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Abstract

This submission contains the normative text related to the Timing Measurement feature. The changes proposed in this document assume that document 08-842r4 has been applied to P802.11v-D3.0.

· Action frame format details

7.4.7 Public Action frame details

7.4.7.1 Public Action frames

Insert the following row to Table 7-57e:

	Table 7-57e – Public Action field values

	Action field value 
	Description

	<ANA>
	Location Track Notification

	
	

	<ANA>
	Channel Usage Request

	<ANA>
	Channel Usage Response

	<ANA>+1-255
	Reserved


7.4.7.11
Insert the following after 7.4.10:

· 802.11-2007 ends with 7.4.5. 11k adds 6. 11r adds 7. 11y adds none 11n adds 9 (8). 11w adds none. 11p adds 8 (9). 11s adds 6 (10).

· Wireless Network Management action details

Several Action frame formats are defined for Wireless Network Management purposes. An Action field, in the octet field immediately after the Category field, differentiates the formats. The Action field values associated with each frame format are defined in Table v34 -- Wireless Network Management Action field valuesv34. 

	Table v34 -- Wireless Network Management Action field values

	Action field value 
	Description

	0
	Event Request

	1
	Event Report

	2
	Diagnostic Request

	3
	Diagnostic Report

	4
	Location Configuration Request

	5
	Location Configuration Response

	6
	BSS Transition Management Query

	7
	BSS Transition Management Request

	8
	BSS Transition Management Response

	9
	FBMS Request

	10
	FBMS Response

	11
	Co-located Interference Request

	12
	Co-located Interference Response

	13
	TFS Request

	14
	TFS Response

	15
	TFS Notify

	16
	WNM-Sleep Mode Request

	17
	WNM-Sleep Mode Response

	18
	TIM Broadcast Request 

	19
	TIM Broadcast Response 

	20
	TIM 

	21
	Traffic Generation Update

	22
	Timing Measurement

	23-255
	Reserved


Insert the following sub-clause after 7.4.11.22:
7.4.11.23 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 v100.
	
	Category
	Action
	Dialog Token
	Follow Up Dialog Token
	Timestamp Difference

(optional)
	Timestamp 

(optional)
	Timestamp Difference StdDev

(optional)
	TimeStamp StdDev (optional)
	Timestamp Counter Units

(optional)
	Optional sub-elements



	Octets
	1
	1
	1
	1
	0 or 4
	0 or 4
	0 or 1
	0 or 1
	0 or 1
	Variable


Figure v100: Timing Measurement action frame format

The Category field is set to the value indicating Wireless Network Management category, as specified in Table v24 in 7.3.1.11. 

The Action field is set to the value indicating Timing Measurement as specified in Table v34 in 7.4.11.

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 may be set to zero to indicate that the Timing Measurement action frame is not part of a time synchronization transaction. See 11.20.6.

Two Timing Measurement action frames are transmitted from a STA to accomplish a Timing Synchronization transaction. These frames are designated as Initial Timing Measurement action frame and Follow Up Timing Measurement action frame in order to facilitate clear descrition.  See 11.20.6.

Follow Up Dialog Token field is set to  the value of the Dialog Token used in an Initial Timing Measurement action frame. It is set to zero in the Initial Timing Measurement action frame. 
Timestamp Difference, Timestamp, Timestamp Difference StdDev, Timestamp StdDev and Timestamp Counter Units fields are present only when the Follow Up Dialog Token field is non-zero
Tx time is defined as the value of the timestamp counter at the time when PLCP Preamble corresponding to the transmission of a frame is observed at the air interface._
Rx time is defined as the value of the timestamp counter at the time when the PLCP preamble corresponding to the incoming frame is observed at the air interface. 
1. 
In the  Initial Timing Measurement action frame, the Follow Up Dialog Token is set to zero. In addition, the Timestamp Difference, Timestamp, Timestamp Difference StdDev, Timestamp StdDev and Timestamp Counter Units fields are set to zero.  

