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A proposed fix for CIDs #10, 63 & 64.
5.5.7.4.6 PHY deferral of the computations for self calibration.

As discussed in 5.5.7.4.4, the SOUNDING primitives provide a mechanism to offload from the PHY the computational burden of analyzing a channel sounding for the leading edge of an arriving signal.  A very similar problem arrises in the self calibration of a ranging UWB PHY.  One excellent technique for self calibration is the “sounding” of a loop-back path in the radio.  In this technique, the PHY actually transmits to itself through reflections associated with the transmission path (like a Transmit / Receive switch, or the antenna itself).  When using this technique, the issue comes up again that it can be computationally intense to discover the moment of arrival of the (often small) amplitude disturbances associated with elements in the path to the antenna.  Implementers are free to handle this computational effort in the PHY if they choose to.  On the other hand, the SOUNDING mechanism can be used to offload this computational burden to a higher layer.   When performing a sounding for leading edge computation, the instant associated with time zero is the point associated with signal tracking.  Sounding for calibration is slightly different in that the time associated with zero is the launching of the pulse event from logic at the level of the ranging counter.  

5.5.7.6 Accounting for internal propagation paths 

Section 5.5.7.3 introduced the ranging counter for measuring events at the device antenna very precisely.  As actually implemented, it cannot be that simple.  What the PHY really has (typically) is a counter somewhere in the digital section of the PHY and a bunch of correction values stored in registers and some arithmetic hardware to apply the correction values.  The end result of all this is that it appears (from the numbers reported) that the PHY has a counter which is somehow magically positioned right at the antenna of the device and is taking snapshots of the counter values for events as they happen right at the antenna.  That’s important, because the computation is supposed to be for the time of flight through the air, not through some impedance matching network feeding an antenna.  Subtracting the correcting values for internal propagation times is not hard.  What is hard is actually knowing the values of the {internal} propagation times.  {The standard provides a CALIBRATE mechanism (involving both MLME and PLME primitives) which allows an application to cause a PHY (at a time that the application chooses) to invoke whatever capability that the PHY might have to characterize the internal propagation times of the PHY.} Inclusion of a device capability for antenna loop-back with an associated self calibration algorithm is encouraged, but beyond the scope of the standard.  A defensively written ranging application can maintain tables of correction factors at the computation nodes where the table entries are individually associated with the unique devices it is using for ranging.  In this way, the application can compensate (after the fact) for devices in the ranging environment that may have done a poor job of self calibration.

5.5.7.6.1  PIB attributes for internal propagation paths. 
The Standard provides a defined place to go to for the correction factors characterizing the delays of the internal porpogation paths.  There are two separate PHY PIB attributes that separately cover the Transmit and receive paths.  The least significant bit of these values represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz  This time interval represents about half a centimeter of travel at the speed of light and is the same size as used throughout the ranging computations.  The intended use of these PIB attributes is for them to be written by the application at a time of the applications’ choosing and for the values to stay with the device until re-written.  One possible way for the application to learn what values to write to the PIB attributes is to invoke the CALIBRATE primitives.  As always, implementers are free to do as they like and the standard does not mandate that the CALIBRATE primitives be used. The standard simply makes them available for use if desired.
5.5.7.6.2  Support for Self Calibration and one-way ranging. 

As discussed in 5.5.7.2, the standard does not preclude position awareness through one way ranging.  Successful one way ranging requires that the internal propagation paths to the transmit antenna and from the receive antenna be accounted for separately.  The PHY PIB attribute phyTx_RMARKER_Offset represents the time from internal ranging counter to the transmit antenna.  Likewise, the PHY PIB attribute phyRx_RMARKER_Offset represents the time from the receive antenna to the internal ranging counter.

5.5.7.6.3  Use of the Calibrate primitives.

The Calibrate.confirm primitives return either the values that are correct for the RMARKER offsets, if the PHY takes care of all computations itself, or the status COMPUTATION_NEEDED.  The actual implementation of the self calibrate could be as simple as returning hardwired values for the RMARKER offsets.  In this situation, the hardwired values would be selected by the vendor at the time of device manufacture to represent a best guess of what the offsets might ultimately be.  Alternatively, the self calibrate implementation might involve a full channel sounding of a loop-back path and a sophisticated pattern matching algorithm to determine from the sounding waveform when an internally generated pulse reflected back from an antenna.  In either of the two scenarios above, the status COMPUTATION_NEEDED would not be used because either (in the first case) the calibrate implementation was so crude that there was nothing to do, or (in the second case) the calibrate implementation was so sophisticated that the PHY took care of all of the computations without assistance.
5.5.7.6.4  Use of the COMPUTATION_NEEDED status. 

