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Abstract

This document raises for discussion the potential that normative text descriptions of frame exchange sequences may have been based on an understanding of frame exchange sequences that conflict with the current definition.  This conflict may result in a change to the normative text that may need to be resolved in Annex G as the need arises.







A.  Discussion of frame exchange sequences
From 802.11REVme_D4.0:
[image: ]
According to this definition, the “sequence of frames” is not limited to a set of frame exchanges between a defined set of STAs, nor is “control of the wireless medium” managed by a single STA.  For example, all frame exchanges in the context of a TXOP are “maintaining control of the wireless medium”, and therefore there can only be one frame exchange sequence in a TXOP, even if frames are exchanged with different STAs (without limit) in different portions of the TXOP.
In comparison, the following normative text appears in both the 802.11e-2005 amendment (clause 9.9.1.2), and in the 802.11REVme_D4.0 maintenance draft (clause 10.23.2.3):
[image: ]
The above normative text suggests there can be one or more frame exchange sequences that can complete within a TXOP.  This is confirmed in the following normative text that appears in both 802.11e-2005 (clause 9.9.2.1.2) and 802.11REVme_D4.0 (clause 10.23.3.2.2):
[image: ]
Only when a particular EDCAF (that is within a particular STA) maintains “control of the wireless medium” after a frame exchange sequence has completed, is there an occurrence of a “multiple frame transmission” mode within the TXOP.
Indeed, in both 802.11e-2005 (clause 9.1.3.1) and 802.11REVme_D4.0 (clause 10.2.3.2), the normative text describes multiple frame exchange sequences in an EDCA TXOP.
[image: ]
In both 802.11e-2005 (clause 9.1.3.2) and 802.11REVme_D4.0 (clause 10.2.3.3), the normative text describes multiple frame exchange sequences in a polled TXOP.
[image: ]
The same language appears in 802.11e-2005 (clause 9.9.2) and 802.11REVme_D4.0 (clause 10.23.3.1) normative text:
[image: ]
As the normative text clearly shows in 802.11e-2005 (clause 9.9.2) and 802.11REVme_D4.0 (clause 10.23.3.1), a frame exchange sequence can be interrupted.  When this happens, control of the medium is lost.  Thus, recovery rules for frame exchange sequences (see clause 10.23.3.2.3) do not start a new frame exchange sequence.
[image: ]
According to 802.11e-2005 (clause 9.9.2.1) and 802.11REVme_D4.0 (clause 10.23.3.2.1), it is the protection mechanism that reserves the medium, not the frame exchange sequence itself.
[image: ]

[image: ]

