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Abstract

This document contains the material proposed to GTE for inclusion in the draft in the form of insertions into and replacements for material in of IEEE Std 802.11-1999, as updated by IEEE Std 802.11a-1999, IEEE Std 802.11b-1999 (already present in r0 and r1).
Editorial notes appear in bold italic Times New Roman font, informative notes appear in normal Arial font, and normative text appears in normal Times New Roman font.  Open issues are highlighted using red text in normal Arial font, and begin with "OPEN ISSUE:".  Changes to existing text in current standard are shown underlined and in red for additions and red with strikethrough for deletions.
Insert subsection in section 3 as follows:

3.xx Universal station (USTA)

Universal station refers to either an STA or an ESTA.

Insert subsection in section 3 as follows:

3.xx Urgency class (UC)

Urgency classes are a mechanism by which the MAC differentiates frames of different priorities and traffic categories. Each priority value is mapped to an urgency class as defined in section 6.2.1.1.2.

Modify text in  6.2.1.1.2 as follows:

6.2.1.1.2 Semantics of the service primitive

…

· The starting point for the following text is from 0360-06-r38-Prop_Clause_6.doc

The priority parameter specifies the priority or traffic category desired for the data unit transfer. IEEE 802.11 allows two values: Contention or ContentionFree. IEEE 802.11E allows ten values: the integers between and including 0 and 7 as well as the values allowed by IEEE 802.11.

Priority values map to urgency class as follows:

	Priority Value
	Urgency Class

	1
	0

	2
	0

	0 (Default)
	1

	3
	1

	4
	2

	5
	2

	6
	3

	7
	3

	Contention
	Defined in Section 7.3.2.9

	ContentionFree
	Not mapped since frames with this priority are not transmitted during the contention period.


Table 5—Priority to Urgency Class mapping

Modify text in  7.2.3.1 as follows:

7.2.3.1 Beacon Frame format 
Table 5 – Beacon Frame Body
	
	Order
	Information
	Notes

	
	1
	Timestamp
	

	
	2
	Beacon Interval
	

	
	3
	Capability Information
	

	
	4
	SSID
	

	
	5
	Supported Rates
	

	
	6
	FH Parameter Set
	The FH Parameter Set information element is only present within Beacon Frames generated by STAs using Frequency Hopping PHYs.

	
	7
	DS Parameter Set
	The DS Parameter Set information element is only present within Beacon Frames generated by STAs using Direct Sequence PHYs.

	
	8
	CF Parameter Set
	The CF Parameter Set information element is only present within Beacon Frames generated by APs supporting a PCF.

	
	9
	IBSS Parameter Set
	The IBSS Parameter Set information element is only present within Beacon Frames generated by STAs in an IBSS.

	
	10
	TIM
	The TIM information element is only present within Beacon Frames generated by APs.

	
	11
	EDCF Parameter Set
	The EDCF Parameter Set element is only present within Beacon frames generated by ESTAs in a BSS that supports EDCF.


Modify text in  7.2.3.9 as follows:

7.2.3.9 Probe Response frame format

Table 12—Probe Response frame body

	
	Order
	Information
	Notes

	
	1
	Timestamp
	

	
	2
	Beacon Interval
	

	
	3
	Capability Information
	

	
	4
	SSID
	

	
	5
	Supported Rates
	

	
	6
	FH Parameter Set
	The FH Parameter Set information is only present within Probe Response Frames generated by STAs using frequency-hopping PHYs.

	
	7
	DS Parameter Set
	The DS Parameter Set information element is only present within Beacon Frames generated by STAs using Direct Sequence PHYs.

	
	8
	CF Parameter Set
	The CF Parameter Set information is only present within Probe Response Frames generated by APs supporting a PCF.

	
	9
	IBSS Parameter Set
	The IBSS Parameter set information is only present within Probe Response Frames generated by STAs in an IBSS.

