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Insert the following new subclause  7.3.2.b at the end of subclause 7.3.2:
7.3.2.b Timing information element (TIE)

The Timing information element (TIE) is optionally included in Timing Advertisement (TA) management frames and in conjunction, provides a mechanism for STAs to distribute information to receiving STAs that allows the receiving STAs to estimate the value of time associated with an external clock in the transmitting STA.  For example, a STA with a GPS module that outputs UTC (herein referring to UT0; cf. ITU-R TF.460-6) time can send information to receiving STAs that allows those STAs to estimate UTC time without having to have a GPS device present.  This process is referred to as time (or clock) alignment.  See clause 11.6a for a more detailed discussion of time alignment using TIEs and TA frames.

The format of the TIE is shown in Figure 7-95a2.  The element ID is set to <ANA>.  The value of the length field varies with and determines the number of parameters included.
	Element ID


	Length
	Content


               
 Octets

1

        1                  Variable (1-255)

Figure 7-95a2—Timing information element format
The format of the content field of the TIE is shown in Figure 7-95a3. The content field contains information describing the source of time in the Timing capabilities subfield as well as an estimate of the parameters, and their related estimate error covariance, of a polynomial model that relates TSF timer values to those of the external time source (clock).  The numbers in parentheses indicate the size of the field in octets.  The subfields in the second and third rows of the table shown in Figure 7-95a3 are optional extensions of the error model to a linear and quadratic form respectively.  If only a constant offset is estimated, then only the first row is present.  If a linear coefficient, directly related to the difference in oscillator frequencies that are driving the two clocks, is estimated, then the second row is present.  The quadratic term directly relates to differential oscillator frequency drift and may optionally be estimated and included.  (Empty boxes in Figure 7-95a are for formatting purposes only and do not indicate a subfield.)
	Timing capabilities

(1)
	TSF timer time offset estimate (TTTOE) in nsec

(10)
	TTTOE error std dev in nsec
(5)
	
	

	TSF timer t0 reference

(8)
	TSF timer frequency offset estimate (TTFOE) in nsec/sec

(4)
	TTFOE error std dev in nsec/sec
(2)
	LTTFOE-TTTOE 
(2)
	

	
	TSF timer frequency drift estimate (TTFDE) in nsec/sec/sec
(4)
	TTFDE error std dev in nsec/sec/sec
(2)
	LTTFDE-TTTOE 
(2)
	LTTFDE-TTFOE 
(2)


Figure 7-95a3—TIE content field format

This information can be used by recipients of Timing Advertisement frames to estimate corrections to their internal TSF timer to estimate the current time of the external clock on the STA transmitting the TIE in a Timing Advertisement frame. 
The Timing capabilities field is a single octet field as shown in Figure 7-95a3 and is used to indicate a STA’s source of external time and the current condition of its source of external time.  Bits 0-2 of this field shall be set to 0 if there is no source of external time associated with the Timing information.  Bits 0-2 are set to 0b001 if UTC is the external source (e.g., if the STA has a GPS unit onboard capable of generating UTC time).  Other values for bits 0-2 are currently reserved for future use. Bit 3 of this field shall be set to 1 if this time source is currently available and being used to estimate time, and 0 if not. Bits 4–7 are reserved for future enhancements. 
	bits
	description

	b0
	b1
	B2
	b3
	b4
	b5
	b6
	b7
	

	0
	0
	0
	
	No standardized external time source

	0
	0
	1
	
	External time source is UT0 [ed: add this reference: ITU-R TF.460-6 and insert the associated pointer here]

	010 – 111
	
	Reserved

	
	0
	
	External time source is not currently available (time may continue to be estimated based on this source, e.g. if UT0 is being derived from GPS the coverage may be sporadic)

	
	1
	
	External time source is available and is currently being used to estimate time

	
	0000 – 1111
	Reserved


Figure 7-95a4—Timing capabilities field format
The TSF timer time offset estimate (TTTOE) field is an 10-byte field and shall contain a TSF timer time offset estimate as a 2’s complement integer in nanoseconds.
The TSF timer time offset standard deviation field is a 5-byte field containing an estimate of the standard deviation of the error in the STA’s estimate of external time (including biases that have not been calibrated out) in unsigned integer format in units of nanoseconds. This standard deviation is computed as the square-root of the (1,1) element of the diagonal matrix D in the LDL decomposition of the covariance matrix R described below.  The TSF timer standard deviation field shall be set to its maximum value (240-1) to indicate that the value of the TSF timer offset field is not meaningful and should not be used to estimate external time.  If only the TTTOE is to be included in the TIE, the length field is set to 16.
Upon startup, the TSF timer time offset shall be set to zero and the TSF timer standard deviation shall be set to its maximum value (240-1), indicating that the TSF timer offset estimate is not currently valid. The value of the TSF timer offset error standard deviation, i.e., the error in the estimate of external time (or equivalently, the TSF timer offset for zeroth order estimators) is generally a function of various environmental and implementation factors and may vary with time.  