2. In the Follow Up Timing Measurement action 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.  See 11.20.6.

The Timestamp Difference field contains the difference between the Tx time of the Initial Timing Measurement action frame and the Rx time of the ACK frame corresponding to the Initial Timing Measurement action frame. 
The Timestamp field contains the Tx time of the first Timing Measurement action frame.  

The Timestamp Difference StdDev field contains the estimated standard deviation of the Timestamp Difference field value in the units indicated in the Timestamp Difference Units field. A value of zero for the Timestamp Difference StdDev indicates that the standard deviation is not reported for the timestamp difference values.

The Timestamp StdDev field contains the estimated standard deviation of the Timestamp field value in the units indicated in the Timestamp Difference Units field. A value of zero for the Timestamp StdDev indicates that the standard deviation is not reported.


The Timestamp Counter Units field specifies the units for the Timestamp and Timestamp Difference fields. Valid values for the Timestamp Counter Units field is shown in Table vxx below:
	Table vxx—Timestamp Counter Units



	Timestamp Units Value
	Description

	0
	1 nanosecond 

	1
	10 nanoseconds

	2-255
	Reserved


The Optional Sub-element field format contains zero or more Sub-elements each consisting of one octet Sub-element 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.

TGv Editor: Note Figure 7-95p  and 9.14.2 are defined in TGk

The Sub-element ID field values for the defined optional sub-elements are shown in Table v41. A Yes in the Extensible column of  a sub-element listed in Table v41 indicates that the Length of the sub-element might be extended in future revisions or amendments of this standard. When the Extensible column of an element is set to Sub-elements, then the sub-element might be extended in future revisions or amendments of this standard by defining additional sub-elements within the sub-element. See 9.14.2. 
Table v41 – Optional Sub-element IDs for Timing Measurement action frame

	Sub-element ID
	Name
	Length Field (Octets)
	Extensible

	0-220
	Reserved
	
	

	221
	Vendor Specific
	3 to 255
	

	222-255
	Reserved
	
	


The Vendor Specific sub-element has the same format as the Vendor Specific element (see 7.3.2.26). There may be multiple Vendor Specific sub-elements in the list of Optional Sub-elements.
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 v104 depicts the time sync information exchange. Multiple exchanges of time synchronization information may be required in order for a STA to synchronize itself and remain synchronized  with respect to another STA. 
Note: 
Timestamps t1, t2, t3 and t4 as depicted in Figure v104 are approximate. 
The exact value of t1 and t3 correspond to the value of the timestamp counter at PMD_TXSTART event corrected as shown below, for the Timing Measurement action frame leaving STA-A and the corresponding ACK leaving STA-B respectively. 
Exact value of t1 or t3  = Timestamp corresponding to PMD_TXSTART + dot11MgmtOptionOffsetToPreamble + aTxRequestToAntennaConnectorDelay + aTxAntennaConnectorToMediumDelay
The exact value of t2 and t4 correspond to the value of the timestamp counter at the first PMD_DATA.Ind corrected as shown below, on the receipt Timing Measurement action frame at STA-B and the corresponding ACK at STA-A respectively.
Exact value of t2 or t4 = Timestamp corresponding to the first PMD_DATA.Indication – (aRxMediumToAntennaConnector Delay+ aRxAntennaConnectorToFirstIndicationDelay)
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Figure v104 – Timing Measurement Information Exchange

10.3.54.1 MLME-TIMINGMSMT.request

10.3.54.1.1 Function

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

10.3.54.1.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-TIMINGMSMT.request
(
Peer MAC Address,

Dialog Token,

Follow Up Dialog Token,

Timestamp Difference,

Timestamp,

Timestamp StdDev,

Timestamp Difference StdDev,

Timestamp Counter Units

Vendor Specific Information)

	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 Timimg Measurement action 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  action frame which the current frame follows.  See 11.20.6.

	Timestamp Difference
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23. It is set to the difference between the timestamp values corresponding to t4 and t1.

	
	
	
	

	Timestamp
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23..

It is set to the timestamp corresponding to t1.

	Timestamp Difference StdDev
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23.

	Timestamp StdDev
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23.