	
	10
	EDCF Parameter Set
	The EDCF Parameter Set element is only present within Probe Response frames generated by ESTAs in a BSS that supports EDCF.


Insert section after 7.3.2.8 as follows:

7.3.2.9 EDCF Parameter Set element

THE EDCF Parameter Set element contains information necessary to support the EDCF. The information field contains the contention priority mapping (CPM) index and the access control information for each of the urgency classes supported in this BSS as a set of tuples (UCIi).   The total length of the information field is 29 octets.  See Figure XX.
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Figure XX—EDCF Parameter Set element format

[image: image24.bmp]
Figure XX—Urgency Class Information (UCIi) Tuple format

The CPM field is one octet in length and contains the index of the urgency class that ESTAs shall use to transmit a frame with priority “Contention”. 

The TxOp limit field is 2 octets in length and specifies the time limit, in units of microseconds, for TxOps in the Contention Period.  ESTAs shall not initiate any frame exchange sequence that will exceed this time during the Contention Period.  A TxOp limit value of 0 indicates there is no time limit on the TxOp.

The Urgency Class Information (UCIi) fields are each 6 octets in length and contain parameters defining the Urgency Classes.

The ASCi (Arbitration Slot Count) field is one octet in length and indicates the number of slots contained in the Urgency Arbitration Time (UAT) for this urgency class, as defined in 9.2.3.5.

The CWPFactori (Contention Window Persistence Factor) field is one octet in length and indicates the factor in units of 1/16 ths, by which CWi is scaled on every unsuccessful attempt to transmit an MPDU or an MMPDU of urgency class i as defined in 9.2.4.2.

The CWSize i (Contention Window Size) field is 2 octets in length and indicates the range from which ESTAs draw an initial backoff count for an MPDU or an MMPDU of urgency class i as defined in 9.2.4.2. 

The TLTi (Transmit Lifetime) field is 2 octets in length and indicates the maximum number of time units (TUs)  allowed to transmit an MSDU of urgency class i.  The timer is started when the MSDU enters the MAC.
The values in this element are used by all ESTAs to update their current access control parameters (aASCi, aCWPFactori, aCWSizei, and aTLTi) for use during the contention period.  

The algorithm for selecting and adjusting the values that APs place in this element is beyond the scope of the standard.  A recommended method is described in Informative Annex XX.

Modify text in 9.2.3.4 as follows:

9.2.3.4 Extended IFS (EIFS)

The Extended Interface Space shall be used by the DCF whenever the PHY has indicated to the MAC that a frame transmission was begun that did not result in the correct reception of a complete MAC frame with a correct FCS value. The duration of an EIFS is defined in 9.2.10. The EIFS interval shall begin following indication by the PHY that the medium is idle after detection of the erroneous frame, without regard to the virtual carrier-sense mechanism. The EIFS is defined to provide enough time for another station to acknowledge what was, to this station, an incorrectly received frame before this STA commences transmission.  Reception of an error-free frame during the EIFS resynchronizes the station to the actual busy/idle state of the medium, so the EIFS is terminated and normal medium-access (using DIFS or a UAT and, if necessary, Backoff) continues following reception of that frame.

Insert section after 9.2.3.4 as follows:

3 Urgency arbitration time (UAT)

A UATi shall be used by ESTAs operating under the DCF to transmit data frames (MPDUs) and management frames (MMPDUs) of urgency class i. An ESTA using the DCF shall be allowed to transmit if its carrier sense mechanism (see 9.2.1) determines that the medium is idle at the TxUATi slot boundary as defined in 9.2.10 after a correctly received frame, and its backoff time has expired.  An ESTA using the DCF shall not transmit within an EIFS after it determines that the medium is idle following reception of a frame for which the PHYRX-END. indication primitive contained an error or a frame for which the MAC FCS value was not correct. An ESTA may transmit after subsequent reception of an error-free frame, resynchronizing the ESTA. This allows the ESTA to transmit using the longer of DIFS or a UATi following that frame.

