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TGv editor: Missing equations and figures are a function of the file exchange process and do not indicate a deletion or change
7.3.2.66.8 Time Of Departure subelement

The Time of Departure subelement contains time of departure information for the Location Track Notification frame including the subelement. The format of the Time of Departure subelement format is shown in Figure v52.

	
	
	
	
	
	

	
	Subelement ID
	Length
	TOD Timestamp 
	TOD RMS
	TOD Units

	Octets:
	1
	1
	4
	2
	1

	Figure v52—Time of Departure subelement


The Subelement ID field contains the value for Time of Departure as defined in Table v22.

The value of the Length field is set to 7.

The TOD Timestamp field carried within a frame specifies the when the first frame energy is sent by the transmitting port in units specified by the TOD Units field and is determined from the TIME_OF_DEPARTURE parameter within the PHY-TXSTART.confirm primitive.

The TOD RMS field specifies the RMS time of departure error in units specified by the TOD Units field, where the time of departure error equals the difference between the TOD Timestamp field and the time of departure measured by a reference entity using a clock synchronized to the start time and mean frequency of the local PHY entity’s clock. TOD RMS field is determined from aTxPmdTxStartRMS in units identified by the TOD Units field.
The TOD Units field specifies the units for the TOD Timestamp and TOD RMS fields and may be one of the values as defined in Figure v26 
	Table v26—TOD Units



	TOD Units Value
	Description

	0
	TODU 22: 1/1408 MHz 

	1
	TODU 20: 1/1280 MHz

	2
	TODU 40: 1/2560 MHz

	3
	TODU 16: 1/1000 MHz

	4-255 
	Reserved


10.4.3.2 Semantics of the service primitive

The primitive provides the following parameters:

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,

aTxPmdTxStartRFDelay,
aTxPmdTxStartRMS
)
TGv editor: Insert at the end of table in 10.4.3.2

	aTxPmdTxStartRFDelay
	integer
	The delay (in units of 0.5 nanoseconds) between PMD_TXSTART.request being issued and the first frame energy sent by the transmitting port, for the current channel.

	aTxPmdTxStartRMS
	integer
	The RMS time of departure error (in units of 0.5 nanoseconds), where the time of departure error equals the difference between TIME_OF_DEPARTURE and the time of departure measured by a reference entity using a clock synchronized to the start time and mean frequency of the local PHY entity’s clock


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

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 transmitted frames so that recipients on multiple channels can compensate for differences in the transmit time of the frames, and so to determine the time differences of air propagation times between transmitter and pairs of recipients and hence to compute the location of the transmitter via multilateration. See Annex U.
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 or if the MIB variable 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 the first frame energy is sent by the transmitting port, and the TIME_OF_DEPARTURE_UNITS parameters within the TXSTATUS vector.

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
	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 the first frame energy is sent by the transmitting port; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters

	TIME_OF_DEPARTURE
	TXSTATUS
	0 to 232-1. The locally-measured time of when the first frame energy is sent by the transmitting port, in units of TIME_OF_DEPARTURE_UNITS. 

	
	
	

	TIME_OF_DEPARTURE_UNITS
	TXSTATUS
	Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz


15.4.7 PMD transmit specifications

Insert a new section after 15.4.7.9:

15.4.7.10 Time of Departure accuracy

The Time of Departure accuracy test evaluates TIME_OF_DEPARTURE against aTxPmdTxStartRMS and aTxPmdTxStartRMS against TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH as defined Annex U with the following test parameters: 

—
MULTICHANNEL_SAMPLING_RATE is  sample/s where fH is the nominal center frequency in Hz of the highest channel in the channel set, fL is the nominal center frequency in Hz of the lowest channel in the channel set, the channel set is the set of channels upon which frames providing measurements are transmitted, the channel set comprises channels uniformly spaced across fH – fL >= 50 MHz, and equals the smallest integer equal to or larger than x.

—
FIRST_TRANSITION_FIELD is the SYNC field. 

—
SECOND_TRANSITION_FIELD is the SFD field.

—
TRAINING_FIELD is the concatenation of the SYNC and SFD fields, using a chip pulse which should approximate a rectangular pulse of duration 1/ 11 MHz convolved with a brick-wall low pass filter of bandwidth 11 MHz

—
TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH is 80 ns.

NOTE — The indicated chip pulse applies to the time of departure accuracy test equipment, and not the transmitter or receiver.

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 the first frame energy is sent by the transmitting port; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters


Insert new clause after 17.2.2.4 as follows:

17.2.2.5 TIME_OF_DEPARTURE_REQUESTED

The allowed values are false or true. A parameter value of true indicates that the MAC sublayer is requesting that the PLCP entity provide measurement of when the first frame energy is sent by the transmitting port and reporting within the PHY-TXSTART.confirm(TXSTATUS) primitive. A parameter value of false indicates that the MAC sublayer is requesting that the PLCP entity not provide time of departure measurement nor reporting in the PHY-TXSTART.confirm(TXSTATUS) primitive.