Optionally, a TSF timer frequency offset estimate (TTFOE) may be included in the TIE.  If the TTFOE is included, the next  subfield in the TIE shall contain the value of the transmitting STA's TSF timer to which the TTFOE is being referenced (t0).  The t0 subfield is an 8-octet field.  The next subfield then contains the TTFOE in units of nsec/sec and is a 4-octet field containing a 2's complement signed integer in units of nsec/sec.  The next subfield contains the TTFOE error standard deviation and is a 2-octet unsigned integer.  This standard deviation is computed as the square-root of the (2,2) element of the diagonal matrix D in the LDL decomposition of the covariance matrix R described below.  The subsequent subfield labelled LTTFOE-TTTOE is a 2-octet field containing a 16-bit 2's complement signed integer which, when divided by 215, is the value of the (2,1) element of the lower triangular matrix L (with all diagonal elements equal to 1).  If only the TTTOE and the TTFOE are to be included in the TIE, the length field is set to 32.
If the TTFOE subfield is present, optionally, a TSF timer frequency drift estimate (TTFDE) may be included in the TIE.  If the TTFDE is included, the next subfield contains the TTFDE in units of nsec/sec/sec and is a 4-octet field containing a 2's complement signed integer.  The next subfield contains the TTFDE error standard deviation and is a 2-octet unsigned integer.  This standard deviation is computed as the square-root of the (3,3) element of the diagonal matrix D given above.  The subsequent subfields labelled LTTFDE-TTTOE and LTTFDE-TTFOE  are 2-octet fields containing 16-bit 2's complement signed integers which when divided by 215 are the values of the (3,1) and (3,2) elements of the lower triangular matrix L in the LDL decomposition of  the covariance matrix of the estimate error in the parameter estimates R given below.  If the TTTOE, TTFOE and the TTFDE are to be included in the TIE, the length field is set to 42.
The matrix R is the covariance matrix of the estimate error in the parameter estimates; i.e.

R = E((x-xe)(x-xe)T) = LDLT,

where x is the parameter vector containing TTTOE and optionally its time derivatives TTFOE and TTFDE,  and xe is the estimate of the parameter vector x.  If all the parameters are being estimated:

x = [TTTOE, TTFOE, TTFDE]T.

The LDL decomposition of the covariance matrix R is used to calculate the statistical entries in the TIE as described above.  L is a strictly lower triangular matrix with ones on the diagonal, and D is a diagonal matrix with the parameter estimate error variances on the diagonal.  
These parameter estimates (x) and the associated estimate error covariance matrix (R) can be used to yield estimates of time (and its uncertainty) being kept by the external clock with which these parameters are associated.  As an example, assuming a STA has produced estimates of all optional terms in the polynomial model (and therefore also has chosen a TSF timer value to serve as the "zero reference"), and assuming that UTC time is the time being estimated, that estimate is calculated as follows:
teUTC  =  tTSF + c0 + c1(tTSF -  t0TSF) + c2(tTSF -  t0TSF)2
where c0, c1, and c2 are the constant (TTTOE), linear (TTFOE), and quadratic (TTFDE) coefficient estimates respectively, and t0TSF is the "zero reference" for the polynomial model of the clock offset chosen (somewhat arbitrarily) by the STA.  When this information is included in a TIE to be transmitted in a TA frame, the receiver of that frame will be able to perform this same calculation using the Timestamp in the TA frame to estimate UTC time at the instant the first bit of the Timestamp in the Timing Advertisement frame was transmitted from the transmitting STA’s antenna.  The receiving STA can also calculate the estimate error variance of this UTC time estimate for use in its internal algorithm for updating its own external clock parameters (TTTOE, TTFOE, and TTFDE).  The implementation details are beyond the scope of this standard.  
Insert the following new subclause  11.6a after subclause 11.6 and renumber as appropriate:

11.6a  Time advertisement
As specified in clause 11.1.2, each STA maintains a TSF Timer that is used to set the value of the Timestamp field included in the Timing advertisement frame.  A STA transmitting a Timing advertisement frame shall set the Timestamp value to the value of the STA’s TSF timer at the time that the data symbol containing the first bit of the Timestamp is transmitted to the PHY plus the transmitting STA’s delays through its local PHY from the MAC-PHY interface to its interface with the WM [e.g., antenna, light emitting diode (LED) emission surface].  

