exchanged between two STAs.

If the ACK corresponding to the Initial Timing Measurement action frame is not received, the Initial Timing Measurement action frame may be retransmitted in one of the following ways:
a)
Initial Timing Measurement action frame (M1 in Figure v124) retransmitted by the MLME at STA-A: Prior to retransmission of M1, the MLME shall discard data corresponding to the action frame that was not acknowledged. 
b)
M1 retransmitted by the SME at STA-A: No special action is required at STA-A.

On receipt of the retransmitted M1, STA-B shall discard data, if any, corresponding to a previously received M1 with the same Dialog Token. This is true since STA-B is expecting a Follow Up Timing Measurement action frame (M2 in Figure v124) while it is receiving a retransmitted M1. See Figure v124.

If the ACK corresponding to M2 is not received, it may be retried first by the MLME and then by the SME at STA-A. If STA-B successfully receives M2, it shall ignore re-transmissions of M2 with the same Dialog Token and Follow Up Dialog Token, from STA-A. If STA-B does not receive M2 with the Follow Up Dialog Token set to the Dialog Token of M1 but receives a M1, it means that STA-A has aborted the previous Timing Synchronization transaction and restarted a new one. Data cached at STA-B corresponding to the receipt of M1 for which a corresponding M2 is not received shall be discarded.
12. PHY service specification

12.3.4.3 PHY-SAP service primitives parameters

Insert the following entries at the end of Table 12-3:

	Table 12-8—PHY-SAP service primitive parameters



	Parameter
	Associated primitive
	Value

	TXSTATUS
	PHY-TXSTART.confirm
	A set of parameters


12.3.5.5 PHY-TXSTART.confirm

Change 12.3.5.5 as follows:

12.3.5.5.1 Function

This primitive is issued by the PHY to the local MAC entity to confirm the start of a transmission and to indicate parameters related to the start of the transmission. The PHY will issue this primitive in response to every PHY-TXSTART.request primitive issued by the MAC sublayer.

12.3.5.5.2 Semantics of the service primitive

The semantics of the primitive are as follows:

PHY-TXSTART.confirm(TXSTATUS)

The TXSTATUS represents a list of parameters that the local PHY entity provides to the MAC sublayer related to the transmission of an MPDU. This vector contains both PLCP and PHY operational parameters. The required PHY parameters are listed in 12.3.4.4.

This primitive has no parameters.

12.3.5.5.3 When generated

This primitive will be issued by the PHY to the MAC entity once all of the following conditions are met:

—
the PHY has received a PHYTXSTART. request from the MAC entity

—
the PLCP has issued PMD.TX STATUS.request if the MIB variable dot11MgmtOptionLocationTODEnabled is set to true and the TXVECTOR parameter TIME_OF_DEPARTURE_REQUESTED in PHY-TXSTART.request(TXVECTOR) exists and is set to true, and

—
the PHY is ready to begin accepting outgoing data octets from the MAC.

12.3.5.5.4 Effect of receipt

The receipt of this primitive by the MAC entity will cause the MAC to start the transfer of data octets. Parameters in the TXSTATUS vector may be included in a transmitted frame in order for recipients on multiple channels to determine the time differences of air propagation times between transmitter and recipients and hence to compute the location of the transmitter. In addition, the TXSTATUS vector may include the TX_START_OF_FRAME_OFFSET.
14. Frequency-Hopping spread spectrum (FHSS) PHY specification for the 2.4 GHz industrial, scientific, and medical (ISM) band

14.2 FHSS PHY-specific service parameter lists

14.2.3 RXVECTOR parameters

Change Table 14-2 as follows: 

Table 14-2—RXVECTOR parameters

	Parameter
	Associated Primitive
	Value

	Length
	PHY-RXSTART.indication(RXVECTOR)
	1–4095

	Receive Signal Strength Indicator (RSSI)
	PHY-RXSTART.indication(RXVECTOR)
	0–RSSI Max

	
	
	



	DATARATE
	PHY-RXSTART.request(RXVECTOR)
	1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5





14.3.3.2.1 CS/CCA state machine

Timing for priority (PIFS, DIFS), contention backoff (slot times), and CS/CCA windows is defined relative to the end of the last bit of the last packet on the air. The CS/CCA state machine is shown in Figure 14-9. The PLCP shall perform a CS/CCA on a minimum of one antenna within a MAC contention backoff slot time of 50  s. The PLCP shall be capable of detecting within the slot time an FH-PHY-conformant signal that is received at the selected antenna up to 22  s after the start of the slot time with the synchronous detection performance specified in 14.6.15.3. Detection performance with zero-one sync patterns and with random data patterns is specified in 14.6.15.3. If a start of a transmission is asynchronous with the BSS and arrives after the start of the slot but at least 16  s prior to the end of the slot, the PLCP shall indicate a busy channel prior to the end of the slot time with the asynchronous detection performance specified in 14.6.15.3. The CCA indication immediately prior to transmission shall be performed on an antenna with essentially the same free space gain and gain pattern as the antenna to be used for transmission. The method of determining CS/CCA is unspecified except for the detection performance of a conformant method as specified in 14.6.15.3.