	Timestamp Counter Units
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

As defined in Table v24. See 7.4.11.23

	Vendor Specific Information
	 A set of information elements
	 As defined in 7.3.2.26.
	 Zero or more information elements.


10.3.54.1.2 When generated

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

10.3.54.1.3 Effect of receipt

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

10.3.54.2 MLME-TIMINGMSMT.confirm

10.3.54.2.1 Function

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

10.3.54.3.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-TIMINGMSMT.confirm
(

Peer MAC Address,

Dialog Token,

Timestamp,
Timestamp StdDev,

Timestamp Counter Units,
Time of Arrival Timestamp,

Timestamp Difference StdDev)

	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 actionframe

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

	Timestamp
	
	
	See 7.4.11.23 for format of Timestamp. 
t1 in Figure v104. Denotes the Corrected  Tx time corresponding to the  transmission of the Timing Measurement  action frame. 

	Timestamp StdDev
	
	
	See 7.4.11.23.

	Timestamp Counter Units
	
	
	As defined in Table v24. See 7.4.11.23

	Time of Arrival  TimeStamp
	32 bit unsigned Integer
	0 – 232-1
	
t4 in Figure v104. Denotes the Corrected Rx time for the received ACK corresponding to the Timing Measurement Action frame.

	Timestamp Difference SrdDev
	
	
	Standard Deviation of the Timestamp Difference value (Time of Arrival Timestamp – Timestamp).


10.3.54.2.3 When generated

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

10.3.54.2.4 Effect of receipt

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

10.3.54.3 MLME-TIMINGMSMT.indication

10.3.54.3.1 Function

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

10.3.54.3.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-TIMINGMSMT.indication
(

Peer MAC Address,

Dialog Token,

Follow Up Dialog Token,

Timestamp Difference,

Timestamp,

Timestamp Difference StdDev,

Timestamp StdDev,

Timestamp Counter Units,

Time of Arrival Timestamp,

Ack Tx TimeStamp,

AckTx TimeStamp StdDev,

AckTx Timestamp Counter Units,

Vendor Specific Information)

	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 actionframe shall be sent.

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

	Follow Up Dialog Token
	Integer
	1-3
	The dialog token of the Timing Measurement action frame which the current frame follows.  See 11.20.6. 

	Timestamp Difference
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23.

	Timestamp
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23.

	Timestamp Difference StdDev
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23.

	Timestamp StdDev
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

See 7.4.11.23.

	Timestamp Counter Units
	
	
	This parameter is present only if Follow Up Dialog Token is non-zero.

As defined in Table v24. See 7.4.11.23.

	Time of Arrival TimeStamp
	32 bit unsigned integer
	 0 – 232-1
	This parameter is present only if the Follow Up Dialog Token is zero


t2 in Figure v104. Denotes the Corrected Rx time for the incoming Timing Measurement action frame.


	Ack Tx Timestamp
	As defined in 7.3.2.66.8
	
	This parameter is present only if the Follow Up Dialog Token is zero

t3 in Figure v104. Denotes the Corrected Tx time for the ACK frame corresponding to the received Timing Measurement Action frame.

	Ack Tx Timestamp StdDev
	As defined in 7.3.2.66.8
	
	This parameter is present only if the Follow Up Dialog Token is zero



	AckTx Timestamp Counter Units
	
	
	This parameter is present only if the Follow Up Dialog Token is zero

Defines the period of the local clock used to increment the timestamp counter. This counter is used to determine Time of Arrival for the incoming Timing Measurement action frame and the Time of Departure for the corresponding ACK frame. As defined in Table v24. 

	Vendor Specific Information
	 A set of information elements
	 As defined in 7.3.2.26.
	 Zero or more information elements.