The urgency arbitration time (UATi) for a packet of urgency class i is given by


UATi = aSIFSTime + aASCi x aSlotTime

where


aASCi is the arbitration slot count for urgency class i

Modify text as follows:

3 Random backoff time

While an STA supports only one urgency class of data MPDUs and/or management MMPDUs an ESTA supports 4 urgency classes of data MPDUs and/or management MMPDUs. Therefore, packets of different urgency classes contend internally within an ESTA for access to the medium.  In a STA the random backoff time described in this section applies to the frame at the head of the transmit queue while in an ESTA the random backoff time applies to the frame at the head of the transmit queue for each urgency class independently.

A STA USTA desiring to initiate transfer of data MPDUs and/or management MMPDUs shall invoke the carrier sense mechanism (see 9.2.1) to determine the busy/idle state of the medium.  If the medium is busy, the a USTA shall defer until the medium is determined to be idle without interruption for a period of time equal to DIFS for an STA, or UAT for an ESTA, when the last frame detected on the medium was received correctly., or If the medium is busy, an USTA shall defer until the after the medium is determined to be idle without interruption for a period of time equal to EIFS when the last frame detected on the medium was not received correctly. After this DIFS or EIFS medium idle time, the USTA shall then generate a random backoff period for an additional deferral time before transmittingdefer for any remaining backoff time., unless the backoff timer already contains a nonzero value, in which case the selection of a random number is not needed and not performed.  This process minimizes collisions during contention between multiple USTAs that have been deferring to the same event.

Backoff Time = (Random() + X) aSlotTime

where

Random() = Pseudorandom integer drawn from a uniform distribution over the interval [0,CW], where CW is an integer within the range of values of the PHY characteristics aCWmin and aCWmax, aCWmin CW aCWmax. It is important that designers recognize the need for statistical independence among the random number streams among USTAs.

aSlotTime = The value of the correspondingly named PHY characteristic.
X = 0

for all STAs and each ESTA urgency class with a value of ASC > 1.

X = 1

for each ESTA urgency class with a value of ASC = 1.
Insert section heading here to split into subsections:

3 Contention Window selection procedure for STAs

The contention window (CW) parameter shall take an initial value of aCWmin. Every STA shall maintain a STA short retry count (SSRC) as well as a STA long retry count (SLRC), both of which shall take an initial value of zero. The SSRC shall be incremented whenever any short retry count associated with any MSDU is incremented. The SLRC shall be incremented whenever any long retry count associated with any MSDU is incremented. The CW shall take the next value in the series every time an unsuccessful attempt to transmit an MPDU causes either STA retry counter to increment, until the CW reaches the value of aCWmax. A retry is defined as the entire sequence of frames sent, separated by SIFS intervals, in an attempt to deliver an MPDU, as described in 9.7. Once it reaches aCWmax, the CW shall remain at the value of aCWmax until it is reset. This improves the stability of the access protocol under high load conditions. See Figure 50.

Insert new section after 9.2.4.1:

3 Contention Window selection procedure for ESTAs

In a STA the contention window described in this section applies to a single transmit queue while in an ESTA the contention window applies to the transmit queue for each urgency class independently.  Separate contention window (CWi) parameters shall be maintained in an ESTA for each urgency class i.

Each CWi parameter shall take the initial value (aCWSizei – 1) for urgency class i, where aCWSizei is obtained from the EDCF element in Beacon frames. On every unsuccessful attempt to transmit an MPDU or an MMPDU of urgency class i an ESTA shall calculate a new CWi as follows,


new CWi = (((current CWi + 1) x (aCWPFactori/16)( - 1, where i is the urgency class of MPDU being retried.

After every successful attempt to transmit an MSDU or MMPDU of urgency class i, the associated CWi shall again take the value (aCWSizei – 1).

Each time an MSDU or MMPDU of urgency class i is discarded (see 9.2.5.3), the associated CWi shall also take the value (aCWSizei – 1).