If a PHY-TXSTART.request(TXVECTOR) is received, the CS/CCA procedure shall exit to the transmit procedure within 1  s. If a PHY-CCARESET.request is received, the PLCP shall reset the CS/CCA state machine to the state appropriate for the end of a complete received frame. This service primitive is generated by the MAC at the end of a NAV period. The PHY shall indicate completion of the request by sending a PHY-CCARESET.confirm to the MAC.

If a CS/CCA returns a channel idle result, the PHY shall send a PHY-CCA.indicate(STATUS=idle) to the MAC. 

If a CS/CCA returns a channel busy result, the PHY shall send a PHY-CCA.indicate(STATUS=busy) to the MAC. Upon a channel busy assessment, the PLCP shall stop any antenna switching prior to the earliest possible arrival time of the SFD and detect a valid SFD and PLCP header if received. A valid PLCP header is defined as containing valid PLW and PSF values and a valid HEC field. If a valid SFD/PLCP header is detected, the CS/CCA procedure shall send a PHY-RXSTART.indication(RXVECTOR) message to the MAC sublayer and exit to the receive procedure. 



The PLCP shall dwell and search for the SFD/PLCP header for a minimum period longer than the latest possible arrival time of the SFD/PLCP header. Indication of a busy channel does not necessarily lead to the successful reception of a frame.

15. DSSS PHY specification for the 2.4 GHz band designated for ISM applications

15.2 DSSS PLCP sublayer

Change 15.2.6 as follows:

15.2.6 Transmit PLCP

Change the third and fourth paragraphs of 15.2.6 as follows:

Based on the status of CCA indicated by PHY-CCA.indicate, the MAC will assess that the channel is clear. A clear channel shall be indicated by PHY-CCA.indicate(IDLE). If the channel is clear, transmission of the PPDU shall be initiated by issuing the PHY-TXSTART.request(TXVECTOR) primitive. The TXVECTOR elements for the PHY-TXSTART.request are the PLCP header parameters SIGNAL (DATARATE), SERVICE, and LENGTH, and the PMD parameters of TX_ANTENNA, and TXPWR_LEVEL and TIME_OF_DEPARTURE_REQUESTED . The PLCP header parameter LENGTH is calculated from the TXVECTOR element by multiplying by 8 for 1 Mb/s and by 4 for 2 Mb/s. 

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 PHYTXSTART.request primitive. The time required for transmit power-on ramp described in 15.4.7.7 shall be included in the PLCP SYNC field. If the MIB variables dot11MgmtOptionTODImplemented and dot11MgmtOptionTODEnabled are set to true and the TXVECTOR parameter TIME_OF_DEPARTURE_REQUESTED is set to true then the PLCP shall issue a PHY_TXSTART.confirm(TXSTATUS) primitive to the MAC, forwarding the TIME_OF_DEPARTURE corresponding to the time when PMD_TXSTART.request is issued, its estimated standard deviation TIME_OF_DEPARTURE _STDDEV and the TIME_OF_DEPARTURE_UNITS parameters within the TXSTATUS vector. If the MIB variable dot11MgmtOptionTimingMsmtEnabled is true then the PLCP shall forward the value of TX_START_OF_FRAME_OFFSET in TXSTATUS vector.
15.2.7 Receive PLCP

change the paragraph starting with sentence “If the PLCP header reception is successful...” as follows:

If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to true, the PLCP shall do the following:


—



—
Complete receiving the PLCP header and verify the validity of the PLCP Header,

—
If the PLCP header reception is successful (and the SIGNAL field is completely recognizable and supported), a PHY-RXSTART.indication(RXVECTOR) shall be issued. Forward RX_START_OF_FRAME_OFFSET parameter within the RXVECTOR. See 15.4.4.2.