10.3.54.3.3 When generated

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

10.3.54.3.4 Effect of receipt

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

10.4.3.2 Semantics of the service primitive

add to the primitive parameters as shown:

PLME-CHARACTERISTICS.confirm(

aSlotTime,

aSIFSTime,

aSignalExtension,

aCCATime,

aPHY-RX-START-Delay,

aRxTxTurnaroundTime,

aTxPLCPDelay,

aRxPLCPDelay,

aRxTxSwitchTime,

aTxRampOnTime,

aTxRampOffTime,

aTxRFDelay,

aRxRFDelay,

aAirPropagationTime,

aMACProcessingDelay,

aPreambleLength,

aRIFSTime,

aSymbolLength,

aSTFOneLength,

aSTFTwoLength,

aLTFOneLength,

aLTFTwoLength,

aPLCPHeaderLength,

aPLCPSigTwoLength,

aPLCPServiceLength,

aPLCPConvolutionalTailLength,

aMPDUDurationFactor,

aMPDUMaxLength,

aPSDUMaxLength,

aPPDUMaxTime,

aIUSTime,

aDTT2UTTTime,

aCWmin,

aCWmax,

aMaxCSIMatricesReportDelay,



aTxRequestToAntennaConnectorDelay,




aTxAntennaConnectorToMediumDelay,



aRxMediumToAntennaConnector Delay,




aRxAntennaConnectorToFirstIndicationDelay

)
Insert the following entry after aMaxCSIMatricesReportDelay in the table as shown by the following non-header row:

	Name
	Type
	Description

	aTxRequestToAntennaConnectorDelay
	Integer
	defines the number in Timestamp Counter Units representing the delay between when the start of preamble is transmitted by the PMD and when the corresponding energy appears at the Tx antenna connector.

	aTxAntennaConnectorToMediumDelay
	Integer
	defines the number in Timestamp Counter Units representing the delay between when the energy corresponding to start of preamble for a transmit frame is seen  at the Tx antenna connector and when it appears at the medium (air interface)

	aRxMediumToAntennaConnector Delay
	Integer
	defines the number in Timestamp Counter Units representing the delay between when the energy corresponding to the start of preamble for an incoming frame is detected at the receive antenna and when it is detected at receive antenna connector

	aRxAntennaConnectorToFirstIndicationDelay
	Integer
	defines the number in Timestamp Counter Units representing the delay between when the energy corresponding to the start of preamble is detected at the receive antenna connector and when the preamble is recognized in the PMD.


11.20.6 Timing Measurement Procedure

A STA that has a value of true for the MIB attributes dot11MgmtOptionLocationToDEnabled and dot11MgmtOptionTimingMsmtEnabled is defined as a STA that supports Timing Measurement procedure. The STA for which the MIB attributes dot11MgmtOptionLocationToDEnabled and dot11MgmtOptionTimingMsmtEnabled is true shall set the Timing Measurement field of the Extended Capabilities element to 1.  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.
Note: The offset for the clock at STA-B with respect to the clock at STA-A is estimated using the equation: 
Offset = [(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 is set to zero (implies that the Timestamp Difference, Timestamp, Timestamp Difference StdDev and Timestamp StdDev fields are not present in the frame).  STA_A then transmits a Follow Up Timing Measurement action frame where the 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, Timestamp Difference field set to t4 – t1 (see figure v104), Timestamp field set to t1 and Timestamp StdDev to the value reported by the MLME. Figure v114 describes the Timing Measurement action 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. 
(1) Initial Timing Measurement action frame (M1 in Figure v114) 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.  If STA-B already received M1 with the same Dialog Token successfully, it shall discard all related data when it receives a re-transmitted M1 with the same Dialog Token.
(2) M1 retransmitted by the SME 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 v114) while it is receiving a retransmitted M1. See Figure v114.
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 M2 was never received at STA-B, the transaction aborts and a new timing synchronization transaction may be started. Data cached at STA-A corresponding to the transmission of M1 and at STA-B corresponding to the receipt of M1 shall be discarded.
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Figure v114: Timing Measurement Procedure

If dot11MgmtOptionLocationToDEnabled or dot11MgmtOptionTimingMsmtEnabled is false the STA shall set the Timing Measurement field in the Extended Capabilities element to 0. As a result the STA does not support the Timing Measurement procedure. When a STA that does not support the Timing Measurement procedure receives a Timing Measurement public action frame it shall ignore the frame.  
14.2 FHSS PHY-specific service parameter lists
14.2.3 RXVECTOR parameters

The parameters in Table 14-2 are defined as part of the RXVECTOR parameter list in the PHY-RXSTART.indicate service primitive.