According to 802.11e-2005 (clause 9.9.2.2.1), a frame exchange sequence can be initiated independent of the NAV value, confirming that the understanding of a frame exchange sequence does not include the protection mechanisms that reserve the medium.
[image: ]
Finally, see Doc 1387r1 (currently under discussion in UHR SG) for one example of conflicting understanding within 802.11 that continues to persist.  This proposal on TXOP optimizations is aimed at improving support within 802.11 for VR applications that require frame exchange sequences from multiple STAs to occur within a tight time window.  The proposal allows any STA to share a TXOP with minimal overhead for reverse direction or forwarding traffic.  This shows the current understanding in 802.11 is that the NAV may not be associated with a particular frame exchange sequence, as different STAs can initiate frame exchange sequences within the same TXOP that is “controlling the medium”.
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After the last frame of all other fionfinalframe/exchangesequences|(e:g: sequences that’convey unicast QoS
data'ormanagement frames) during a TXOP, the holder of the current TXOP shall wait for one SIFS period
before transmitting the first frame of the next frame exchange sequence. The HC may sense the channel and
reclaim the channel after a duration of PIFS after the TXOP, if the channel remains idle. A CAP ends when
the HC does not reclaim the channel after a duration of PIFS after the end of a TXOP.
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The HC shall perform delivery of buffered broadcast and multicast frames following DTIM beacons. The HC may also operate as a PC, providing (non-QoS) CF-Polls to associated CF-Pollable STAs using the frame formats, frame exchange sequences, and other applicable rules for PCF specified in 9.3.10  An HC may perform a backoff following an interruption of a frame exchange sequence due to lack of an expected response under the rules described in 9.9.2.1.3, using the parameters dot11HCCWmin, dot11HCCWmax, and dot11HCCAIFSN and the backoff rules in 9.1 and 9.9.1.5. The decision to perform a backoff by the HC is dependent on conditions such as interference from an overlapping BSS. The mecha- nism to detect the interference from an overlapping BSS and the decision to perform a backoff, DFS (such as in 11.6), or other techniques (such as inter-BSS scheduling) is beyond the scope of this amendment. 9.9.2.1 HCCA procedure The HC gains control of the WM as needed to send QoS traffic to non-AP QSTAs and to issue QoS (+)CF- Poll frames to non-AP QSTAs by waiting a shorter time between transmissions than the STAs using the EDCA procedures. The duration values used in QoS frame exchange sequences reserve the medium to per- mit completion of the current sequence. The HC may include a CF Parameter Set element in the Beacon frames it generates. This causes the BSS to appear to be a point-coordinated BSS to STAs. This causes STAs to set their NAVs to the CFPDurRemain- ing value in the CF Parameter Set element value at TBTT, as specified in 9.3.3.2. This prevents most conten- tion in the CFP by preventing nonpolled transmissions by non-AP STAs whether or not they are CF- Pollable. 9.9.2.1.1 CFP generation The HC may function as a PC that uses the CFP for delivery, generating a CFP as shown in Figure 59, with the restriction that the CFP initiated by an HC shall always end with a CF-End frame. The HC may also issue QoS (+)CF-Poll frames to associated non-AP QSTAs during the CFP. However, because the HC can also grant polled TXOPs, by sending QoS (+)CF-Poll frames, during the CP, it is not mandatory for the HC to use the CFP for QoS data transfers.  Only a QAP that also issues non-QoS CF-Poll frames to associated CF-Pollable STAs may end a CFP with a CF-End+CF-Ack frame and only when the CF-End+CF-Ack is acknowledging a reception from a CF-Pol- lable nQSTA. The use of a non-QoS CF-Poll frame by a QAP to a non-AP QSTA is deprecated (for further discussion, see 7.3.1.4).  9.9.2.1.2 CAP generation When the HC needs access to the WM to start a CFP or a TXOP in CP, the HC shall sense the WM. When the WM is determined to be idle for one PIFS period, the HC shall transmit the first frame of any permitted frame exchange sequence, with the duration value set to cover the CFP or the TXOP. The first permitted frame in a CFP after a TBTT is the Beacon frame. CAPs along with the CFPs and the CPs are illustrated in Figure62c.

After the last frame of all other nonfinal frame exchange sequences (e.g., sequences that convey unicast QoS

data or management frames) during a TXOP, the holder of the current TXOP shall wait for one SIFS period

before transmitting the first frame of the next frame exchange sequence. The HC may sense the channel and

reclaim the channel after a duration of PIFS after the TXOP, if the channel remains idle. A CAP ends when

the HC does not reclaim the channel after a duration of PIFS after the end of a TXOP.

10

Attempting to intersperse HCF frame exchange sequences and PCF frame exchange sequences in a single CFP can be extremely

complex.
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During an EDCA TXOP won by an EDCAF, @iQSTAVmay initiate multiple frame exchange

sequences o transmit MMPDUSs ‘and/or' MSDUs within the’same AC. The duration of this EDCA
TXOP is bounded, for an AC, by the value in dotl IQAPEDCATXOPLimit MIB variable for a QAP

and in dot] IEDCATableTXOPLimit MIB table for a non-AP QSTA. A value of 0 for this duration
means that the EDCA TXOP is limited to a single MSDU or MMPDU at any rate in the operational
set of the QBSS.
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c ) The contention window limits aCWmin and aCWmax, from which the random backoff is computed, are not fixed per PHY, as with DCF, but are variable (contained in the MIB attribute tables dot11QAPEDCACWmin and dot11QAPEDCACWmax for a QAP and in the MIB attribute tables dot11EDCATableCWmin and dot11EDCATableCWmax for a non-AP QSTA) and assigned by a management entity or by a QAP. d ) Collisions between contending EDCAFs within a QSTA are resolved within the QSTA so that the data frames from the higher priority AC receives the TXOP and the data frames from the lower pri- ority colliding AC(s) behave as if there were an external collision on the WM. Note, however, that this collision behavior does not include setting retry bits in the MAC headers of MPDUs at the head of the lower priority ACs, as would be done after a transmission attempt that was unsuccessful due to an actual external collision on the WM.