Section 5.5.7.6.2 described two extreme implementations of PHY self calibrate.  The standard supports a reasonable middle ground implementation where the PHY does a channel sounding of a loopback path using the same hardware resources as normally used for leading edge scanning, but then the PHY defers the actual computations associated with the channel sounding to a higher layer.  As discussed in 5.5.7.4.5 the computations associated with processing a channel sounding can be numerically intense and may well be beyond the resources of a particular PHY implementation.

When the higher layer receives a status of COMPUTATION_NEEDED in response to a Calibrate.request, the higher layer will then use the Sounding primitives (see 5.5.7.4.6) to get a list of SoundingPoints from the PHY.  The higher layer will then process the SoundingPoints to determine the values of the RMARKER offsets.
Table 9—PMLE-SAP primitives
	PLME-SAP primitive
	Request
	Confirm

	PLME-DPS
	6.2.2.11
	6.2.2.12

	PLME-SOUNDING
	6.2.2.13
	6.2.2.14

	PLME-CALIBRATE
	6.2.2.15
	6.2.2.16


***************************************

While we’re edition things, there is a typo in 6.2.2.14 that needs to be fixed:

6.2.2.14 PLME-SOUNDING.confirm (UWB PHYs only)

The PLME-SOUNDING.confirm primitive reports the result of a request to the PHY to provide channel

sounding information. The PLME-SOUNDING.confirm is optional except for implementations providing

ranging.
****************************************

6.2.2.15 PLME-CALIBRATE.request (UWB PHYs only)

The PLME-CALIBRATE.request primitive attempts to have the PHY respond with RMARKER offset information.  The PLME-CALIBRATE.request is optional except for implementations providing ranging.

6.2.2.15.1 Semantics of the service primitive

The semantics of the PLME-CALIBRATE.request is as follows:

PLME-CALIBRATE.request
(

)

6.2.2.15.2 Appropriate usage

The PLME-CALIBRATE.request primitive is generated by the MLME and issued to its PLME to request a

PLME-CALIBRATE.confirm.

6.2.2.15.3 Effect on receipt

If the feature is supported in the UWB PHY, the PLME will issue the PLME-CALIBRATE.confirm with a

status of SUCCESS and a pair of integers calRx_RMARKER_Offset  and calRx_RMARKER_Offset. 

If the PLME-CALIBRATE.request is generated by the MLME when there is no information present which

can include the case when the PHY is in the process of performing a measurement, the PLME will issue the

PLME-CALIBRATE.confirm primitive with a value of NO_DATA.

If the PLME-CALIBRATE.request is generated by the MLME and the phy does not support automous self calibration, the PLME will issue the PLME-CALIBRATE.confirm primitive with a value of

COMPUTATION_NEEDED.  The COMPUTATION_NEEDED signals the higher layer that it should use the Sounding primitives to finish the calibration (see 5.5.7.6.3).

If the PLME-CALIBRATE.request is generated by the MLME and the channel sounding capability is not

present in the PHY, the PLME will issue the PLME-CALIBRATE.confirm primitive with a value of

UNSUPPORTED_ATTRIBUTE.

6.2.2.16 PLME-CALIBRATE.confirm (UWB PHYs only)

The PLME-CALIBRATE.confirm primitive reports the result of a request to the PHY to provide internal propogation path information. The PLME-CALIBRATE.confirm is optional except for implementations providing ranging. 

6.2.2.16.1 Semantics of the service primitive

The semantics of the PLME-CALIBRATE.confirm is as follows:

PLME-CALIBRATE.confirm
(

Status,

calTx_RMARKER_Offset, calRx_RMARKER_Offset,

)

Table 18d specifies the parameter for the PLME-CALIBRATE.confirm primitive.

6.2.2.16.2 When generated

The PLME-CALIBRATE.confirm primitive is generated by the PLME and issued to its MLME in response

to a PLME-CALIBRATE.request primitive. The PLME-CALIBRATE.confirm primitive will return a status of SUCCESS, indicating channel propagation time information is available and part of the PLME-CALIBRATE.confirm primitive parameters, or a status of COMPUTATION_NEEDED if the PHY lacks the computational resources to determine the offsets, or an error code of NO_DATA or UNSUPPORTED_ATTRIBUTE.

.