3 Basic access

Modify text as follows:

Basic access refers to the core mechanism a STAa USTA uses to determine whether it may transmit.

In general, a USTA may transmit a pending MPDU when it is operating under the DCF access method, either in the absence of a PC, or in the CP of the PCF access method, when the STA or ESTA determines that the medium is idle for greater than or equal to a DIFS period or a UAT period respectively, or an EIFS period if the immediately preceding medium-busy event was caused by detection of a frame that was not received at this STA with a correct MAC FCS value. If, under these conditions, the medium is determined by the carrier sense mechanism to be busy when a USTA desires to initiate the initial frame of one of the frame exchanges described in 9.7, exclusive of the CF period, the random backoff algorithm described in 9.2.5.2 shall be followed. There are conditions, specified elsewhere in Clause 9, where the random backoff algorithm shall be followed even for the first attempt to initiate a frame exchange sequence.

In a STA having an FH PHY, control of the channel is lost at a dwell time boundary and the STA shall have to contend for the channel after the dwell boundary. It is required that STAs having an FH PHY complete transmission of the entire MPDU and associated acknowledgment (if required) before the dwell time boundary. If, when transmitting or retransmitting an MPDU, there is not enough time remaining in the dwell to allow transmission of the MPDU plus the acknowledgment (if required), the STA shall defer the transmission by selecting a random backoff time, using the present CW (without advancing to the next value in the series). The short retry counter and long retry counter for the MSDU are not affected.

Old figure goes here.

Figure 51—Basic access method for STA
[image: image25.bmp]
Figure XX—Basic access method for ESTA

3 Backoff procedure

Modify text as follows:

The backoff procedure shall be invoked for a USTA to transfer a frame when finding the medium busy as indicated by either the physical or virtual carrier sense mechanism (see Figure 52). The backoff procedure shall also be invoked when a transmitting USTA infers a failed transmission as defined in 9.2.5.7 or 9.2.8.

To begin the backoff procedure, the STA shall set its Backoff Timer to a random backoff time using the equation in 9.2.4. All backoff slots occur following an idle  DIFS period. during that the medium is determined to be idle for the duration of the DIFS period, or following an EIFS period during which the medium is determined to be idle for the duration of the EIFS period following detection of a frame that was not received correctly.
An ESTA shall begin its backoff procedure setting a Backoff Timer for each urgency class to a random backoff time using the equation in 9.2.4. All backoff slots occur following an idle period that is UATi for urgency class i.

A USTA performing the backoff procedure shall use the carrier sense mechanism (9.2.1) to determine whether there is activity during each backoff slot. If no medium activity is indicated for the duration of a particular backoff slot, then the backoff procedure shall decrement its backoff time by aSlotTime.

If the medium is determined to be busy at any time during a backoff slot, then the backoff procedure is suspended; that is, the backoff timer shall not decrement for that slot. The medium shall be determined to be idle for the duration of a DIFS period, a UAT, or EIFS, as appropriate (see 9.2.3), before the backoff procedure is allowed to resume. Transmission shall commence whenever the a Backoff Timer reaches zero. If multiple Backoff Timers in an ESTA reach zero at the same time, transmission shall commence for the MPDU or MMPDU of the highest urgency class.   The lower urgency classes whose MPDU or MMPDU deferred to the higher urgency class shall declare a transmission failure and proceed with a new backoff procedure.
A backoff procedure shall be performed immediately after the end of every transmission with the More Fragments bit set to 0 of an MPDU of type Data, Management, or Control with subtype PS-Poll, even if no additional transmissions are currently queued. In the case of successful acknowledged transmissions, this backoff procedure shall begin at the end of the received ACK frame. In the case of unsuccessful transmissions requiring acknowledgment, this backoff procedure shall begin at the end of the ACK timeout interval. If the transmission was successful, the CW value,  reverts to aCWmin before the random backoff interval is chosen, and the STA short retry count and/or STA long retry count are updated as described in 9.2.4.  This assures that transmitted frames from a USTA are always separated by at least one backoff interval.

