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Abstract

This submission contains additional and replacement text for portions of sections 6, 7, and 9 of the ANSI/IEEE 802.11-1999 standard that would provide the multimedia functionality described in the commonality and MediaPlex section of document 0033r1.

4.  Abbreviations and acronyms

…

CI
contention interval
CC
contention control

CO
contention opportunity

RR
reservation request

RRR
reservation request ready

TO
transmission opportunity

VDS
virtual down-stream

VS
virtual stream

VSID
virtual stream identification

VSS
virtual side-stream

VUS
virtual up-stream
…

6.1.1  Multimedia data services

These services provide peer LLC entities with the ability to exchange MAC service data units (MSDUs).  To support this service, the local MAC uses the underlying PHY-level services to transport an MSDU to a peer MAC entity, where it will be delivered to the peer LLC.  QoS-driven MSDU transport is performed on a connection-oriented basis, and best-effort MSDU transport is performed on a connectionless basis.  However, because of the nature of the wireless medium, there are no guarantees that the submitted MSDU will be delivered timely or successfully.  Broadcast and multicast transport is part of the multimedia data service provided by the QoS-enhanced MAC.  Due to the characteristics of the WM, broadcast and multicast MSDUs may experience a lower quality of service, compared to that of unicast MSDUs.  All STAs will support the best-effort data service, and QoS-capable STAs will support multimedia data services with different QoS requirements.  Because operation of certain functions of the MAC may cause reordering of some MSDUs, as discussed in more detail below, there are two service classes within the multimedia data service.  By selecting the desired service class, each LLC entity initiating the transfer of MSDUs is able to control whether MAC entities are or are not allowed to reorder those MSDUs.

…

6.2.1.1.2  Semantics of the service primitive

The parameters of the primitive are as follows:


MA-UNIDATA.request
(


source address,


destination address,


VSID,

routing information,


data,


priority,


service class


)


…

The VSID parameter specifies an outgoing Virtual Stream to which the MSDU is classified.
…

6.2.1.3.2  Semantics of the service primitive

The primitive parameters are as follows:


MA-UNIDATA-STATUS.indication
(


source address,


destination address,


VSID,

transmission status,


provided priority,


provided service class


)


…

The VSID parameter is a Virtual Stream ID as specified in the associated MA-UNIT.DATA.request primitive.
…

The transmission status parameter will be used to pass status information back to the local requesting LLC sublayer entity.  IEEE 802.11 specifies the following values for transmission status:

…


l)
Undeliverable (no adequate bandwidth availabe).
7.1.3.1.2  Type and Subtype fields

…

Table 1 – Valid type/subtype combinations

Type value

B3 b2
Type description
Subtype value

b7 b6 b5 b4
Subtype description

00
Management
0000
Association request

00
Management
0001
Association response

00
Management
0010
Reassociation request

00
Management
0011
Reassociation response

00
Management
0100
Probe request

00
Management
0101
Probe response

00
Management
0110-0111
Reserved

00
Management
1000
Beacon

00
Management
1001
Announcement traffic indication message (ATIM)

00
Management
1010
Disassociation

00
Management
1011
Authentication

00
Management
1100
Deauthentication

00
Management
1101
VS update

00
Management
1110-1111
Reserved

01
Control
0000-0011
Reserved

01
Control
0100
Extended (Ext)-Poll

01
Control
0101
Ext-Poll + Ack

01
Control
0110
Contention Control (CC)

01
Control
0111
CC + Ack

01
Control
1000
Reservation Request (RR)

01
Control
1001
Extended-Acknowledgment (Ext-Ack)

01
Control
1010
Power Save (PS)-Poll

01
Control
1011
Request To Send (RTS)

01
Control
1100
Clear To Send (CTS)

01
Control
1101
Acknowledgment (Ack)

01
Control
1110
Contention Free (CF)- End

01
Control
1111
CF-End + CF-Ack

10
Data
0000
Data

10
Data
0001
Data + CF-Ack

10
Data
0010
Data + CF-Poll

10
Data
0011
Data + CF-Ack + CF-Poll

10
Data
0100
Null function (no data)

10
Data
0101
CF-Ack (no data)

10
Data
0110
CF-Poll (no data)

10
Data
0111
CF-Ack + CF-Poll (no data)

10
Data
1000-1111
Reserved

11
Reserved
0000-1111
Reserved

7.1.3.1.8  More data field

…

The more Data field may be set to 1 in directed data type frames transmitted by a contention-free (CF)-Pollable STA to the point coordinator (PC) in response to a CF-Poll or an Ext-Poll to indicate that the STA has at least one additional buffered MSDU or MMPDU from the polled VUS/VSS available for transmission in response to a subsequent CF-Poll or an Ext-Poll.