e ) During an EDCA TXOP won by an EDCAF, a QSTA may initiate multiple frame exchange

sequences to transmit MMPDUs and/or MSDUs within the same AC. The duration of this EDCA

TXOP is bounded, for an AC, by the value in dot11QAPEDCATXOPLimit MIB variable for a QAP

and in dot11EDCATableTXOPLimit MIB table for a non-AP QSTA. A value of 0 for this duration

means that the EDCA TXOP is limited to a single MSDU or MMPDU at any rate in the operational

set of the QBSS.

T h e   QAP announces the EDCA parameters in selected Beacon frames and in all Probe Response and

( R e ) A

s

sociation Response frames by the inclusion of the EDCA Parameter Set information element. If no

s u c h   element is received, the QSTAs shall use the default values for the parameters. The fields following the

Q o S   Info field in the EDCA Parameter Set information element shall be included in all Beacon frames

o c c u rring within two or more delivery traffic indication message (DTIM) periods following a change in AC

p a r a meters to assure that all QSTAs are able to receive the updated EDCA parameters. A QSTA shall update

i t s   M IB values of the EDCA parameters within an interval of time equal to one beacon interval after receiv-

i n g   a n updated EDCA parameter set. QSTAs update the MIB attributes and store the EDCA Parameter Set

u p d a te

 

count value in the QoS Info field. A QAP may change the EDCA access parameters by changing the

E D C A Parameter Set element in the Beacon and Probe Response frames. However, the QAP should change

t h e m  only rarely. A QSTA shall use the EDCA Parameter Set Update Count Value subfield in the QoS

C a p a bility element of all Beacon frames to determine if the QSTA is using the current EDCA Parameter

V a l u es. If the EDCA Parameter Set update count value in the QoS Capability element is different from the

v a l u e that has been stored, the QSTA shall query the updated EDCA parameter values by sending a Probe

R e q u e

s

t frame to the QAP.

Table 20i—UP-to-AC mappings Priority UP  (Same as  802.1D user  priority) 802.1D  designation AC Designation  (informative) Lowest Highest 1 BK AC_BK Background 2 — AC_BK Background 0 BE AC_BE Best Effort 3 EE AC_BE Best Effort 4 CL AC_VI Video 5 VI AC_VI Video 6 VO AC_VO Voice 7 NC AC_VO Voice
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A STA may initiate multiple frame exchange sequences during a polled TXOP of sufficient duration to perform more than one such sequence.
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PS-Poll frames and Management frames are exempted from any and all restrictions on transmissions arising from admission control procedures. The operation rules of HCF contention based channel access are defined in 10.23.2. The alternate video (A_VI) and alternate voice (A_VO) transmit queues share the same EDCAF as VI and VO transmit queues, respectively, as shown in Figure10-24. When dot11AlternateEDCAActivated is true, a scheduling function above the VO EDCAF selects from the primary or alternate transmit queue an MSDU, an A-MSDU, an MMPDU, or set of MSDUs to be the next to be passed to the VO EDCAF (as shown in Figure10-24) so that the MSDU(s), A-MSDU(s), or MMPDU(s) from the queue with the higher UP are selected  with  a  higher  probability  than  from  the  queue  with  the  lower  UP.  When dot11AlternateEDCAActivated is true, a scheduling function above the VI EDCAF selects from the primary or alternate transmit queue an MSDU, an A-MSDU, an MMPDU, or set of MSDUs to be the next to be passed to the VI EDCAF so that the MSDU(s), A-MSDU(s), or MMPDU(s) from the queue with the higher UP are selected with a higher probability than from the queue with the lower UP. The default algorithm to select an MSDU, A-MSDU, or MMPDU from either the A_VI or VI queue and to select an MSDU, A-MSDU, or MMPDU from either the A_VO or VO queue is as follows: — For each EDCAF, an MSDU, A-MSDU, or MMPDU is selected for transmission using the transmission selection procedures defined in 8.6.8 of IEEE Std 802.1Q using two queues, the primary and alternate. — For a given AC, the order in which frames are selected for transmission shall maintain the requirements specified in 10.7 of this standard. Alternative prioritization algorithms that meet the requirements of 10.7 may be used. All MSDUs, A-MSDUs, and MMPDUs passed to the VO EDCAF are transmitted according to AC_VO EDCAF parameters and rules. All MSDUs, A-MSDUs, and MMPDUs passed to the VI EDCAF are transmitted according to AC_VI EDCAF parameters and rules. 10.2.3.3 HCF controlled channel access (HCCA) The HCCA mechanism uses a QoS-aware centralized coordinator, called a hybrid coordinator (HC). The HC is collocated with the AP of the BSS and uses the HC’s higher priority of access to the WM to initiate frame exchange sequences and to allocate TXOPs to itself and other STAs in order to provide limited-duration CAPs for contention free transfer of QoS data. The HC traffic delivery and TXOP allocation may be scheduled to meet the QoS requirements of a particular TC or TS. TXOP allocations and contention free transfers of QoS traffic might be based on the HC’s BSS- wide knowledge of the amounts of pending traffic belonging to different TS and/or TCs and are subject to BSS-specific QoS policies. Implementers are cautioned that QoS STAs are not required to interpret data subtypes that include QoS +CF- Ack in frames not addressed to themselves unless they set the Q-Ack subfield in the QoS Capability element to1.  The HCF protects the transmissions during each CAP using the virtual CS mechanism. 