Insert a new clause after 17.2.3 as follows:

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)
	0 to 232-1. The locally-measured time of when the first frame energy is sent by the transmitting port, in units of TIME_OF_DEPARTURE_UNITS. 

	
	
	

	TIME_OF_DEPARTURE_UNITS
	TXSTART.confirm(TXSTATUS)
	Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz


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 when the first frame energy is sent by the transmitting port 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.



17.3 OFDM PLCP sublayer

17.3.9 PMD transmit specifications

Insert a new clause after 17.3.9.7 as follows:

17.3.9.8 Time of Departure accuracy

The Time of Departure accuracy test evaluates TIME_OF_DEPARTURE against aTxPmdTxStartRMS and aTxPmdTxStartRMS against TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH as defined Annex U with the following test parameters: 

—
MULTICHANNEL_SAMPLING_RATE is sample/s where fH is the nominal center frequency in Hz of the highest channel in the channel set, fL is the nominal center frequency in Hz of the lowest channel in the channel set, the channel set is the set of channels upon which frames providing measurements are transmitted, the channel set comprises channels uniformly spaced across fH – fL >= 50 MHz, and equals the smallest integer equal to or larger than x.

—
FIRST_TRANSITION_FIELD is the Short symbols. 

—
SECOND_TRANSITION_FIELD is the Long symbols.

—
TRAINING_FIELD is the Long symbols windowed in a manner which should approximate the windowing described in 17.3.2.4 with TTR = 100 ns for 20 MHz channel spacing, TTR = 200 ns for 10 MHz channel spacing and TTR = 400 ns for 5 MHz channel spacing.

—
TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH is 80 ns.

NOTE —The indicated windowing applies to the time of departure accuracy test equipment, and not the transmitter or receiver.

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 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 when the first frame energy is sent by the transmitting port and the TIME_OF_DEPARTURE_UNITS parameter within the TXSTATUS vector. 

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 when the first frame energy is sent by the transmitting port and TIME_OF_DEPARTURE_UNITS parameters within the TXSTATUS vector.

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 when the first frame energy is sent by the transmitting port; when false, the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters

	TIME_OF_DEPARTURE
	TXSTATUS
	0 to 232-1. The time of when the first frame energy is sent by the transmitting port, measured by the local PHY entity, in units of TIME_OF_DEPARTURE_UNITS.

	
	
	

	TIME_OF_DEPARTURE_UNITS
	TXSTATUS
	Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz

	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

10 nanosecond.


18.3.7 PMD transmit specifications

Insert a new clause after 18.4.7.8 as follows:

18.3.7.9 Time of Departure accuracy

The Time of Departure accuracy test evaluates TIME_OF_DEPARTURE against aTxPmdTxStartRMS and aTxPmdTxStartRMS  against TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH as defined in Annex U with the following test parameters: 

—
MULTICHANNEL_SAMPLING_RATE is  sample/s where fH is the nominal center frequency in Hz of the highest channel in the channel set, fL is the nominal center frequency in Hz of the lowest channel in the channel set, the channel set is the set of channels upon which frames providing measurements are transmitted, the channel set comprises channels uniformly spaced across fH – fL >= 50 MHz, and equals the smallest integer equal to or larger than x.

—
FIRST_TRANSITION_FIELD is the SYNC field. 

—
SECOND_TRANSITION_FIELD is the SFD field.

—
TRAINING_FIELD is the concatenation of the appropriate short or long SYNC and SFD fields, using a chip pulse which should approximate a rectangular pulse of duration 1/ 11 MHz convolved with a brick-wall low pass filter of bandwidth 11 MHz

—
TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH is 80 ns.

NOTE — The indicated chip pulse applies to the time of departure accuracy test equipment, and not the transmitter or receiver.

19. ERP specification

19.2 PHY-specific service parameter list

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 when the first frame energy is sent by the transmitting port; 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
	0 to 232-1. The locally-measured time of when the first frame energy is sent by the transmitting port, in units of TIME_OF_DEPARTURE_UNITS. 

	
	

	TIME_OF_DEPARTURE_UNITS
	Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz


20. High Throughput (HT) PHY specification

20.2 HT PHY service interface

20.2.2 TXVECTOR parameters

Insert a new row 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 when the first frame energy is sent by the transmitting port. false indicates that the MAC entity requests that the PHY PLCP entity neither measure nor report time of departure parameters
	O
	N

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

PMD_DATA.ind(first), in units of 10 nanosecond
	N
	Y


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
	0 to 232-1. The locally-measured time of when the first frame energy is sent by the transmitting port, in units of TIME_OF_DEPARTURE_UNITS. 