…

7.1.3.2  Duration/ID field

The Duration/ID field is 16 bits in length.  The contents of this field is as follows:


a)
In control type frames of subtype Power Save (PS)-Poll, the Duration/ID field carries the association identity (AID) of the station that transmitted the frame in the 14 least significant bits (lsb), with the 2 most significant bits (msb) both set to 1.  The value of the AID is in the range 1-2 007.


b)
In frames transmitted under the extended PCF, the Duration/ID field contains a value not exceeding 65 535 as defined below.

c)
In management type frames of subtype VS update, the Duration/ID field contains the VSID of an outgoing QoS-driven VUS or VSS of the addressed STA in the 6 lsb’s, with the msb set to 1 and the second msb to 0, and the remaining bits reserved.  The range of the VSID is 0-63.  However, value 0 will be reserved for the default VS used for sending MMPDUs and non-classifiable or best-effort MSDUs and will not be used in these frames; value 63 will be used only in cases where all admitted outgoing VUSs/VSSs other than the default one of the addressed STA are being terminated.


d)
In control type frames of subtype Contention Control (CC) and CC + Ack, the Duration/ID field contains the Acknowledgment Policy that indirectly specifies the population of Reservation Request Ready (RRR) STAs eligible for sending a RR frame in the next CI in response to such a frame, in bits 13-12, with the msb set to 1 and the second msb to 0, and the remaining bits reserved.  The range of the Acknowledgment Policy is 0-3; value 0 indicates that no RRR STAs are prohibited by this subfield from sending a RR frame in the following CI, value 1 indicates that only RRR STAs seeking to activate an outgoing VUS/VSS of priority level 1 or higher with the PC are not prohibited by this subfield from sending a RR frame in the following CI, value 2 indicates that only RRR STAs seeking to activate an outgoing VUS/VSS of priority level 2 or higher with the PC are not prohibited by this subfield from sending a RR frame in the following CI, and value 3 indicates that only RRR STAs seeking to activate an outgoing VUS/VSS of priority level 3 or higher with the PC are not prohibited by this subfield from sending a RR frame in the following CI.  RRR STAs not prohibited by this subfield from sending a RR frame in the following CI are further subject to the Permission Probability restriction before sending the RR frame.  RRR STAs send a Reservation Request (RR) frame to activate one of their outgoing VUSs/VSSs, the one with the highest priority level, with the PC for Transmission Opportunity (TO) allocation by the PC to that VUS/VSS.


e)
In control type frames of subtype Reservation Request (RR), the Duration/ID field contains the VSID of an outgoing VUS/VSS that the requesting STA is seeking to activate with the PC, in the 6 lsb’s, and the Size of the buffered data classified to the VUS/VSS, in bits 11-8, with the msb set to 1 and the second msb to 0, and the remaining bits reserved. The range of the VSID is 0-63, with value 63 being reserved.  The range of the Size is 0-15, with value 0 used to indicate an unspecified data size, and the other values specifying size ranges in octets based on exponential increments starting at 8 (1 for 1-8 octets, 2 for 9-16 octets, 3 for 17-32 octets, …, 15 for 65 537 and more octets ).


f)
In control type frames of subtype Contention-Free (CF)-End and CF-End + CF-Ack, the Duration/ID field is set to 0.


g)
In data type frames of subtype Data and Data + CF-Ack transmitted from the PC under the extended PCF, the Duration/ID field contains the VSID of the VDS to which the frame is classified, in the 6 lsb’s, and the Acknowledgment Policy prescribing how to acknowledge the frame by the addressed STA, in bits 13-12, with the msb set to 1 and the second msb to 0, and the remaining bits reserved. The range of the VSID is 0-63, with value 63 being reserved.  The range of the Acknowledgment Policy is 0-3, with value 0 for base 802.11 acknowledgment, value 1 for alternative 802.11 acknowledgment, value 2 for delayed acknowledgment, and value 3 for no acknowledgment.


h)
In data type frames of subtype Data and Data + CF-Ack transmitted from non-PC STAs under the extended PCF, the Duration/ID field contains the VSID of the VUS or VSS to which the frame being transmitted is classified, in the 6 lsb’s, the remaining Size of the buffered data classified to the said VUS/VSS (or the VUS/VSS which was given the poll that prompts such a data frame transmission from the VUS/VSS bearing the said VSID due to the limitation that the next frame classified to the polled VUS/VSS exceeds the Size specified in the poll), in bits 11-8, and the Ack Policy prescribing how to acknowledge the frame by the addressed STA, in bits 13-12, with the msb set to 1 and the second msb to 0, and the remaining bits reserved.  The range of the VSID is 0-63, with value 63 being reserved.  The range of the Size is 0-15, with value 0 used to indicate an unspecified data size if the More Data field and the More Fragments field are not both set to zero, or otherwise to indicate that there is no more data buffered at this STA for transmission, and the other values specifying size ranges in octets based on exponential increments starting at 8 (1 for 1-8 octets, 2 for 9-16 octets, 3 for 17-32 octets, …, 15 for 65 537 and more octets).  The values of the Ack Policy are encoded as in g).