A STA may initiate multiple frame exchange sequences during a polled TXOP of sufficient duration to

perform more than one such sequence.

The operation rules of the HCCA are defined in 10.23.3.


image6.emf
The HC grants a STA a polled TXOP with duration specified in a QoS (+)CF-Poll frame. A STA may transmit
multiple frame exchange sequences/within given polled TXOPs, subject to the limit on TXOP duration.
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CW, at the PHY-TXEND.confirm primitive that follows the transmission of each unsolicited retry GCR MPDU. — All retransmissions of an MPDU shall have the Retry subfield in their Frame Control fields set to 1. — During a GCR TXOP, frames may be transmitted within the GCR TXOP that do not use the GCR unsolicited retry retransmission policy. 10.23.2.13 EDCA channel access in a CMMG BSS If the MAC receives a PHY-CCA.indication primitive with the channel-list parameter present, the channels considered idle are defined in Table10-21. In the following description, the CCA is sampled according to the timing relationships defined in 10.3.7. Slot boundaries are determined solely by activity on the primary channel. “Channel idle for an interval of PIFS” means that whenever CCA is sampled during the period of PIFS that ends at the start of transmission, the CCA for that channel was determined to be idle. If a STA is permitted to begin a TXOP (as defined in 10.23.2.3) and the STA has at least one MSDU pending for transmission for the AC of the permitted TXOP, the STA shall perform exactly one of the following steps: a) Transmit a 1080 MHz mask PPDU if the secondary 540 MHz channel is idle during an interval of PIFS immediately preceding the start of the TXOP. b) Transmit a 540 MHz mask PPDU on the primary 540 MHz channel. c) Restart the channel access attempt by invoking the backoff procedure as specified in 10.23.2 as though the medium is busy on the primary channel as indicated by either physical or virtual CS and the backoff counter has a value of 0. NOTE 1—In the case of rule c), the STA selects a new random number using the current value of CW[AC], and the retry counts are not updated [as described in 10.23.2.5; backoff procedure invoked for event a)]. NOTE 2—For CMMG STAs, an EDCA TXOP is obtained based on activity on the primary channel (see 10.23.2.3). The width of transmission is determined by the CCA status of the nonprimary channels during the PIFS before transmission (see 10.23.2.4). 10.23.3 HCF controlled channel access (HCCA) 10.23.3.1 General The HCCA mechanism manages access to the WM using an HC that has higher medium access priority than non-AP STAs. This allows it to transfer MSDUs to STAs and to allocate TXOPs to STAs.