Table 14-2—RXVECTOR parameters
	Parameter
	Associated Primitive
	Value

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

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

	Time of Arrival Timestamp
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. The locally measured time of the

PMD_DATA.ind(first), in units of

dot11TimingMeasurementCounterUnits.

	
	
	

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


14.2.3.1 TRXVECTOR LENGTH

The LENGTH parameter has the value of 1 to 4095. This parameter is used to indicate the value contained in the LENGTH field that the PLCP has received in the PLCP header. The MAC and PLCP will use this value to determine the number of octet transfers that will occur between the two sublayers during the transfer of the received PSDU.

14.2.3.2 RXVECTOR RSSI

The RSSI is an optional parameter that has a value of 0 through RSSI Max. This parameter is a measure by the PHY of the energy observed at the antenna used to receive the current PPDU. RSSI shall be measured between the beginning of the SFD and the end of the PLCP HEC. RSSI is intended to be used in a relative manner. Absolute accuracy of the RSSI reading is not specified.
14.2.3.3 Time of Arrival Timestamp
The value of the Timestamp counter at the time when PMD_DATA.Ind(first) is generated. 
14.3.3.2 CS/CCA procedure

The CS/CCA procedure is executed while the receiver is turned on and the STA is not currently receiving or

transmitting a packet. The CS/CCA procedure is used for two purposes: to detect the start of a network

signal that can be received (CS) and to determine whether the channel is clear prior to transmitting a packet

(CCA).

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

μs. 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 μs 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 μs 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 μs. 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.indicate(RXVECTOR) message to the MAC

sublayer and exit to the receive procedure.  If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to TRUE, the PLCP shall do the following:

· Save the value of the Timestamp counter corresponding to the time when the first PMD_DATA.Ind for the incoming frame is indicated to the PLCP, ta,

· Complete receiving the PCLP header and verify the validity of the PLCP Header,
· Forward Time of Arrival Timestamp =  ta - (aRxMediumToAntennaConnectorDelay + aRxAntennaConnectorToFirstIndicationDelay) value within RXVECTOR 
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.
15.2.7 Receive PLCP

The receive PLCP is shown in Figure 15-8.
In order to receive data, PHY-TXSTART.request shall be disabled so that the PHY entity is in the receive

state. Further, through STA management via the PLME, the PHY is set to the appropriate channel and the

CCA method is chosen. Other receive parameters such as 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 15.4.8.4) as the RSSI 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 15.4.8.4. PHY-CCA.indicate(BUSY) shall be issued for energy detection (ED) and/or code

lock prior to correct reception of the PLCP frame. 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, CRC-16 processing shall be initiated and the PLCP IEEE 802.11 SIGNAL, IEEE 802.11

SERVICE and LENGTH fields are received. The CRC-16 FCS shall be processed. If the CRC-16 FCS

check fails, the PHY receiver shall return to the RX IDLE state as depicted in Figure 15-9. 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

supported), a PHY-RXSTART.indicate(RXVECTOR) shall be issued. If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to TRUE, the PLCP shall do the following:

· Save the value of the Timestamp counter corresponding to the time when the first PMD_DATA.Ind for the incoming frame is indicated to the PLCP, ta,

· Complete receiving the PCLP header and verify the validity of the PLCP Header,
· Forward Time of Arrival Timestamp =  ta - (aRxMediumToAntennaConnectorDelay + aRxAntennaConnectorToFirstIndicationDelay) value within RXVECTOR 
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
17.2.3 RXVECTOR parameters

The parameters listed in Table 17-2 are defined as part of the RXVECTOR parameter list in the

PHY-RXSTART.indicate service primitive.

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

Table 17-2—RXVECTOR parameters

	Parameter
	Associated Primitive
	Value

	Ingress Timestamp
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. The locally measured time of the

PMD_DATA.ind(first), in units of

dot11TimingMeasurementCounterUnits.