The RXVECTOR associated with this primitive includes the SIGNAL field, the SERVICE field, the MPDU length in octets (calculated from the LENGTH field in microseconds), the antenna used for receive (RX_ANTENNA), RSSI, and SQ.

15.4.4.2 PMD_SAP Peer-to-Peer service primitive parameters

Insert new rows at the end of Table 15-4 as follows:
	Table 15-4—DSSS PMD_SAP Peer-to-Peer service primitives



	Parameter
	Associated primitive
	Value

	TIME_OF_DEPARTURE_REQUESTED
	PHY-TXSTART.request(TXVECTOR)
	false, true. When true, the MAC entity requests that the PHY PLCP entity measure and report time of departure parameters corresponding to the time when PMD_TXSTART.request is issued; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters

	TIME_OF_DEPARTURE
	PHY-TXSTART.confirm(TXSTATUS)
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 0 to 232-1. The locally-measured time of the PMD_TXSTART.request, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_STDDEV
	PHY-TXSTART.confirm(TXSTATUS)
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 1 to 216-1. The estimated standard deviation of time of departure error, where the time of departure error equals the difference between TIME_OF_DEPARTURE and the time of departure as measured by an external measurement system and synchronized in start time and symbol clock frequency to the local measurement system, in units of TIME_OF_DEPARTURE_UNITS. 

	TX_START_OF_FRAME_OFFSET
	PHY-TXSTART.confirm(TXSTATUS)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the frame was transmitted at the transmit antenna to the point in time at which this primitive is issued to the MAC.

	TIME_OF_DEPARTURE_UNITS
	PHY-TXSTART.confirm(TXSTATUS)
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz

	RX_START_OF_FRAME_OFFSET
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the incoming frame arrived at the receive antenna to the point in time at which this primitive is issued to the MAC.


17. Orthogonal frequency division multiplexing (OFDM) PHY specification for the 5 GHz band

17.2 OFDM PHY specific service parameter list
17.2.2 TXVECTOR parameters

Insert one new row at the end of Table 17-1 as follows:
	Table 17-1—TXVECTOR parameters



	Parameter
	Associate primitive
	Value

	TIME_OF_DEPARTURE_REQUESTED
	PHY-TXSTART.request(TXVECTOR)
	false, true. When true, the MAC entity requests that the PHY PLCP entity measure and report time of departure parameters corresponding to the time when PMD_TXSTART.request is issued; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters


17.2.3 RXVECTOR parameters

Insert new rows at the end of Table 17-2 as follows:

Table 17-2—RXVECTOR parameters

	Parameter
	Associated Primitive
	Value

	RX_START_OF_FRAME_OFFSET
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the incoming frame arrived at the receive antenna to the point in time at which this primitive is issued to the MAC..




17.2.4 TXSTATUS parameters

The parameters listed in Table 17-2a are defined as part of the TXSTATUS parameter list in the PHY-TXSTART.confirm service primitive.

	Table 17-2a—TXSTATUS parameters



	Parameter
	Associate Primitive
	Value

	TIME_OF_DEPARTURE
	TXSTART.confirm(TXSTATUS)
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

0 to 232-1. The locally-measured time of the PMD_TXSTART.request, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_STDDEV
	TXSTART.confirm(TXSTATUS)
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

1 to 216-1. The estimated standard deviation of time of departure error. 

	TIME_OF_DEPARTURE_UNITS
	TXSTART.confirm(TXSTATUS)
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz

	TX_START_OF_FRAME_OFFSET
	PHY-TXSTART.confirm(TXSTATUS)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the frame was transmitted at the transmit antenna to the point in time at which this primitive is issued to the MAC.
.


17.2.4.1 TXSTATUS TIME_OF_DEPARTURE

The allowed values for the TIME_OF_DEPARTURE parameter are integers in the range of 0 to 232-1. This parameter is used to indicate the time of departure of the frame initiated by the most recent PHY-TXSTART.request in units given by TIME_OF_DEPARTURE_UNITS. TIME_OF_DEPARTURE may be included in transmitted frame in order for recipients on multiple channels to determine the time differences of air propagation times between transmitter and recipients and hence to compute the location of the transmitter.

17.2.4.2 TXSTATUS TIME_OF_DEPARTURE_STDDEV

The allowed values for the TIME_OF_DEPARTURE_STDDEV parameter are integers in the range of 1 to 216-1 This parameter indicates the estimated standard deviation of time of departure error, where the time of departure error equals the difference between TIME_OF_DEPARTURE and the time of departure as measured by an external measurement system and synchronized in start time and symbol clock frequency to the local measurement system, in units of TIME_OF_DEPARTURE_UNITS. TIME_OF_DEPARTURE_STDDEV may be included in transmitted frames in order for recipients on multiple channels to determine the time differences of air propagation times between transmitter and recipients and hence to compute the location of the transmitter, wherein the computation can assign higher weight to time of departure values with lower standard deviation.