The HC grants a STA a polled TXOP with duration specified in a QoS (+)CF-Poll frame. A STA may transmit

multiple frame exchange sequences within given polled TXOPs, subject to the limit on TXOP duration.

All STAs inherently obey the NAV rules of the HCF because each frame transmitted under HCF contains a

duration value chosen to cause STAs in the BSS to set their NAVs to protect the expected subsequent frames. 

Table 10-21—Channels indicated idle by the channel-list parameter for CMMG BSSs PHY-CCA.indication primitive  channel-list parameter entry Idle channel primary None secondary Primary 540 MHz


image7.emf
An HC may perform a backoff following an interruption of a frame exchange sequence due to lack of an
expected response under the rules described in 9.9.2.1.3, using the parameters dotl IHCCWmin,
dotl ITHCCWmax, and dotl IHCCAIFSN and the backoff rules in 9.1 and 9.9.1.5. The decision to perform a
backoff by the HC is dependent on conditions such as interference from an overlapping BSS. The mecha-
nism to detect the interference from an overlapping BSS and the decision to perform a backoff, DFS (such as
in 11.6), or other techniques (such as inter-BSS scheduling) is beyond the scope of this amendment.
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The HC shall perform delivery of buffered broadcast and multicast frames following DTIM beacons. The HC may also operate as a PC, providing (non-QoS) CF-Polls to associated CF-Pollable STAs using the frame formats, frame exchange sequences, and other applicable rules for PCF specified in 9.3.10 

An HC may perform a backoff following an interruption of a frame exchange sequence due to lack of an

expected response under the rules described in 9.9.2.1.3, using the parameters dot11HCCWmin,

dot11HCCWmax, and dot11HCCAIFSN and the backoff rules in 9.1 and 9.9.1.5. The decision to perform a

backoff by the HC is dependent on conditions such as interference from an overlapping BSS. The mecha-

nism to detect the interference from an overlapping BSS and the decision to perform a backoff, DFS (such as

in 11.6), or other techniques (such as inter-BSS scheduling) is beyond the scope of this amendment.

9.9.2.1 HCCA procedure

The HC gains control of the WM as needed to send QoS traffic to non-AP QSTAs and to issue QoS (+)CF-

Poll frames to non-AP QSTAs by waiting a shorter time between transmissions than the STAs using the

EDCA procedures. The duration values used in QoS frame exchange sequences reserve the medium to per-

mit completion of the current sequence.

The HC may include a CF Parameter Set element in the Beacon frames it generates. This causes the BSS to

appear to be a point-coordinated BSS to STAs. This causes STAs to set their NAVs to the CFPDurRemain-

ing value in the CF Parameter Set element value at TBTT, as specified in 9.3.3.2. This prevents most conten-

tion in the CFP by preventing nonpolled transmissions by non-AP STAs whether or not they are CF-

Pollable.

9.9.2.1.1 CFP generation

The HC may function as a PC that uses the CFP for delivery, generating a CFP as shown in Figure 59, with

the restriction that the CFP initiated by an HC shall always end with a CF-End frame. The HC may also

issue QoS (+)CF-Poll frames to associated non-AP QSTAs during the CFP. However, because the HC can

also grant polled TXOPs, by sending QoS (+)CF-Poll frames, during the CP, it is not mandatory for the HC

to use the CFP for QoS data transfers. 

Only a QAP that also issues non-QoS CF-Poll frames to associated CF-Pollable STAs may end a CFP with a

CF-End+CF-Ack frame and only when the CF-End+CF-Ack is acknowledging a reception from a CF-Pol-

lable nQSTA. The use of a non-QoS CF-Poll frame by a QAP to a non-AP QSTA is deprecated (for further

discussion, see 7.3.1.4). 

9.9.2.1.2 CAP generation

When the HC needs access to the WM to start a CFP or a TXOP in CP, the HC shall sense the WM. When

the WM is determined to be idle for one PIFS period, the HC shall transmit the first frame of any permitted

frame exchange sequence, with the duration value set to cover the CFP or the TXOP. The first permitted

frame in a CFP after a TBTT is the Beacon frame. CAPs along with the CFPs and the CPs are illustrated in

Figure62c.