17.3.12 Receive PLCP

The receive PLCP is shown in Figure 17-16. In order to receive data, PHY-TXSTART.request shall be

disabled so that the PHY entity is in the receive state. Further, through STA management (via the PLME) the

PHY is set to the appropriate frequency. Other receive parameters, such as RSSI and indicated

DATARATE, may be accessed via the PHY-SAP.
Upon receiving the transmitted PLCP preamble, PMD_RSSI.indicate shall report a significant received

signal strength level to the PLCP. This indicates activity to the MAC via PHY_CCA.indicate.

PHY_CCA.indicate(BUSY) shall be issued for reception of a signal prior to correct reception of the PLCP

frame. The PMD primitive PMD_RSSI is issued to update the RSSI and parameter reported to the MAC.

After PHY-CCA.indicate is issued, the PHY entity shall begin receiving the training symbols and searching

for the SIGNAL in order to set the length of the data stream, the demodulation type, and the decoding rate.

Once the SIGNAL is detected, without any errors detected by a single parity (even), FEC decode shall be

initiated and the PLCP IEEE 802.11 SERVICE fields and data shall be received, decoded (a Viterbi decoder

is recommended), and checked by ITU-T CRC-32. If the FCS by the ITU-T CRC-32 check fails, the PHY

receiver shall return to the RX IDLE state, as depicted in Figure 17-16. 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

supported), a PHY-RXSTART.indicate(RXVECTOR) shall be issued. If the MIB variable dot11MgmtOptionTimingMsmtEnabled exists and is set to TRUE, the PLCP shall do the following:

· Save the value of the Timestamp counter corresponding to the time when the first PMD_DATA.Ind for the incoming frame is indicated to the PLCP, ta,

· Complete receiving the PCLP header and verify the validity of the PLCP Header,
· Forward Time of Arrival Timestamp =  ta - (aRxMediumToAntennaConnectorDelay + aRxAntennaConnectorToFirstIndicationDelay) value within RXVECTOR 
The RXVECTOR associated with

this primitive includes the SIGNAL field, the SERVICE field, the PSDU length in octets, and the RSSI.

Also, in this case, the OFDM PHY will ensure that the CCA shall indicate a busy medium for the intended

duration of the transmitted frame, as indicated by the LENGTH field.
18.2.6 Receive PLCP

The receive procedures for receivers configured to receive the mandatory and optional PLCPs, rates, and

modulations are described in this subclause. A receiver that supports this High Rate extension of the

standard is capable of receiving 5.5 Mb/s and 11 Mb/s, in addition to 1 Mb/s and 2 Mb/s. If the PHY

implements the short preamble option, it shall detect both short and long preamble formats and indicate

which type of preamble was received in the RXVECTOR. If the PHY implements the PBCC modulation

option, it shall detect either CCK or PBCC modulations, as indicated in the SIGNAL field, and shall report

the type of modulation used in the RXVECTOR.

The receiver shall implement the CCA procedure as defined in 18.4.8.4. Upon receiving a PPDU, the

receiver shall distinguish between a long and short header format by the value of the SFD, as specified in

18.2.2. The receiver shall demodulate a long PLCP header using BPSK at 1 Mb/s. The receiver shall

demodulate a short PLCP header using QPSK at 2 Mb/s. The receiver shall use the SIGNAL and SERVICE

fields of the PLCP header to determine the data rate and modulation of the PSDU.

The receive PLCP is shown in Figure 18-9 In order to receive data, the PHY-TXSTART.request shall be

disabled so that the PHY entity is in the receive state. Further, through STA management via the PLME, the

PHY shall be set to the appropriate channel and the CCA method chosen. Other receive parameters, such as

RSSI, 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 18.4.8.4) as the RSSI 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 18.4.8.4. PHY-CCA.indicate(BUSY) shall be issued for ED 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, CRC-16 processing shall be initiated and the PLCP SIGNAL, SERVICE, and LENGTH

fields shall be received. The CRC-16 FCS shall be processed. If the CRC-16 FCS check fails, the PHY

receiver shall return to the RX IDLE state, as depicted in Figure 18-10. 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

supported), a PHY-RXSTART.indicate(RXVECTOR) shall be issued. The RXVECTOR associated with

this primitive includes

a) The SIGNAL field

b) The SERVICE field

c) The PSDU length in octets (calculated from the LENGTH field in microseconds and the

