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Calculating parameters macAckWaitDuration and macMaxFrameTotalWaitTime for the UWB PHY types
Author: Ben Rolfe, Zhen Bin, et al.
Date: 21 June 2006

Introduction and Background

In draft 2 of 15.4a, macAckWaitDuration and macMaxFrameTotalWaitTime are used and defined in principle but no value is given for the UWB PHY, which will be different than for existing 802.15.4 PHYs. The calculation of macAckWaitDuration depends on the maximum frame duration, which for UWB depends on several PHY PIB attributes which vary depending on operating mode.  
As it happens, these PIB parameters (phyMaxFrameDuration, phySHRDuration) are a bit more involved to determine for the UWB PHY than for the other PHY types.  To clarify this in the 4a draft, this submission proposes to modify the existing text in MAC section 6.4.2 (PHY PIB) and 7.4.2 (MAC constants)  and add a sub-clause to the PHY PIB section to clarify determination of the affected PIB attributes. 
This note is based on many contributions by TG4a members.  Significant contributions came from Vern Brethour (pointing out the problem), Zehn Bin (providing the calculations for the optional UWB CCA mode, and in correcting my omissions and errors),  Lars Menzer (also pointing out errors and omissions), and Jay Bain (pulling it all together in a form that could be put in the 4a draft).
This note has evolved into the “storage point” for capturing the technical reasons for the text that appears in the P802.15.4a draft, and providing the details behind the text and formula. 
See also 15-06-0353-00-004a, “Calculating PHY and MAC PIB Attributes for the CSS PHY” for the related timing discussion with respect to the CSS PHY of 15.4a.
Technical Discussion

PHY Frame Duration
In the original 802.15.4 PHY there is one symbol duration for all PHY modes and all parts of the PHY frame. Thus it is easy to see the relationship between symbol times and actual time. All the relevant PHY and MAC timing are expressed in number of symbols. In the UWB PHY, there are many possible symbol durations, and in a given frame, different symbol rates for synchronization header (SHR), PHY header (PHR) and data part (PSDU). Further, the optional UWB CAA mode 6 extends the PHY frame by inserting preamble symbols interspersed with the data part of the frame. Thus to accurately know the time over the air of a PHY frame, one must calculate four separate parts and add it all up.

In the existing MAC, it is expected that timing parameters are expressed in symbol times. To preserve the integrity of the MAC, we can approximate the actual time by choosing the duration of the preamble symbol (appropriate to the channel in use) as the “reference symbol” duration, and thus convert actual time into number of symbols.  This introduces less accuracy but is “close enough” because the resulting error will be safe (i.e. timeouts will be slightly longer than necessary). 

phySHRDuration

The actual time for the SHR duration is (refer to 6.4.2):

phySHRDurationηs = TSHR + TPHR
The PHY PIB attribute phySHRDuration should be expressed in number of symbols. We can use the value Tpsym appropriate for the channel, thus 

phySHRDuration = (TSHR + TPHR) / Tpsym
This is not completely accurate as symbol duration for SHR and PHR are different, but not very different as the PHR is sent using the nominal 1Mb/sec data rate for the channel. Tpsym will be the shorter time, thus the resulting count will be slightly larger (longer) so the error is in the “safer” direction, making this an acceptable approximation. 
macAckWaitDuration
For the UWB PHY we can use the 15.4 defintion, adjusted for the 2 octet PHR and our new definition of phySHRDuration: 

macAckWaitDuration = aTurnaroundTime + phySHRDuration + ceil(7* phySymbolsPerOctet); 
This is not precisely correct, as the symbol duration for data symbols used to send the data part and PHR. In the case of the ACK the duration of the data part (7 octets) is small compared to the SHR duration, so the approximation will be adequate. 
Proposed Text Changes

6.4.2 Change rows in table Table 23—PHY PIB attributes
	Attribute 

	Identifier
	Type
	Range
	Description

	phyMaxFrameDuration†
	0x05
	Integer
	53, 206,

258, 1032

	The maximum number of symbols in a frame. For all non-UWB PHY ypes: = 

phySHRDuration +

ceiling([aMaxPHYPacketSize + 1] * phySymbolsPerOctet)
For UWB PHY types, see subclause 6.4.2.1

	phySHRDuration†
	0x06 
	Integer
	3, 7, 10, 40
	The duration of the synchronization

header (SHR). For non-UWB PHYs types, constant in symbols for the current PHY. For UWB PHY types


	
	
	
	
	


Add sub-clause to 6.4.2

6.4.2.1  PID values phyMaxFrameDuration, phySHRDuration  for UWB
For the UWB PHY types, the values for these PIB attributes varies depending upon the UWB PHY operating mode.  The symbol duration varies by data rate and is different for preamble symbols and body symbols. Also note that the preamble and PHY header are sent at a different data rate than the body.
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The values for Tpsym and Tdsym are given in tables 39a and 39c. 

The actual time for the SHR duration is (refer to 6.4.2):

phySHRDurationηs = TSHR + TPHR
The PHY PIB attribute phySHRDuration should be expressed in number of symbols. We can use the value Tpsym from Table 39b appropriate for the channel, thus 

phySHRDuration = (TSHR + TPHR) / Tpsym
Add to section 7.4.2 (reference 4bD6):

For the UWB PHY the formula for macAckWaitDuration: 

macAckWaitDuration = aTurnaroundTime phySHRDuration + ceil(7* phySymbolsPerOctet);

For UWB PHY types, macMaxBE, macMaxCSMABackoffs  amd m in eqn 16 become zero, so the forumula reduces to:

macMaxFrameTotalWaitTime = phyMaxFrameDurationηs /Tpsym

where phyMaxFrameDuationUs is also given in section 6.4.2.1 and where Tpsym  is from table 39b appropriate for the channel, PRF and preamble code.
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