After the last frame of all other nonfinal frame exchange sequences (e.g., sequences that convey unicast QoS

data or management frames) during a TXOP, the holder of the current TXOP shall wait for one SIFS period

before transmitting the first frame of the next frame exchange sequence. The HC may sense the channel and

reclaim the channel after a duration of PIFS after the TXOP, if the channel remains idle. A CAP ends when

the HC does not reclaim the channel after a duration of PIFS after the end of a TXOP.

10

Attempting to intersperse HCF frame exchange sequences and PCF frame exchange sequences in a single CFP can be extremely

complex.


image8.emf
The HC gains control of the WM as needed to send QoS traffic to non-AP QSTAs and to issue QoS (+)CF-
Poll frames to non-AP QSTAs by waiting a shorter time between transmissions than the STAs using the
EDCA procedures. The duration values used in QoS frame exchange'sequences reserve the medium to per-
mit completion of the current sequence.
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The HC shall perform delivery of buffered broadcast and multicast frames following DTIM beacons. The HC may also operate as a PC, providing (non-QoS) CF-Polls to associated CF-Pollable STAs using the frame formats, frame exchange sequences, and other applicable rules for PCF specified in 9.3.10  An HC may perform a backoff following an interruption of a frame exchange sequence due to lack of an expected response under the rules described in 9.9.2.1.3, using the parameters dot11HCCWmin, dot11HCCWmax, and dot11HCCAIFSN and the backoff rules in 9.1 and 9.9.1.5. The decision to perform a backoff by the HC is dependent on conditions such as interference from an overlapping BSS. The mecha- nism to detect the interference from an overlapping BSS and the decision to perform a backoff, DFS (such as in 11.6), or other techniques (such as inter-BSS scheduling) is beyond the scope of this amendment. 9.9.2.1 HCCA procedure

The HC gains control of the WM as needed to send QoS traffic to non-AP QSTAs and to issue QoS (+)CF-

Poll frames to non-AP QSTAs by waiting a shorter time between transmissions than the STAs using the

EDCA procedures. The duration values used in QoS frame exchange sequences reserve the medium to per-

mit completion of the current sequence.

The HC may include a CF Parameter Set element in the Beacon frames it generates. This causes the BSS to

appear to be a point-coordinated BSS to STAs. This causes STAs to set their NAVs to the CFPDurRemain-

ing value in the CF Parameter Set element value at TBTT, as specified in 9.3.3.2. This prevents most conten-

tion in the CFP by preventing nonpolled transmissions by non-AP STAs whether or not they are CF-

Pollable.

9.9.2.1.1 CFP generation

The HC may function as a PC that uses the CFP for delivery, generating a CFP as shown in Figure 59, with

the restriction that the CFP initiated by an HC shall always end with a CF-End frame. The HC may also

issue QoS (+)CF-Poll frames to associated non-AP QSTAs during the CFP. However, because the HC can

also grant polled TXOPs, by sending QoS (+)CF-Poll frames, during the CP, it is not mandatory for the HC

to use the CFP for QoS data transfers. 

Only a QAP that also issues non-QoS CF-Poll frames to associated CF-Pollable STAs may end a CFP with a

CF-End+CF-Ack frame and only when the CF-End+CF-Ack is acknowledging a reception from a CF-Pol-

lable nQSTA. The use of a non-QoS CF-Poll frame by a QAP to a non-AP QSTA is deprecated (for further

discussion, see 7.3.1.4). 

9.9.2.1.2 CAP generation

When the HC needs access to the WM to start a CFP or a TXOP in CP, the HC shall sense the WM. When

the WM is determined to be idle for one PIFS period, the HC shall transmit the first frame of any permitted

frame exchange sequence, with the duration value set to cover the CFP or the TXOP. The first permitted

frame in a CFP after a TBTT is the Beacon frame. CAPs along with the CFPs and the CPs are illustrated in

Figure62c.

