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Insert the following new subclause  7.3.2.81) after subclause 7.3.2.80:

7.3.2.81 Timing information element (TIE)

The TIE is optionally present in Timing and Higher Layer Information frames.  The TIE format is shown in Figure 7-95a2.  The length field is set to 12.   
	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. It contains information describing the source of time as well as the estimate thereof and its uncertainty.  
	Timing capabilities


	TSF timer offset estimate
	TSF timer offset standard deviation


     


  Octets
      1

       8                       3
Figure 7-95a3—Content field format

This information can be used by recipients of Timing and Higher Layer Information frames to estimate corrections to their internal TSF timer that essentially synchronize that TSF timer to the clock on the STA transmitting the Timing and Higher Layer Information frame. The content field contains a timing capabilities field (1 octet), a TSF timer offset field (8 octets), and TSF timer offset standard deviation field (3 octets).  

	Time Source

	Availability of Time Source
	Reserved


               
 bits

0-2

        3                            4-7
Figure 7-95a4—Timing capabilities field format

The timing capabilities field is a single-byte (octet) field used to inform recipients of the Timing Reference Information Element of the sender’s source of external time information as well as the current condition of the timing estimator. 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. 

The TSF timer offset field is an 8-byte field and shall contain a TSF timer offset estimate (i.e., a zeroth order correction) as a 2’s complement integer in microseconds, which when added to the STA’s TSF timer value yields an estimate (zeroth order) of the STA’s best estimate of external time (e.g., UTC time) at the instant the first bit of the Timestamp in the Timing and Higher Layer Information frame is transmitted from the STA’s antenna. 

The TSF timer standard deviation field is a 3-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 microseconds. The TSF timer standard deviation field shall be set to its maximum value (2^(24)-1) to indicate that the value of the TSF timer offset field is not meaningful and should not be used to estimate UTC time.  

Upon startup, the TSF timer offset shall be set to zero and the TSF timer standard deviation shall be set to its maximum value (2^(24)-1), indicating that the TSF timer offset estimate is not currently valid. Note that once any lower variance source of time becomes available, that source and its error variance can be adopted as initial conditions for the estimator. The value of the TSF timer offset 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.  


Insert the following new subclause  11.18.3 after subclause 11.18.2:

11.18.3 Time base synchronization using TIEs
A STA choosing to synchronize to the time base of another STA may do so using the TSF Timer primitives provided along with the information contained in the TIE.  For example, STAs may synchronize to Universal Coordinates Time (UTC) time relative to UTC instant 2004-01-01T00:00:00.000000.  UTC is defined in ITU-R TF.460-4 (1986) [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 ns), and these precise 1 PPS signals can be used for timing and synchronization.  A STA that chooses to synchronize to UTC time may estimate UTC time as the value of the STA’s TSF timer plus any corrections estimated as described in 11.1.1.3.1.  This estimate of UTC time can be used for many purposes including synchronization of channel changes. 

STAs that have a source of UTC time (e.g., from a GPS unit) can easily implement an estimator in a variety of ways, all of which are beyond the scope of this standard.  STAs that do not have an internal source of time (UTC or any other) may nonetheless estimate time from Timing and Higher Layer Information frames containing a Timestamp and a Timing Information Element received from STAs that do have an estimate of time (UTC or any other).   While the details of how this can be accomplished are beyond the scope of this standard, it is easy to see that sufficient information is present in the received Timing and Higher Layer Information frames.  The Timestamp field gives an estimate of the value of the TSF timer of the transmitting STA at the moment the first bits of the Timestamps were transmitted out the transducer (antenna).  The TIE provides sufficient information to estimate the necessary corrections to the Timestamp value so that it equals the value of its external time source (which must be the same for all Timing and Higher Layer Information frames obviously, and may be, e.g., UTC time) at the transmission time.  The local timestamp attached to the received Timing and Higher Layer Information frame gives an estimate of the local TSF timer value at the instant of reception of each Timing and Higher Layer Information frame.  This information is clearly sufficient for the receiving STA to produce an estimate (biased if the propagation delays from the transmitters to the receiver is not accounted for properly) of the external clock on the transmitting STAs.  The details of how this is implemented are beyond the scope of this standard, but statistically unbiased (this is a bit difficult to achieve in these applications) and efficient estimators are preferred.  Such estimators also produce estimates of the uncertainties of the parameters they estimate, and these uncertainties are included in the TIE as well.  
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Abstract


This document contains the description of the timing information element which is optionally included in Timing and Higher Layer Information management frames. 
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