	
	

	TIME_OF_DEPARTURE_UNITS
	Enumerated type:

TODU22: 1 / 1408 MHz

TODU20: 1 / 1280 MHz

TODU40: 1 / 2560 MHz

TODU16: 1 / 1000 MHz


20.3 HT PLCP sublayer

20.3.21 PMD transmit specification

Insert a new section after 20.3.21.7 as follows:

20.3.21.8 Time of Departure accuracy 

The Time of Departure accuracy test evaluates TIME_OF_DEPARTURE against aTxPmdTxStartRMS and aTxPmdTxStartRMS  against TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH as defined in Annex U with the following test parameters: 
TGv editor: Note removal of newline and hyphen, and change to the equation present in the following paragraph. Equations not present are not changed or deleted.
—
MULTICHANNEL_SAMPLING_RATE is  sample/s (for a CH_BANDWIDTH parameter equal to HT_CBW20) or 
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sample/s (for a CH_BANDWIDTH parameter equal to HT_CBW40) where fH is the nominal center frequency in Hz of the highest channel in the channel set, fL is the nominal center frequency in Hz of the lowest channel in the channel set, the channel set is the set of channels upon which frames providing measurements are transmitted, the channel set comprises channels uniformly spaced across fH – fL >= 50 MHz, and equals the smallest integer equal to or larger than x.

—
FIRST_TRANSITION_FIELD is L-STF (for HT-mixed format) or HT-GF-STF (for HT-greenfield format)

—
SECOND_TRANSITION_FIELD is L-LTF (for HT-mixed format) or HT-GF-LTF1 (for HT-greenfield format)

—
TRAINING_FIELD is L-LTF (for HT-mixed format) or HT-LTF1 (for HT-greenfield format) windowed in a manner which should approximate the windowing described in 17.3.2.4 with TTR = 100 ns. 

—
TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH is 80 ns (for a CH_BANDWIDTH parameter equal to HT_CBW20) or 80 ns (for a CH_BANDWIDTH parameter equal to HT_CBW40).

NOTE — The indicated windowing applies to the time of departure accuracy test equipment, and not the transmitter or receiver.

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 when the first frame energy is sent by the transmitting port and the TIME_OF_DEPARTURE_UNITS parameters within the TXSTATUS vector.

Insert a new Annex after the last Annexand renumber appropriately:

Annex U

(informative)

U.1 Location via Time Difference of Arrival

The location of a device may be determined in multiple methods, including 

· its signal strength at different sensors 
· the time of flight between the device and different sensors

· the time difference of arrival between the device and pairs of sensors

A typical implementation of the time difference of arrival method requires that the sensors are co-channel, have synchronized clocks, and receive the same transmission from the device. The sensors’ time of arrival measurements are shared, and the device location is determined via multilateration: i.e. each pair of sensor measurements provides a time difference of arrival measurement that represents a hyperbola in 2D space of most likely candidate locations, and the overlap of the multiple hyperbola from multiple pairs of sensors leads to the location estimate. The single time of departure is not relevant in this typical multilateration implementation as it is canceled out when time differences of arrival are computed.
When the sensors are on different channels, such as APs in a typical multi-channel deployment, the device must transmit on each channel and thus with multiple times of departure. In this environment it is necessary for the device to advertise each time of departure so that it can be subtracted from the times of arrivals measured by sensors on different channels. Furthermore, the device’s clock frequency typically does not match the clock frequency of the synchronized sensors, and so the device should transmit on the same channel multiple widely spaced times in order for the sensors to estimate the device’s clock frequency relative to themselves and to be able to suitably scale the device’s advertised times of departure. 
An example transmission sequence comprises frames transmitted on channels 1, 6, 11, 1 at 2.4 GHz. From this, the device’s clock frequency can be determined relative to the synchronized APs on channel 1, and all APs on channels 1, 6 and 11 can measure a time of arrival. These four transmissions enable a single locaiton calculation. The Time of Departure Accuracy test in Annex U.2 is designed to measure errors within such a transmission sequence that would degrade a multi-channel time difference of arrival location scheme. 
U.2 Time Difference of Departure accuracy test

The Time Difference of Departure accuracy test is an informative description of how time difference 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 11.20.5). 