11.6a.1 Time alignment using Timing Advertisement frames and TIEs (Informative) 

[image: image1.wmf]
A STA may advertise an external time source when transmitting the Timing Advertisement frame by including the Timing information element.  As defined in clause 7.3.2.b the Timing information element contains sufficient information to estimate the difference between its external time source and the Timestamp included in the frame as well as the standard deviation of the error in that estimate using the standard deviations and cross-correlations present in the TIE.   A STA with an external time source can implement an estimator in a variety of ways, which are beyond the scope of this standard.  The SME provides the Timing information element to the MLME when it requests the MLME to send a Timing Advertisement frame.  When a Timing Advertisement frame is received by a STA its MLME reports the Timestamp, the local timestamp, and Timing information element to the SME.  The subsequent paragraphs provide an example of how the elements in the TIE transmitted in a TA frame may be used to time align STAs.
A STA choosing to align its internal time base with the time base of another STA may do so using TSF timer primitives (see clause 10.3) along with the information contained in the TIE received from the other STA.  While any source of external time can be used, the discussion below uses Universal Coordinated Time (UT0) relative to UTC instant 2004-01-01T00:00:00.000000.  UT0 is defined in ITU-R TF.460-6 (2002) [ed: add this reference to the list of references and insert the associated pointer here] and can be obtained externally from many sources including GPS.  (GPS receivers typically provide a precise 1 pulse per second (PPS) UTC signal (with an error less than 100 nsec), and these precise 1 PPS signals can be used for time alignment.)  
A STA that chooses to time-align with UTC time being advertised by one or more other STAs using Timing Advertisement frames may estimate UTC time as the value of its TSF timer plus any corrections estimated using the information contained in the TIEs (see 7.3.2.b) received from the other STAs.   To estimate the parameters in its own model of time alignment offset, the receiving STA can calculate UTC time estimates and associated variances from the received TIEs using equations of the same form as shown below.  These UTC time estimates are associated with the local timestamp value returned in the TA indication upon reception and this information can be used to estimate the parameters in the polynomial model of the TSF timer offset in the STA.  Once the STA has produced estimates of all desired terms (for this example all three parameters are assumed) in the polynomial model (and therefore also has chosen a TSF timer value to serve as the "zero reference") and the associated estimate error covariance matrix (R), UTC time may be estimated as follows:
teUTC  =  tTSF + c0 + c1(tTSF -  t0TSF) + c2(tTSF -  t0TSF)2
where c0, c1, and c2 are the constant (TTTOE), linear (TTFOE), and quadratic (TTFDE)coefficient estimates respectively, and t0TSF is the "zero reference" for the polynomial model of the clock offset chosen (somewhat arbitrarily) by the STA.  The estimate error variance of this estimate can also be calculated using estimates of the error covariance R and an estimate of the variance of the error in the value of tTSF.  This estimate of UTC time can be used for many purposes including time-alignment of STAs for scheduling various RF channel usages and changes.  These parameters estimates may in turn be transmitted in a TIE in a TA frame but since the STA does not have a source o UTC time, the Timing
capabilities field in the TIE would be set to reflect this condition.
Finally, STAs that have a source of UTC time (e.g., from a GPS unit) can easily implement an estimator of the coefficients in the polynomial (in time) model of the TSF timer offset described above in a variety of ways, all of which are beyond the scope of this standard.  The reason for doing so would be to allow these STAs to send TA frames containing TIEs to allow receiving STAs without UTC time to align to UTC time.
With regard to the TSF timer primitives in clause 10.3, MLME-GETTSFTIME is used to get the value of the STAs TSF timer which is necessary in the estimation of external clock time.  Preferred implementations will perform this task so as to minimize the variance in the time required to perform the task, and provide an estimate of that delay as well. MLME-INCTSFTIME is used to update a STAs TSF timer as the need arises (e.g., to prevent the "Y2K" roll-over problem and possibly to keep the parameter estimates and the estimated offsets from growing excessively large.).  MLME-SETTSFTIME can be used to set the TSF timer to a specific value although for purposes of time alignment, use of MLME-INCTSFTIME is obviously more accuracte.  Note also that very importantly, MLME-SETTSFTIME.indication is issued anytime the TSF timer is changed expect when it changes in normal increments as specified in 11.1.2 or changes in response to MLMESETTSFTIME.

request or MLME-RESET.request primitives.   This allows the estimator of external time to make corrections to all its estimates if and when the TSF timer is changed for some reason (other than normal operation) which can avoid algorithmic instabilities in some estimator implementations.
In the subclauses of clause 10 describing the MLME_TIMING_ADVERTISEMENT.request and MLME_TIMING_ADVERTISEMENT.indication primitives, add "Timing information" as an optional parameter after "Capability Information" and in the tables that follow, add the following row: 
	Timing information
	As defined in frame format
	As defined in frame format
	Timing information announced by the STA


Motion: Move to accept these changes and instruct the editor to update the latest 11p draft to include these changes.

Moved:
Seconded:

YES:

NO:

ABSTAIN: 
Abstract


This document contains a description of the timing information element which is optionally included in Timing Advertisement management frames to distribute information to receiving STAs that allows receiving STAs to estimate the value of time associated with an external clock in the transmitting STA.  For example, a STA with a GPS module that outputs UTC time can send information to receiving STAs that allow those STAs to estimate UTC time without having to have a GPS device present.
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