The effect of this procedure is that when multiple USTAs are deferring and go into random backoff, then the USTA with the shortest urgency arbitration time selecting the smallest backoff time using the random function, will win the contention.

[image: image26.bmp]
Figure 52—Backoff procedure

In an IBSS, the backoff time for a pending non-beacon or non-ATIM transmission shall not decrement in the period from the target beacon transmission time (TBTT) until the expiration of the ATIM window and the backoff time for a pending ATIM management frame shall decrement only within the ATIM window. (See Clause 11.) Within an IBSS, a separate backoff interval shall be generated to precede the transmission of a beacon, as described in 11.1.2.2.

3 Recovery procedures and retransmit limits

Modify text as follows:

Error recovery is always the responsibility of the USTA that initiates a frame exchange sequence, as defined in 9.7. Many circumstances may cause an error to occur that requires recovery. For example, the CTS frame may not be returned after an RTS frame is transmitted. This may happen due to a collision with another transmission, due to interference in the channel during the RTS or CTS frame, or because the USTA receiving the RTS frame has an active virtual carrier sense condition (indicating a busy medium time period).

Error recovery shall be attempted by retrying transmissions for frame exchange sequences that the initiating USTA infers have failed. Retries shall continue, for each failing frame exchange sequence, until the transmission is successful, or until the relevant retry limit is reached, whichever occurs first. STAs shall maintain a short retry count and a long retry count for each MSDU or MMPDU awaiting transmission. These counts, which are incremented and reset independently of each other. ESTAs shall maintain a transmit MSDU timer for each MSDU passed to the MAC. The attribute aTLTi, obtained from the EDCF parameter set element, specifies the maximum amount of time allowed to transmit an MSDU of urgency class i. An MSDU timer shall be started when the MSDU is passed to the MAC. If a timer exceeds its associated aTLTi then all remaining fragments of that MSDU shall be discarded by the source STA and no attempt is made to complete transmission of that MSDU.
After an RTS frame is transmitted, the USTA shall perform the CTS procedure, as defined in 9.2.5.7. If the RTS transmission fails in a STA, the short retry count for the MSDU or MMPDU and the STA short retry count are incremented and the RTS is retried. This process shall continue until the number of attempts to transmit that MSDU or MMPDU reaches dot11ShortRetryLimit. In an ESTA an RTS is retried when unsuccessful until the associated MSDU timer exceeds the aTLTi for urgency class of the associated MSDU.
After transmitting a frame that requires acknowledgment, the an STA shall perform the ACK procedure, as defined in 9.2.8. The short retry count for an MSDU or MMPDU and the STA short retry count shall be incremented every time transmission of a MAC frame of length less than or equal to dot11RTSThreshold fails for that MSDU or MMPDU. This short retry count and the STA short retry count shall be reset when a MAC frame of length less than or equal to dot11RTSThreshold succeeds for that MSDU or MMPDU. The long retry count for an MSDU or MMPDU and the STA long retry count shall be incremented every time transmission of a MAC frame of length greater than dot11RTSThreshold fails for that MSDU or MMPDU. This long retry count and the STA long retry count shall be reset when a MAC frame of length greater than dot11RTSThreshold succeeds for that MSDU or MMPDU.  All retransmission attempts for an MSDU or MMPDU that has failed the ACK procedure one or more times shall be made with the Retry field set to 1 in the Data or Management type frame. Retries for failed transmission attempts shall continue until the short retry count for the MSDU or MMPDU is equal to dot11ShortRetryLimit or until the long retry count for the MSDU or MMPDU is equal to aLongRetryLimit. When either of these limits is reached, retry attempts shall cease, and the MSDU or MMPDU shall be discarded.