i)
In data type frames of subtype CF-Ack (no data) transmitted under the extended PCF, the Duration/ID field, in the case of transmission by the PC, is set to 32 768, and in the case of transmission from a non-PC STA, contains the size (Size) of all the data buffered at the STA, in bits 11-8, with the msb set to 1 and the second msb to 0, and the remaining bits reserved.  The values of the Size in the latter case are restricted and encoded as in h). 


j)
In data type frames of subtype Null function (no data) transmitted from non-PC STAs under the extended PCF, the Duration/ID field contains the VSID of the VUS/VSS which was given the poll that prompts such a data fame transmission but which has a classified frame in the front that exceeds the Size specified in the poll, or which has no classified data frame and no other outgoing VUS/VSS of the same STA has a data frame to send or meeting the Size limitation, and the remaining Size of the buffered data classified to the VUS/VSS defined by the said VSID, in bits 11-8, with the msb set to 1 and the second msb to 0, and the remaining bits reserved.  The values of the VSID and the Size are restricted and encoded as in h).


k)
In data type frames of subtype Data + CF-Poll, Data + CF-Ack + CF-Poll, CF-Poll, and CF-Ack + CF-Poll transmitted from the PC under the extended PCF, the Duration/ID field contains the VSID of the outgoing VUS/VSS—of the addressed STA—to which the poll is given, in the 6 lsb’s, the maximum Size of the data the STA is allowed to transmit in response to the poll, whether from the polled VUS/VSS or another outgoing VUS/VSS of the STA, in bits 11-8, with the msb set to 1 and the second msb to 0, and the Acknowledgment Policy prescribing how to acknowledge the frame by the addressed STA were the data frame sent without a CF-Poll, in bits 13-12, and the remaining bits reserved.  The range of the VSID is 0-63, with value 63 being reserved.  The range of the Size is 0-15, with value 0 used to indicate an unspecified size limit, and the other values specifying size ranges in octets based on exponential increments starting at 8 (1 for 1-8 octets, 2 for 9-16 octets, 3 for 17-32 octets, …, 15 for 65 537 and more octets).  The values of the Ack Policy are encoded as in g), but they serve only to reiterate the corresponding retransmission policy as the addressed STA shall always perform a piggybacked acknowledgment when it receives such a frame correctly.


l)
In all other frames transmitted under the extended PCF, the Duration/ID field is set to 32 768.

…

Table 3 – Duration/ID field encoding

Bit 15
Bit 14
Bits 13-12
Bits 11-8
Bits 7-6
Bits 5-0
Usage

0
0-32 767
Duration

1
0
0
Fixed value within frames transmitted under the base PCF

1
0
0-3
0-15
0
0-63
Bits 13-12 for Ack Policy; bits 11-8 for Size; bits 5-0 for VSID; bits 7-6 reserved

1
1
0
Reserved

1
1
1-2 007
AID in PS-Poll frames

1
1
2 008-16 383
Reserved

…

7.1.3.1.5  More Fragments field

…

The More Fragments field is 1 bit in length and is set to 1 in all data or management type frames that have another fragment of the current MSDU or current MMPDU to follow, except in cases where there are no data frames classified to the VUS/VSS which was given the poll that prompts such a frame transmission from another outgoing VUS/VSS of the transmitting STA.  In such cases it is set to 0.  It is also set to 0 in all other frames except in cases where the frame is transmitted due to the oversize of the head data frame classified to the VUS/VSS which was given the poll that prompts such a frame transmission from another outgoing VUS/VSS of the transmitting STA.  In such cases it is set to 1.
…

7.1.3.1.8  More Data field

…

The More Data field is set to 1 in directed data type frames transmitted by a non-PC STA in response to a CF-Poll or an Ext-Poll to indicate that the STA has at least one additional buffered MSDU from the polled VUS/VSS available for transmission in response to a subsequent CF-Poll or Ext-Poll.

...

7.2.1.7  Extended (Ext)-Poll frame
The frame format for an Ext-Poll frame is as defined in Figure 22.


Octets:
2
  2
 6
  8-64
4






Figure 22 – Ext-Poll frame

The Duration/ID is set to 32 768.

The BSS ID is the address of the STA contained in the AP.