DATARATE in Mb/s, in accordance with the formula in 18.2.3.5)

d) RXPREAMBLE_TYPE (which is an enumerated type taking on values SHORTPREAMBLE or

LONGPREAMBLE)

e) The antenna used for receive (RX_ANTENNA), RSSI, and SQ

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

dot11MgmtOptionTimingMsmtEnabled exists and is set to TRUE, the PLCP shall do the following:

· Save the value of the Timestamp counter corresponding to the time when the first PMD_DATA.Ind for the incoming frame is indicated to the PLCP, ta,

· Complete receiving the PCLP header and verify the validity of the PLCP Header,
· Forward Time of Arrival Timestamp =  ta - (aRxMediumToAntennaConnectorDelay + aRxAntennaConnectorToFirstIndicationDelay) value within RXVECTOR 
18.3.5 Vector descriptions

Several service primitives include a parameter vector. These vectors are a list of parameters as described in

Table 18-6. DATARATE and LENGTH are described in 12.3.4.4. The remaining parameters are considered

to be management parameters and are specific to this PHY.

Insert new rows at the end of Table 18-6 as follows:
Table 18-6—Parameter vectors
	Parameter
	Associated Primitive
	Value

	Ingress Timestamp
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. The locally measured time of the

PMD_DATA.ind(first), in units of

dot11TimingMeasurementCounterUnits.


Insert new rows at the end of Table 19-2 as follows:
Table 19-2—RXVECTOR parameters
	Parameter
	Associated Primitive
	Value

	Ingress Timestamp
	PHY-RXSTART.Indicate(RXVECTOR)
	0 to 232-1. The locally measured time of the

PMD_DATA.ind(first), in units of

dot11TimingMeasurementCounterUnits.

	Ingress Timestamp Error
	PHY-RXSTART.Indicate(RXVECTOR)
	Difference between the estimated and actual timestamp values corresponding to when the PLCP header was fully received and validated in units of dot11TimingMeasurementCounterUnits


20.2.2 TXVECTOR and RXVECTOR parameters

The parameters in Table 20-1 are defined as part of the TXVECTOR parameter list in the PHY-TXSTART.

request service primitive and/or as part of the RXVECTOR parameter list in the PHY-RXSTART.indication

service primitive.

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

	Parameter
	Condition
	Value
	TXVECTOR
	RXVECTOR

	Ingress Timestamp
	
	0 to 232-1. The locally measured time of the

PMD_DATA.ind(first), in units of

dot11TimingMeasurementCounterUnits.
	N
	Y


20.3.24 PLCP receive procedure

Typical PLCP receive procedures are shown in Figure 20-23 and Figure 20-24. The receive procedures correspond

to HT-mixed format and HT-greenfield format, respectively. A typical state machine implementation

of the receive PLCP is given in Figure 20-25. These receive procedures and state machine do not describe the

operation of optional features, such as LDPC or STBC. If the detected format indicates a non-HT PPDU format,

refer to the receive procedure and state machine in Clause 17 or Clause 19. Further, through station management

(via the PLME) the PHY is set to the appropriate frequency, as specified in 20.4. Other receive

parameters, such as RSSI and indicated DATARATE, may be accessed via the PHY-SAP.

Upon receiving the transmitted PLCP preamble, PMD_RSSI.indication shall report a receive signal strength

to the PLCP. This indicates activity to the MAC via PHY-CCA.indication. PHY-CCA.indication(BUSY, channel-list) shall also be issued as an initial indication of reception of a signal. The channel-list parameter

of the PHY-CCA.indication is determined as follows:

. It is absent when the operating channel width is 20 MHz

. It is set to {primary} when the operating channel width is 40 MHz and the signal is present only in

the primary channel

. It is set to {secondary} when the operating channel width is 40 MHz and the signal is present only in

the secondary channel

. It is set to {primary, secondary} when the operating channel width is 40 MHz and the signal is

present in both the primary and the secondary channels.