An ESTA, after transmitting a frame that requires acknowledgment, shall perform the ACK procedure, as defined in 9.2.8. All retransmission attempts for an MSDU or MMPDU that has failed the ACK procedure one or more times shall be made with the Retry field set to 1 in the Data or Management type frame. Retries for failed transmission attempts shall continue until the associated MSDU timer exceeds the aTLTi for its urgency class.
A USTA in power-save mode, in an ESS, initiates a frame exchange sequence by transmitting a PS-Poll frame to request data from an AP.  In the event that neither an ACK frame nor a data frame is received from the AP in response to a PS-Poll frame, then the USTA shall retry the sequence, by transmitting another PS-Poll frame, at its convenience.  If the AP sends a data frame in response to a PS-Poll frame, but fails to receive the ACK frame acknowledging this data frame, the next PS-Poll frame from the same USTA may cause a retransmission of the last MSDU.  This duplicate MSDU shall be filtered at the receiving USTA using the normal duplicate frame filtering mechanism.  If the AP responds to a PS-Poll by transmitting an ACK frame, then responsibility for the data frame delivery error recovery shifts to the AP because the data is transferred in a subsequent frame exchange sequence, which is initiated by the AP. The AP shall attempt to deliver one MSDU to the USTA that transmitted the PS-Poll, using any frame exchange sequence valid for a directed MSDU.  If the power save USTA that transmitted the PS-Poll returns to Doze state after transmitting the ACK frame in response to successful receipt of this MSDU, but the AP fails to receive this ACK frame, the AP will retry transmission of this MSDU until the relevant retry limit is reached. See Clause 11 for details on filtering of extra PS-Poll frames.

9.2.5.4 Setting and Resetting the NAV
[image: image27.bmp]
Figure 53 – R TS/CTS/Data/ACK and NAV Setting

9.2.5.5
Control of the Channel
[image: image28.bmp]
Figure 54 – Transmission of a Multiple Fragment MSDU using SIFS

9.2.5.5 RTS/CTS Usage with Fragmentation

[image: image29.bmp]
Figure 55 -- RTS/CTS with Fragmented MSDU

[image: image30.bmp]
Figure 56 -- RTS / CTS with Transmitter Priority and Missed Acknowledgment
9.2.9
Duplicate Detection and Recovery

Figure 57 -- Directed Data/ACK MPDU
9.2.10 DCF Timing Relations

Figure 58 -- DCF Timing Relationship

3 DCF timing relations

…

Add the following equation after the equation for DIFS:

The UATi is derived by the following equation: 


UATi = aSIFSTime + aASCi x aSlotTime

where,


aASCi is the arbitration slot count for urgency class I

…

Modify text as follows:

The EIFS is derived from the SIFS and the DIFS and the length of time it takes to transmit an ACK Control frame at 1 Mbit/s by the following equation:

For STAs:

EIFS = aSIFSTime + (8 x ACKSize) + aPreambleLength + aPLCPHeaderLngth + DIFS
For each urgency class i in ESTAs:

EIFSi = aSIFSTime + (8 x ACKSize) + aPreambleLength + aPLCPHeaderLngth + UATi
where

ACKSize is the length, in bytes, of an ACK frame; and

(8 x ACKSize)+ aPreambleLength + aPLCPHeaderLngth is expressed in microseconds required to transmit at the 1 Mbit/sPHY’s lowest mandatory rate.

…

Add the following equation after the equation for TxDIFS:


TxUATi = TxSIFS + aASCi x aSlotTime

where


aASCi is the arbitration slot count for urgency class i

Add row to table in clause as follows:

3 Semantics of the service primitive

	EDCF parameter set
	As defined in frame format
	As defined in frame format
	The parameter set for EDCF used by ESTAs during the contention period.


Modify text as follows:

3 Semantics of the service primitive

The primitive parameters are as follows:

MLME-START.request
(

SSID,

BSSType,

BeaconPeriod,

DTIMPeriod,

CF parameter set,

PHY parameter set,

IBSS parameter set,

ProbeDelay.