6.2.2.16.3 Appropriate usage

On receipt of the PLME-CALIBRATE.confirm primitive, the MLME is notified of the results of the self-calibrate information request. If the RMARKER offset information was available, the status parameter is set to SUCCESS. If the PHY performed a sounding of a loop back path but lacks the computational resources to complete the processing of the sounding data, the status parameter is set to COMPUTATION_NEEDED. Otherwise, the status parameter will indicate an error.

Table 18d – PLME-CALIBRATE.confirm parameters
	Name
	Type 
	Valid range
	Description

	Status
	Enumeration
	SUCCESS, COMPUTATION_NEEDED, NO_DATA, UNSUPPORTED_ATTRIBUTE
	The status of the attempt to return sounding data,

	calTx_RMARKER_Offset
	Unsigned Integer
	0x00000000 - 0xFFFFFFFF
	A 4 octet count of the propagation time from the ranging counter to the transmit antenna.   The least significant bit of a time value represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz.

	calRx_RMARKER_Offset
	Unsigned Integer
	0x00000000 - 0xFFFFFFFF
	A 4 octet count of the propagation time from the receive antenna to the ranging counter.   The least significant bit of a time value represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz.


Insert the following subclause:

6.4.2.2 PIB values phyTx_RMARKER_Offset, phyRx_RMARKER_Offset  for UWB

For the UWB PHY types, the values for these PIB attributes represents the internal propagation times. 

PhyTx_RMARKER_Offset is a 4 octet count of the propagation time from the ranging counter to the transmit antenna.   The least significant bit represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz.
PhyRx_RMARKER_Offset is a 4 octet count of the propagation time from the receive antenna  to the ranging counter.   The least significant bit represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz.
Table 23—PHY PIB attributes

	Attribute
	Identifier
	Type 
	Range
	Description

	phyTx_RMARKER_Offset
	0x1D
	Integer
	0x00000000 – 0xFFFFFFFF
	A 4 octet count of the propagation time from the ranging counter to the transmit antenna.   The least significant bit of a time value represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz.

	phyRx_RMARKER_Offset
	0x1E
	Integer
	 0x00000000 – 0xFFFFFFFF
	A 4 octet count of the propagation time from the receive antenna to the ranging counter.   The least significant bit of a time value represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz.


Still need to do the Calibrate MLME stuff.
**************************************************
A proposed fix for CID #43

5.5.7.4.5 PHY deferral of the computations for leading edge search

As discussed in 5.5.7.4, the standard provides a mechanism to optionally allow the PHY to pass the computational burden of leading edge processing to a higher layer. If the computations are not done in the PHY, then the value in the timestamp report for UWBRangingCounterStart is not corrected for the leading edge and the UWBRangingFOM value is set to 0x80. This value of the FoM signals the higher layer that the UWBRangingCounterStart value has not been corrected and that it will be necessary for the higher layer to compute a correction based on data acquired using the SOUDING primitives. The higher layer issues a MLME-SOUNDING.request which in turn causes a PLME-SOUNDING.request. The associated MLME and PLME SOUNDING.confirm responses return a list of {SoundingPoints where each SoundingPoint is a pair of integers representing}data taken by the PHY at time offsets from the point on the waveform represented by the uncorrected value in UWBRangingCounerStart. A time of zero in the list designates an amplitude value taken at the point indicated by UWBRangingCounterStart. Positive time values indicate amplitudes which occurred earlier in time than the zero point. The least significant bit of a time value represents 1/128 of a chip time at the mandatory chipping rate of 499.2 MHz. The amplitude values do not represent any particular voltage. They are only meaningful in a relative sense and in the context of each other. The values are linear (not logarithmic). The amplitude values are all consistent with each other. For example, it is perfectly fine if an Automatic Gain Control (AGC) circuit changed the gain during the measurement of the amplitudes, so long as the numbers are corrected by the PHY to "take out" the effect of the gain change and the numbers returned in a SOUNDING.confirm are the values that would have been measured had the gain been perfectly stable and unchanged for all measurements. The list of measurements returned by the SOUNDING.confirm begins with the size of the list. The maximum size which can be represented is 65 K value pairs. That large value is only because a single octet would not be adequate to represent lists larger than 255 pairs. In practical systems, lists larger than 255 pairs can occure. Two octets is the next choice to represent the list size, but that does not mean that lists approaching 65K pairs would be normal. There is no particular acceptable or unacceptable list size. Generally, more is better: see section 5.5.7.4.1. In the case where the PHY is deferring the leading edge computation to an upper layer, the PHY does not assign a FoM to the timestamp report. That does not mean that a FoM is unneeded by algorithms at the higher layers, it just means that the PHY will not be the source. In cases where the PHY defers computation, the upper layer will typically compute a FoM for itself based on the size and quality of the list returned with the SOUNDING.confirm primitive.