The PMD primitive PMD_RSSI is issued to update the RSSI and parameter reported to the MAC.

After the PHY-CCA.indication(BUSY, channel-list) is issued, the PHY entity shall begin receiving the training

symbols and searching for SIGNAL and HT-SIG in order to set the length of the data stream, the demodulation

type, code type, and the decoding rate. If signal loss occurs before validating L-SIG and/or HT-SIG,

the HT PHY shall maintain PHY-CCA.indication(BUSY, channel-list) until the received level drops below

the CCA sensitivity level (for a missed preamble) specified in 20.3.22.5. If the check of the HT-SIG CRC is

not valid, a PHY-RXSTART.indication is not issued. The PHY shall issue the error condition PHY-RXEND.

indication(FormatViolation). The HT PHY shall maintain PHY-CCA.indication(BUSY, channel-list)

until the received level drops below the CCA sensitivity level (for a missed preamble) specified in 20.3.22.5.

If the PLCP preamble reception is successful and a valid HT-SIG CRC is indicated:

. Upon reception of an HT-mixed format preamble, the HT PHY shall maintain PHY-CCA.indication(

BUSY, channel-list) for the predicted duration of the transmitted frame, as defined by TXTIME

in 20.4.3, for all supported and unsupported modes except Reserved HT-SIG Indication. Reserved

HT-SIG Indication is defined in the fourth bullet below.

. Upon reception of a GF preamble by an HT STA that does not support GF, PHY-CCA.indication(

BUSY, channel-list) shall be maintained until either the predicted duration of the packet from

the contents of the HT-SIG field, as defined by TXTIME in 20.4.3, except Reserved HT-SIG Indication,

or until the received level drops below the receiver minimum sensitivity level of BPSK, R=1/2

in Table 20-22 + 10 dB (.72 dBm for 20 MHz, .69 dBm for 40 MHz). Reserved HT-SIG Indication

is defined in the fourth bullet below.

. Upon reception of a GF preamble by an HT STA that supports GF, the HT PHY shall maintain PHYCCA.

indication(BUSY, channel-list) for the predicted duration of the transmitted frame, as defined

by TXTIME in 20.4.3, for all supported and unsupported modes except Reserved HT-SIG Indication.

Reserved HT-SIG Indication is defined in the fourth bullet below.

. If the HT-SIG indicates a Reserved HT-SIG Indication, the HT PHY shall maintain PHY-CCA.indication(

BUSY, channel-list) until the received level drops below the CCA sensitivity level (minimum

modulation and coding rate sensitivity + 20 dB) specified in 20.3.22.5. Reserved HT-SIG Indication

is defined as an HT-SIG with MCS field in the range 77.127 or Reserved field = 0 or STBC field =

3.

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:

· Save the value of the Timestamp counter corresponding to the time when the first PMD_DATA.Ind for the incoming frame is indicated to the PLCP, ta,

· Complete receiving the PCLP header and verify the validity of the PLCP Header,
· Forward Time of Arrival Timestamp =  ta - (aRxMediumToAntennaConnectorDelay + aRxAntennaConnectorToFirstIndicationDelay) value within RXVECTOR 
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).
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Annex U

Time of departure accuracy test (Informative)

The Time of Departure accuracy test is an informative description of how time of departure accuracy can be measured for any parameterizable PHY waveform. This accuracy test does not apply when the Time of Departure timestamps are exclusively used for Timing Synchronization (See 11.20.6). 









�Simplified description of  Tx time and Rx time. Note that these timestamps are computed by the SME based on data provided by the MLME. 





What is involved in the computation of these timestamps will be described later (in Clauses 10 amd 11).


�Is StdDev the correct statistic?


�Is StdDev the correct statistic? 





RMS on the Timestamp value based on  the difference between actual difference and expected difference has been suggested.





Also need to specify how this statistic is estimated.


�These constants are now added to 10.4.3.2 PLME.CHARACTERSITICS.confirm.


�Need to define how this statistic is derived
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