CapabilityInformation,

BBSBasicRateSet,

OperationalRateSet,

EDCF parameter set
)

Add row to table in clause as follows:

	EDCF parameter set
	As defined in frame format
	As defined in frame format
	The parameter set for EDCF used by ESTAs during the contention period.


Modify text as follows:

3 Beacon reception

USTAs shall use information from the CF Parameter Set element of all received Beacon frames to update their NAV as specified in 9.3.2.2.

ESTAs in an infrastructure network shall set their current access control parameters for the contention period from the EDCF Parameter Set element in received Beacon frames, if the BSSID field is equal to the BSSID of the BSS.

STAs in an infrastructure network shall only use other information in received Beacon frames, if the BSSID field are is equal to the MAC address currently in use by the STA contained in the APBSSID of the BSS.

Based on the restrictions specified in 11.1.4 ESTAs in an IBSS shall set their current access control parameters for the contention period from the EDCF Parameter Set element in received Beacon frames for which the IBSS subfield of the Capability field is set to 1 and the content of the SSID element is equal to the SSID of the IBSS.
STAs in an IBSS shall use other information in any received Beacon frame for which the IBSS subfield of the Capability field is set to 1 and the content of the SSID element is equal to the SSID of the IBSS. Use of this information is specified in 11.1.4.

Insert section as an Informative Annex to the standard as follows:

Annex XX

Traffic Adaptation for EDCF Element Parameters

Backoff adaptation provides for adjustment in the aCWSizei parameter that is advertised to the BSS by the AP in the EDCF Element of Beacon and Probe Response frames.  The adjustments take advantage of short-term statistical fluctuations in traffic load, especially prevalent with bursty traffic, as it allows the number of channel idle slots to be reduced or provide a reduction in the number of collisions through continuous feedback and adjustment.  

Given feedback concerning channel contention, the AP scales the value of aCWSizei up or down depending on the channel conditions observed.  Feedback is based on the number of idle slot times, and the number of detected failed or successful transmissions.  Based on this feedback, two estimates are maintained as described below: the MPDU arrival rate; and the expected number of backlogged stations having a backoff value equal to 1. If the expected number of backlogged stations having a backoff value equal to 1 is greater than 1, the value of aCWSizei is scaled up; if this number is less than 1, aCWSizei is scaled down.

ESTAs set their aCWSizei to the value in the EDCF Element upon joining a BSS or IBSS or whenever they detect any change in the advertised values of aCWSizei.
Scaling adjustments are made at prespecified sizes,  STup for scaling up, and STdown  for scaling down, which could take either integer or fractional positive values.  Examples would be STup=1/2 and STdown=1/3.

The following constants can then be specified:
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where, CR is the scale-up factor and CD is the scale-down factor.

When the Scaling Procedure described below indicates that a scale-up factor should be applied, the AP derives new value of aCWSizei using the following equation:
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where
aCWSizei = current backoff window size for urgency class i

When the Scaling Procedure described below indicates that a scale-down factor should be applied, the AP derives new values of aCWSizei, using the following equation:
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Scaling Procedure

The scaling algorithm determines whether to scale-up or down by estimating the expected number b1 of backlogged stations having a backoff counter equal to 1, based on the observed outcome. The AP maintains an estimate of the probability p1, which it updates by following each scaling adjustment. The AP maintains also an estimate of the expected number n of backlogged terminals. The product 
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, the number of backlogged stations having a backoff counter equal to 1.
When scaling up, p1 is updated by dividing by the factor CR.  
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When scaling down, p1 is updated by dividing by the factor CD. 
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Scaling Conditions

The time to scale up or down by the specified step size STup or STdown is established by the following conditions. Ideally, to minimize the likelihood of a collision, the expected number of backlogged stations with a backoff counter of 1 must be equal to 1.  That is, the following equation is met under optimal conditions:
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where
 n is the number of backlogged stations; and



p1 is the probability of having a backoff counter equal to 1.