After the last frame of all other nonfinal frame exchange sequences (e.g., sequences that convey unicast QoS

data or management frames) during a TXOP, the holder of the current TXOP shall wait for one SIFS period

before transmitting the first frame of the next frame exchange sequence. The HC may sense the channel and

reclaim the channel after a duration of PIFS after the TXOP, if the channel remains idle. A CAP ends when

the HC does not reclaim the channel after a duration of PIFS after the end of a TXOP.

10

Attempting to intersperse HCF frame exchange sequences and PCF frame exchange sequences in a single CFP can be extremely

complex.


image9.emf
To start an HCCA TXOP, the HC gains control of the WM by waiting a shorter time before initiating the first
transmission of the TXOP than STAs using the EDCA procedures. The duration values used in QoS frame
exchange sequences reserve the medium to permit completion of the current sequence.
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When a QSTA receives a frame addressed to it and requires an acknowledgment, it shall respond with an

ACK or QoS +CF-Ack frame independent of its NAV. Alnon=AP'QSTA'Shall'acceptapolled TXOP by inis
tiating a frame exchange sequence independent of its NAV.
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IEEE Std 802.11e-2005 LOCAL AND METROPOLITAN AREA NETWORKS—

90

Copyright © 2005 IEEE. All rights reserved.

address in the TA field in the RTS frame matches the saved TXOP holder address, then the QSTA shall send the CTS frame after SIFS, without regard for, and without resetting, its NAV. The saved TXOP holder address shall be cleared when the NAV is reset or when the NAV counts down to 0. 

When a QSTA receives a frame addressed to it and requires an acknowledgment, it shall respond with an

ACK or QoS +CF-Ack frame independent of its NAV. A non-AP QSTA shall accept a polled TXOP by ini-

tiating a frame exchange sequence independent of its NAV. 

9.9.2.3 HCCA transfer rules

A TXOP obtained by receiving a QoS (+)CF-Poll frame uses the specified TXOP limit consisting of one or

more frame exchange sequences with the sole time-related restriction being that the final sequence shall end

not later than the TXOP limit. In QoS CF-Poll and QoS CF-Ack+CF-Poll frames, the TID subfield in the

QoS Control field indicates the TS for which the poll is intended. The requirement to respond to that TID is

nonbinding, and a QSTA may respond with any frame. Upon receiving a QoS (+)CF-Poll frame, a non-AP

QSTA may send any frames, i.e., QoS data frames belonging to any TID as well as management frames in

the obtained TXOP. MSDUs may be fragmented in order to fit within TXOPs. 

The QoS CF-Poll frames shall be sent only by an HC. Non-AP QSTAs are not allowed to send QoS (+)CF-

Poll frames. Non-AP QSTAs shall not send QoS (+)Data frames in response to any data frame other than the

QoS (+)CF-Poll frames.

If a QSTA has set up at least one TS for which the Aggregation subfield in the associated TSPEC is set to 0,

the QAP shall use only QoS CF-Poll or QoS CF-Ack+CF-Poll frames to poll the QSTA and shall never use

QoS (+)Data+CF-Poll to poll the QSTA. It should be noted that although QoS (+)CF-Poll is a data frame,

but it should be transmitted at one of the rates in the BSS basic rate set in order to set the NAV of all QSTA

that are not being polled (see 9.6). If a CF-Poll is piggybacked with a QoS data frame, then the MSDU may

be transmitted at the rate that is below the negotiated minimum PHY rate.

QSTAs shall use QoS data frames for all MSDU transfers to another QSTA. The TID in the QoS Control

fields of these frames shall indicate the TC or TS to which the MPDU belongs. Furthermore, either the

Queue Size subfield shall indicate the amount of queued traffic present in the output queue that the QSTA

uses for traffic belonging to this TC or TS, or the TXOP Duration Requested subfield shall indicate the dura-

tion that the QSTA desires for the next TXOP for traffic belonging to this TC or TS. The queue size value

reflects the amount on the appropriate queue not including the present MPDU. A non-AP QSTA that wishes

to inform the HC of queue status may use the QoS Null frame indicating the TID and the queue size or

TXOP duration request (also see 9.9.2.3.1).