17.2.4.3 TXSTATUS TIME_OF_DEPARTURE_UNITS

TIME_OF_DEPARTURE_UNITS indicates the units used for TIME_OF_DEPARTURE and TIME_OF_DEPARTURE_STDDEV. The allowed values for TIME_OF_DEPARTURE_UNITS are TODU22 (1 / 1408 MHz), TODU20 (1 / 1280 MHz), TODU40 (1 / 2560 MHz) and TODU16 (1 / 1000 MHz).

17.3 OFDM PLCP sublayer

17.3.9 PMD transmit specifications

17.3.11 Transmit PLCP

Change the second and third paragraphs of 17.3.11 as follows:

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

The PLCP shall issue PMD_TXPWRLVL and PMD_RATE primitives to configure the PHY. The PLCP shall then issue a PMD_TXSTART.request, and transmission of the PLCP preamble and PLCP header, based on the parameters passed in the PHY-TXSTART.request primitive, shall be immediately initiated. If the MIB variables dot11MgmtOptionTODImplemented and dot11MgmtOptionTODEnabled are set to true and the TXVECTOR parameter TIME_OF_DEPARTURE_REQUESTED is set to true then the PLCP shall issue a PHY_TXSTART.confirm(TXSTATUS) primitive to the MAC, forwarding the TIME_OF_DEPARTURE corresponding to the time when PMD_TXSTART.request is issued, its estimated standard deviation, TIME_OF_DEPARTURE _STDDEV and the TIME_OF_DEPARTURE_UNITS parameter within the TXSTATUS vector. If the MIB variable dot11MgmtOptionTimingMsmtEnabled is true then the PLCP shall forward the value of TX_START_OF_FRAME_OFFSET in TXSTATUS vector 
17.3.12 Receive PLCP

Change the paragraph starting with sentence “If the PLCP header reception is successful...” as follows:





If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to true, the PLCP shall do the following:

—
Complete receiving the PLCP header and verify the validity of the PLCP Header,

—
If the PLCP header reception is successful (and the SIGNAL field is completely recognizable and supported), a PHY-RXSTART.indication(RXVECTOR) shall be issued. Forward RX_START_OF_FRAME_OFFSET parameter within the RXVECTOR. See 17.2.3.

18. High Rate direct sequence spread spectrum (HR/DSSS) PHY specification

18.2 High Rate PLCP sublayer

18.2.5 Transmit PLCP

Change the fifth paragraph of 18.2.5 as follows 

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 transmit power-on ramp, described in 18.4.7.6, shall be included in the PLCP SYNC field. If the MIB variables dot11MgmtOptionTODImplemented and dot11MgmtOptionTODEnabled are set to true or if dot11MgmtOptionTimingMsmtEnabled is true and the TXVECTOR parameter TIME_OF_DEPARTURE_REQUESTED is set to true then the PLCP shall issue a PHY_TXSTART.confirm(TXSTATUS) primitive to the MAC, forwarding the TIME_OF_DEPARTURE corresponding to the time when PMD_TXSTART.request is issued, its estimated standard deviation, TIME_OF_DEPARTURE _STDDEV and TIME_OF_DEPARTURE_UNITS parameter within the TXSTATUS vector. If the MIB variable dot11MgmtOptionTimingMsmtEnabled is true then the PLCP shall forward the value of TX_START_OF_FRAME_OFFSET in TXSTATUS vector
18.2.6 Receive PLCP

Insert a new paragraph before the paragraph starting with sentence “The received PSDU bits are assembled into octets...” as follows:





If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to true, the PLCP shall do the following:

—

—
Complete receiving the PLCP header and verify the validity of the PLCP Header,

—
If the PLCP header reception is successful (and the SIGNAL field is completely recognizable and supported), a PHY-RXSTART.indication(RXVECTOR) shall be issued. Forward RX_START_OF_FRAME_OFFSET parameter within the RXVECTOR. See 18.3.5.
18.3 High Rate PLME

18.3.5 Vector descriptions

Insert new rows at the end of Table 18-6 as follows:

	Table 18-6—Parameter vectors



	Parameter
	Associated vector
	Value

	TIME_OF_DEPARTURE_REQUESTED
	TXVECTOR
	false, true. When true, the MAC entity requests that the PHY PLCP entity measure and report time of departure parameters corresponding to the time when PMD_TXSTART.request is issued; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters

	TIME_OF_DEPARTURE
	TXSTATUS
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

0 to 232-1. The estimated standard deviation of time of departure error, where the time of departure error equals the difference between TIME_OF_DEPARTURE and the time of departure as measured by an external measurement system and synchronized in start time and symbol clock frequency to the local measurement system, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_STDDEV
	TXSTATUS
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

1 to 216-1. The 95% tolerance of TIME_OF_DEPARTURE, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_UNITS
	TXSTATUS
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz

	
	
	



	TX_START_OF_FRAME_OFFSET
	PHY-TXSTART.confirm(TXSTATUS)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the frame was transmitted at the transmit antenna to the point in time at which this primitive is issued to the MAC.

	RX_START_OF_FRAME_OFFSET
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the incoming frame arrived at the receive antenna to the point in time at which this primitive is issued to the MAC.


19. ERP specification

19.2 PHY-specific service parameter list

Change the 1st paragraph of 19.2 as follows:

The architecture of the IEEE 802.11 MAC is intended to be PHY independent. Some PHY implementations require PHY-dependent MAC state machines running in the MAC sublayer in order to meet certain PMD requirements. The PHY-dependent MAC state machine resides in a sublayer defined as the MLME. In certain PMD implementations, the MLME may need to interact with the PLME as part of the normal PHY SAP primitives. These interactions are defined by the PLME parameter list currently defined in the PHY service primitives as TXVECTOR, TXSTATUS and RXVECTOR. The list of these parameters and the values they may represent are defined in the specific PHY specifications for each PMD. This subclause addresses the TXVECTOR, TXSTATUS and RXVECTOR for the ERP. The service parameters for RTXVECTOR, TXSTATUS and TRXVECTOR shall follow 17.2.2, 17.2.4 and 17.2.3, respectively.

Insert a new row at the end of Table 19-1 as follows:

	Table 19-1—TXVECTOR parameters



	Parameter
	Value

	TIME_OF_DEPARTURE_REQUESTED
	false, true. When true, the MAC entity requests that the PHY PLCP entity measure and report time of departure parameters corresponding to the time when PMD_TXSTART.request is issued; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters


Insert the following after the third paragraph of 19.2:

The parameters in Table 19-1a are defined as part of the TXSTATUS parameter list in the PHYTXSTART. confirm service primitive.

	Table 19-1a—TXSTATUS parameters



	Parameter
	Value

	TIME_OF_DEPARTURE
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

0 to 232-1. The locally-measured time of the PMD_TXSTART.request, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_STDDEV
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

1 to 216-1. The estimated standard deviation of time of departure error, where the time of departure error equals the difference between TIME_OF_DEPARTURE and the time of departure as measured by an external measurement system and synchronized in start time and symbol clock frequency to the local measurement system, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_UNITS
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz

	TX_START_OF_FRAME_OFFSET
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the frame was transmitted at the transmit antenna to the point in time at which this primitive is issued to the MAC.


Insert new rows at the end of Table 19-2 as follows:

Table 19-2—RXVECTOR parameters
	Parameter
	Associated Primitive
	Value

	RX_START_OF_FRAME_OFFSET
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the incoming frame arrived at the receive antenna to the point in time at which this primitive is issued to the MAC.




20. High Throughput (HT) PHY specification

20.2 HT PHY service interface

20.2.1 Introduction

Change 20.2.1 as follows:

The PHY interfaces to the MAC through the TX_VECTOR, TXSTATUS, RX_VECTOR, and the PHYCONFIG_VECTOR. The TX_VECTOR supplies the PHY with per packet transmit parameters. Status of the transmission is reported from PHY to MAC by parameters within TXSTATUS. Using the RX_VECTOR, the PHY informs the MAC of the received packet parameters. Using the PHYCONFIG_VECTOR, the MAC configures the PHY for operation, independent of frame transmission or reception.

20.2.2 TXVECTOR parameters

Insert new rows at the end of Table 20-1 as follows:
	Table 20-1—TXVECTOR and RXVECTOR parameters



	TIME_OF_DEPARTURE_REQUESTED
	Enumerated type:

true indicates that the MAC entity requests that the PHY PLCP entity measure and report time of departure parameters corresponding to the time when PMD_TXSTART.request is issued. false indicates that the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters
	O
	N

	RX_START_OF_FRAME_OFFSET
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the incoming frame arrived at the receive antenna to the point in time at which this primitive is issued to the MAC.