The condition for scaling up by an adjustment factor STup is the following:
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This ensures not only that 
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 when scaling up, but also that scaling up by the step size STup  is not excessive; that is, it would not cause a change of the inequality in the opposite direction.

The condition for scaling down by an adjustment factor STdown is the following:


[image: image12.wmf]D

1

C

p

n

£

×

; and


[image: image13.wmf]2

n

³

.

This ensures both that 
[image: image14.wmf]1

p

n

b

1

1

1

<

×

=

, and that a down scaling adjustment of size STdown is not excessive and, thus, would not cause a change of the inequality in the opposite direction. In addition, the new backoff window size must be at least 2. 

When the scaling conditions are met, the AP scales its aCWSizei parameters, as described above. The AP sets the EDCF Element values with the current values of aCWSizei in each Beacon or Probe Response that it transmits.
Estimation of the Number of Backlogged Stations

The AP bases the scaling adjustments described above on the outcome of contention-based transmissions.  Contention based transmissions (CBTs) are all transmissions in the Contention Period that are not protected by a NAV.  An observed successful transmission is any CBT that is received with a good CRC.  CBTs with bad CRC are also classified as successful if they are followed after a SIFS period by an ACK or CTS that is received with a good CRC. 

A value 
[image: image15.wmf]l

 representing an estimate of the traffic arrival rate, is used in adjusting the estimated number of backlogged stations.  An estimate of 
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 is maintained by the AP and derived from the following equation.
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where,
N  is the number of observed successful CBTs; and 

T0 –TN is the time elapsed for the last N successful transmissions. 

Since the adjustment of aCWSizei, does not have immediate impact (it affects only new arrivals or retransmissions, and not the immediate transmissions by the backlogged teminals), the time spanned by the arrivals of the last N=20 packets would be approporiate.  The AP updates the current ( value following each successful CBT.  When a CFP occurs, updating of ( is suspended until N successful CBTs have been received after the end of the CFP and, until then, the last 
[image: image18.wmf]l

 value is used.  The T0 – TN interval is reset at the end of each CFP. 

The AP maintains a variable n1 representing an estimate of the number of backlogged stations.  The value of n1 is used to decide if a scale-up or scale-down is necessary.  The procedure described below is used to TAT a time interval defined by two consective occurrences of the event TAT . TAT marks the end of an idle time interval of length DIFS following an EIFS, an ACK or CTS timeout, or when both CCA and the NAV indicate the media is idle.  The adjustment of n1 is based on information obtained on the event T( , which is defined as the time when CCA indicates that the medium is busy following an idle period started at time TAT.

The definition of the various times and time intervals used in the scaling procedure are illustrated in Figures XX, YY, and ZZ.

The AP adjusts n1 for every idle backoff slot time.  It may make this adjustment either at the end of every backoff slot using the following equation.  

n1 = n0 ( q + ( ( (

where,
n0 = value of n1 in previous adjustment;

 q = 1 – p1; and 



( = the slot time

Or, it can make one cumulative adjustment at any time up to the next TAT occurence by determining the number t of idle slots preceding the current transmission at time T( as follows:


[image: image19.wmf]b

d

AT

T

T

t

-

=


The value of n1 is then adjusted by repeating the following equation t times.
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The AP calculates an interval ( in order to adjust the value of n1.  The interval ( is defined as follows:

( = TAT – T(
At any time after an observed successful CBT, up to the next TAT occurence, the variable n1 is updated based on the following “success” equation:
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At any time after an observed failed CBT, up to the next TAT  time, the variable n1 is updated based on the following “failure” equation: 
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Each time the variable n1 is updated the AP sets n0 equal to n1. 










Figure XX— Fast Adaptation timing for own transmission, and good observed transmission












Figure YY— Fast Adaptation timing - ACK Timeout, and recovered observed transmission failure










Figure ZZ— Fast Adaptation timing – Observed successful RTS and observed transmission failure
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