The Time Difference of Departure accuracy test is parameterized by the following test parameters:

—
TIME_OF_DEPARTURE(j,i), 1 <= j <= 500, 1 <= i <= I (scalar entries)

—
MULTICHANNEL_SAMPLING_RATE (scalar)
—
FIRST_TRANSITION_FIELD(j,i), 1 <= j <= 500, 1 <= i <= I (waveform entries)
—
SECOND_TRANSITION_FIELD(j,i), 1 <= j <= 500, 1 <= i <= I (waveform entries)
—
TRAINING_FIELD(j,i), 1 <= j <= 500, 1 <= i <= I (waveform entries)
—
TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH (scalar)
TIME_OF_DEPARTURE(j,i) is exposed externally through the TOD Timestamp field in the Time of Departure subelement in Location Track Notification frames
.
The Time Difference of Departure accuracy test is performed as follows or in an equivalent or more accurate manner.

The Time Difference of Departure accuracy test is performed by instrumentation capable of converting signals transmitted on one or more channels into a stream of complex samples at fs sample/s or more, with sufficient accuracy in terms of I/Q arm amplitude and phase balance, dc offsets, phase noise, etc, and at a fixed delay from the transmitter. The minimum sampling rate is MULTICHANNEL_SAMPLING_RATE sample/s respectively. A possible embodiment of such a setup is converting the signal to a low IF frequency with a cabled microwave synthesizer, sampling the signal with a digital oscilloscope and decomposing it digitally into quadrature components. The sampled signal is processed in a manner similar to an actual time of arrival processor, according to the following steps:
TGv editor: carefully implement the following subscripts, superscripts, italics, bolds, etc
a) Repeat steps b) to j) indexed by j = 1, … , 500

b) Repeat steps c) to i) indexed by i = 1, … , I 
c) Start of frame is detected.

d)
Channel number, coarse and fine frequency offsets are estimated.

e)
The packet is derotated according to estimated frequency offsets.

f)
The transition from FIRST_TRANSITION_FIELD(j,i) to SECOND_TRANSITION_FIELD(j,i) is detected; and fine timing (with one sample resolution) is established.

g)
The TRAINING_FIELD(j,i) of the derotated signal is up-sampled to meet the TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH requirement. For example, a TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH of 1ns requires up-sampling at least 1 GHz. 

h)
The up-sampled signal is cross-correlated with a reference waveform of the TRAINING_FIELD(j,i) 

i)
The measured time of departure xj,i is determined from the time of the peak of the magnitude of the cross-correlation.
Note: the time of the peak of the magnitude of the cross-correlation is actually a time of arrival measurement, which equals the time of departure up to a fixed delay. Since the fixed delay is removed within step j), the fixed need not be known or explicitly compensated for.
j
)
Having repeated steps c) to i) I times, the (j,i)th time of departure error ej,i is calculated as TIME_OF_DEPARTURE(j,i) minus the synchronized time of departure. Defining xj = [xj,1,..,xj,I]T as the I measured times of departure, y = [TIME_OF_DEPARTURE(j,1), … TIME_OF_DEPARTURE(j,I)]T, ej = [ej,1,  ej,I]T are the I time of departure errors and Xj = [1Ix1, xj], where 1Ix1 is an Ix1 matrix of ones, then the relative clock intercept, rcij, and slope, rcsj, between device and instrumentation are determined as the linear least squares line of best fit: i.e. [rcij, rcsj]T = (XjTXj)-1XjTyj. With these definitions and calculations, the synchronized time of departure sj = [sj,1,..,sj,I]T equals rcsj×xj + rcij×1Ix1, and so the I time of departure errors equal ej = yj  - sj. 
k)
Having repeated steps b) to j) 500 times, there are 500×I values of the time of departure errors e = [e1,1,  e500,I] 
l)
The Time of Departure accuracy test is passed if (1) the RMS value of e is less than aTxPmdTxStartRMS, and (2) aTxPmdTxStartRMS is less than TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH, where the units of e, aTxPmdTxStartRMS, and TIME_OF_DEPARTURE_ACCURACY_TEST_THRESH are properly accounted for.
NOTE 1 — One possible implementation of a time of departure measurement system is a free-running oscillator clocking (a) the digital-to-analog converter(s) used to transmit the packet, (b) a 32-bit continuously-counting counter and (c) a hardware finite state machine such that PMD_TXSTART.request causes a transition within the FSM which in turn causes frame transmission at the DACs a fixed number of cycles later; where the time of departure is recorded as the value of the counter at that transition minus aTxPmdTxStartRFDelay (converted to TIME_OF_DEPARTURE_UNITS), where aTxPmdTxStartRFDelay can vary by channel. In this implementation, the principal source of time of departure error is short term oscillator imperfection (e.g. phase noise) and RF group delay variation across channels uncompensated by aTxPmdTxStartRFDelay.

NOTE 2 — 1 ns of time of departure error corresponds to approximately 0.3 m of distance error, so high location accuracy depends upon a tight time of departure standard deviation.
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