	N
	Y


20.2.4 Support for NON_HT formats

Insert a row immediately before the last row (i.e. Note row) of Table 20-3 as follows: 
	Table 20-3—Mapping of the HT PHY parameters for NON_HT operation



	TIME_OF_DEPARTURE_REQUESTED
	TIME_OF_DEPARTURE_REQUESTED
	TIME_OF_DEPARTURE_REQUESTED
	TIME_OF_DEPARTURE_REQUESTED
	TIME_OF_DEPARTURE_REQUESTED


Insert new clause after 20.2.4 as follows: 

20.2.5 TXSTATUS parameters

The parameters listed in Table 20-3a are defined as part of the TXSTATUS parameter list in the PHY-TXSTART.confirm(TXSTATUS) service primitive.

	Table 20-3a—TXSTATUS parameter



	Parameter
	Value

	TIME_OF_DEPARTURE
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

0 to 232-1. The locally-measured time of the PMD_TXSTART.request, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_STDDEV
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

1 to 216-1. The estimated standard deviation of time of departure error, where the time of departure error equals the difference between TIME_OF_DEPARTURE and the time of departure as measured by an external measurement system and synchronized in start time and symbol clock frequency to the local measurement system, in units of TIME_OF_DEPARTURE_UNITS. 

	TIME_OF_DEPARTURE_UNITS
	This parameter is present only if TIME_OF_DEPARTURE_REQUESTED is true in the corresponding request. 

Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz

	TX_START_OF_FRAME_OFFSET
	0 to 232-1. An estimate of the offset (in 10 nanosecond units) from the point in time at which the start of preamble corresponding to the frame was transmitted at the transmit antenna to the point in time at which this primitive is issued to the MAC.


20.3 HT PLCP sublayer

20.3.23 Transmit PLCP

Change fifth paragraph of 20.3.23 as follows:

The PLCP shall then issue a PMD_TXSTART.request, and transmission of the PLCP preamble may start if TIME_OF_DEPARTURE_REQUESTED is set to false, and shall start immediately if TIME_OF_DEPARTURE_REQUESTED is true, based on the parameters passed in the PHY-TXSTART.request primitive. If the MIB variables dot11MgmtOptionTODImplemented and dot11MgmtOptionTODEnabled are set to true or if dot11MgmtOptionTimingMsmtEnabled is true and the TXVECTOR parameter TIME_OF_DEPARTURE_REQUESTED is true then the PLCP shall issue a PHY_TXSTART.confirm(TXSTATUS) primitive to the MAC, forwarding the TIME_OF_DEPARTURE corresponding to the time when PMD_TXSTART.request is issued, its estimated standard deviation, TIME_OF_DEPARTURE STDDEV and the TIME_OF_DEPARTURE_UNITS parameter within the TXSTATUS vector. If the MIB variable dot11MgmtOptionTimingMsmtEnabled is true then the PLCP shall forward the value of TX_START_OF_FRAME_OFFSET in TXSTATUS vector
20.3.24 PLCP receive procedure

Change the paragraph starting with sentence “Subsequent to an indication of a valid HT-SIG CRC...” as follows:

Subsequent to an indication of a valid HT-SIG CRC, a PHY-RXSTART.indication(RXVECTOR) shall be issued. 
If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to true, the PLCP shall do the following:

—
Complete receiving the PLCP header and verify the validity of the PLCP Header,

—
If the PLCP header reception is successful (and the SIGNAL field is completely recognizable and supported), a PHY-RXSTART.indication(RXVECTOR) shall be issued. Forward RX_START_OF_FRAME_OFFSET parameter within the RXVECTOR. See 18.3.5.




The RXVECTOR associated with this primitive includes the parameters specified in Table 20-1. Upon reception of a GF preamble by an HT STA that does not support GF, the FORMAT field of RXVECTOR is set to HT_GF and the remaining fields may be empty, and the PHY shall issue the error condition PHY-RXEND.indication(FormatViolation). If the HT-SIG indicates an unsupported mode or Reserved HTSIG Indication the PHY shall issue the error condition PHY-RXEND.indication(UnsupportedRate).

Annex U

(informative)

Time of departure accuracy test

The Time of Departure accuracy test is an informative description of how time of departure accuracy can be measured for any parameterizable PHY waveform. 
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