6.2.2.14.1 Semantics of the service primitive

The semantics of the PLME-SOUNDING.confirm is as follows:

PLME-SOUNDING.confirm
(

Status,

SoundingSize,

SoundingList

)

Replace the Draft 3 Table 18c with a new table given below.
Table 18c – PLME-SOUNDING.confirm parameters
	Name
	Type 
	Valid range
	Description

	Status
	Enumeration
	SUCCESS, NO_DATA, UNSUPPORTED_ATTRIBUTE
	The status of the attempt to return sounding data,

	SoundingSize
	Unsigned Integer
	0x0000 - 0xFFFF
	Number SoundingPoints to be returned.  Each SoundingPoint is 4 octets. 

	SoundingList
	List of pairs of integers
	0x00000000 - 0xFFFFFFFF for each element in the list.  Each element in the list is a SoundingPoint.
	The list of sounding measurements.  [See 5.5.7.4.5] Each SoundingPoint in the list is 4 octets.  The most significant pair of octets represents the SoundingTime associated with the sounding measurement and the least significant pair of octets is the SoundingAmplitude integer representing the amplitude of the sounding measurement. The least significant bit of the SoundingTime represents a nominal 16ps (1/127 of a chip time).  The SoundingAmplitude integers are relative measurements and have no absolute meaning.


7.1.16.2b.1 Semantics of the service primitive

The semantics of the MLME-SOUNDING.confirm is as follows:

MLME-SOUNDING.confirm
 (

Status,

SoundingSize,

SoundingList,


)
Table 77d—MLME-SOUNDING.confirm primitive parameters
	Name
	Type 
	Valid range
	Description

	Status
	Enumeration
	SUCCESS, NO_DATA, UNSUPPORTED_ATTRIBUTE
	The status of the attempt to return sounding data,

	SoundingSize
	Unsigned Integer
	0x0000 - 0xFFFF
	Number SoundingPoints to be returned.  Each SoundingPoint is 4 octets. 

	SoundingList
	List of pairs of integers
	0x00000000 - 0xFFFFFFFF for each element in the list.  Each element in the list is a SoundingPoint.
	The list of sounding measurements.  [See 5.5.7.4.5] Each SoundingPoint in the list is 4 octets.  The most significant pair of octets represents the SoundingTime associated with the sounding measurement and the least significant pair of octets is the SoundingAmplitude integer representing the amplitude of the sounding measurement. The least significant bit of the SoundingTime represents a nominal 16ps (1/127 of a chip time).  The SoundingAmplitude integers are relative measurements and have no absolute meaning. 


**************************************************

A proposed fix for CID #11
5.5.7.2.1 Processing sequential arriving RFRAMES
Section 5.5.7.2 says that the PHY will initiate a PD-DATA.indicate for all arriving RFRAMES.  That can be thought of as a great goal and if the RFRAMES arrive infrequently it is a very achievable goal.  However, the PHY does not get to choose how quickly a sequence of  RFRAMES might arrive and in real world applications, the RFRAMES can come roaring in faster than the PHY can deal with them.  The processing time for an RFRAME is very dependent on the implementation of the PHY.   While the PHY has no control over the inter-arrival time of RFRAMES, the application very well might.  The application can discover the RFRAME processing time by reading the PHY PIB attribute phyRFRAMEProcessingTime.
The intended use of this attribute is that if an application discovers the processing capabilities of the devices in the network it can structure the traffic so that devices are not overrun.   The PIB value is a single octet and the lsb nominally represents 4 ms.  This means that the maximum value is a nominal second.  .  The only purpose is to help prevent overruns, so there is no need for high precision in expressing this value. 
Table 23—PHY PIB attributes

	Attribute
	Identifier
	Type 
	Range
	Description

	phyRFRAMEProcessingTime
	0x1F
	Integer
	0x00 – 0xFF
	A single octet count of the processing time required by the PHY to handle an arriving RFRAME. The least significant bit represents 4 ms.  The meaning of the value is that if a sequence of RFRAMES arrive separated by phyRFRAMEProcessingTime, then the PHY can keep up with the processing indefinitely.
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