QSTAs shall be able to receive QoS +CF-Ack frames. The HC may use QoS Data+CF-Ack frames to send

frames to the same non-AP QSTA a SIFS after receiving the final transmission of the previous TXOP. The

HC may also use QoS Data+CF-Ack frames to send frames to any other non-AP QSTA a SIFS after receiv-

ing the final transmission of the previous TXOP, if the non-AP QSTA that sent the final transmission of the

previous TXOP has set the Q-Ack subfield in the QoS Capability information element in the (Re)Associa-

tion Request frame to 1. In both CFP and CP, QSTAs shall always respond to QoS data frames having the

Ack Policy subfield in the QoS Control field set to Normal Ack with an ACK frame, unless the acknowledg-

ment is piggybacked in which case it shall use a QoS +CF-Ack frame. Piggybacked frames are allowed only

in CFP or within TXOPs initiated by the HC. The HC shall not send a QoS data frame containing a +CF-Ack

with an Address 1 that does not correspond to the address of the QSTA for which the +CF-Ack is intended,

unless the QSTA to which the +CF-Ack is intended, sets the Q-Ack subfield in the QoS Capability informa-

tion element in the (Re)Association Request frame. QSTAs are not required to be able to transmit QoS data

frames with subtypes that include +CF-Ack.

A QAP that has dot11QACKOptionImplemented true may allow associations with STAs advertising

support for the Q-Ack option. Such associations do not require the QAP to employ piggyback
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(#109)frame exchange sequence: A sequence of frames that maintains control of the wireless medium.
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There are two modes of EDCA TXOP defined, the initiation of the EDCA TXOP and the multiple frame
transmission within an EDCA TXOP. An initiation of the TXOP occurs when the EDCA rules permit access
to the medium. A multiple frame transmission within the TXOP occurs when an EDCAF retains the right to
access the medium following the completion of a frame exchange sequence, such as on receipt of an ACK
frame.
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9.9.1 HCF contention-based channel access (EDCA) 9.9.1.1 Reference Implementation The channel access protocol is derived from the DCF procedures described in 9.2.  A model of the reference implementation is shown in Figure62a and illustrates a mapping from frame type or UP to AC: the four transmit queues and the four independent EDCAFs, one for each queue. The mapping of UP to the AC is described in 9.1.3.1 and Table20i. The mapping of frame types to ACs is described in 9.1.3.1. 9.9.1.2 EDCA TXOPs There are two modes of EDCA TXOP defined, the initiation of the EDCA TXOP and the multiple frame

transmission within an EDCA TXOP. An initiation of the TXOP occurs when the EDCA rules permit access

to the medium. A multiple frame transmission within the TXOP occurs when an EDCAF retains the right to

access the medium following the completion of a frame exchange sequence, such as on receipt of an ACK

frame.

The TXOP limit duration values are advertised by the QAP in the EDCA Parameter Set information element

in Beacon and Probe Response frames transmitted by the QAP. A TXOP limit value of 0 indicates that a sin-

gle MSDU or MMPDU, in addition to a possible RTS/CTS exchange or CTS to itself, may be transmitted at

any rate for each TXOP. 

Non-AP QSTAs shall ensure that the duration of TXOPs obtained using the EDCA rules do not exceed the

TXOP limit. The duration of a TXOP is the duration during which the TXOP holder maintains uninterrupted

control of the medium, and it includes the time required to transmit frames sent as an immediate response to

the TXOP holder’s transmissions. 

A QSTA shall fragment a unicast MSDU so that the transmission of the first MPDU of the TXOP does not

cause the TXOP limit to be exceeded at the PHY rate selected for the initial transmission attempt of that

MPDU. The TXOP limit may be exceeded, when using a lower PHY rate than selected for the initial trans-

mission attempt of the first MPDU, for a retransmission of an MPDU, for the initial transmission of an

MPDU if any previous MPDU in the current MSDU has been retransmitted, or for broadcast/multicast

MSDUs. When the TXOP limit is exceeded due to the retransmission of an MPDU at a reduced PHY rate,

the STA shall not transmit more than one MPDU in the TXOP.

Figure 62a—Reference implementation model Mapping to  Access Category Transmit queues  for ACs Per-queue EDCA   functions with  internal collision  resolution (MSDU, UP)