The Bandwidth Allocation field contains a sequence of the trios (AID, VSID, BW) defining the STAs that are permitted to send data frames classified to an outgoing VS with the listed VSID using the listed bandwidth (BW) in the order specified.  The AID subfield specifies the AID of such a STA, and occupies 14 bits.  The VSID subfield specifies the VSID of an outgoing VUS/VSS of the STA whose classified data frames are given the BW to transmit, and occupies 6 bits.  The BW subfield specifies the transmission time (in units of 10 microseconds) allocated to the transmission of frames classified to the said VUS/VSS, and occupies 12 bits.  The value of BW does not include the SIFS that separates frame transmissions between two outgoing VUSs/VSSs, but does include any SIFSs that may occur between transmissions of frames classified to the same outgoing VUS/VSS.

7.2.1.8  Ext-Poll + Ack frame
The frame format for an Ext-Poll + Ack frame is as defined in Figure 23.


Octets:
2
  2
 6
  8-64
4






Figure 23 – Ext-Poll + Ack frame

The Duration/ID, the BSS ID, and the Bandwidth Allocation fields are set in the same way as for an Ext-Poll frame.

7.2.1.9  Contention Control (CC) frame
The frame format for a CC frame is as defined in Figure 24.


Octets:
2
 2
6
1
 1
0-510
  4






Figure 24 – CC frame

The Duration/ID is set according to d) of 7.1.3.2

The BSS ID is the address of the STA contained in the AP.

The CI Length specifies the number of contention opportunities (COs) in the next contention interval (CI).  Transmissions of RR frames occur within COs.

The Permission Probability (PP) field specifies a probability with which RRR STAs indirectly specified in the Size subfield of the Control Field are permitted to send a RR frame in the following CI.  A contention probability less than unity statistically prohibits some of these RRR STAs from sending a RR frame in an attempt to adapt the contention to channel resources and thus optimize channel throughput.  Each of these RRR STAs shall, independently of all the other RRR STAs, generate a number from a random variable uniformly distributed over (0, 1).  The random variables used by the RRR STAs shall be statistically independent.  Those STAs that generated a number smaller than the PP shall independently and randomly choose one of the COs in the next CI and transmit their RR frame into it.  This field is encoded with a value equal to the nearest integer of PP*255, and the PP is recovered from this field by dividing the field by 255.

The Contention Feedback field contains in sequence the AIDs of the STAs that successfully transmitted a RR frame to the PC during the preceding CI, with each AID occupying 2 octets.

7.2.1.10  CC + Ack frame
The frame format for a CC + Ack frame is as defined in Figure 25.


Octets:
2
 2
6
1
 1
0-510
  4






Figure 25 – CC + Ack frame

The Duration/ID, the BSS ID, the CI Length, and the Permission Probability fields are set in the same way as for a CC frame.

7.2.1.11  Reservation Request (RR) frame
The frame format for a RR frame is as defined in Figure 26.


Octets:
2
 2
 6
6
 4






Figure 26 – RR frame

The Duration/ID is set according to e) of 7.1.3.2.

The BSS ID of the RR frame is the address of the STA contained in the AP.  The TA is the address of the STA transmitting the frame.

7.2.1.12  Extended-Acknowledgment (Ext-Ack) frame
The frame format for an Ext-Ack frame is as defined in Figure 27.


Octets:
2
  2
 6
 0-2290
4






Figure 27 – Ext-Ack frame

The Duration/ID is set to 32 768.

The TA is the address of the STA transmitting the frame.

The Frame List field contains a sequence of the trios (TA, VSID, Sequence Control) defining the frames that were correctly received by the acknowledging AP or STA after the AP or STA sent the last acknowledgment by any form, and that required delayed acknowledgment.  The TA subfield in each trio specifies the address of the AP or STA that transmitted the frame which was correctly received by the acknowledging STA, the VSID subfield specifies the VSID encoded in the VSID subfield of the Duration/ID of that frame, and the Sequence Control subfield indicates the Fragment Number and Sequence Number of that frame.  The TA, VSID, and Sequence Control subfields each occupy 6, 2, and 2 octets, respectively.

7.2.2  Data frames

…

Within all data type frames sent during the CFP under the extended PCF, the Duration field is set according to 7.1.3.2.  Within all data type frames sent during the contention period under the DCF, the Duration field is set according to the following rules:

…

7.2.3  Management frames

…

Within all management type frames sent during the CFP under the extended PCF, the Duration field is set according to 7.1.3.2.  Within all management type frames sent during the contention period , the Duration field is set according to the following rules:

…

7.3.1.4  Capability Information field

…


B0
B1
  B2
  B3
B4
 B5-B7
 B8
 B9-B15






Figure 27 – Capability Information fixed field

…

QoS-capable APs and STAs set the QoS Capable field to 1.

…

7.2.3.12  VS update frame format
The frame body of a management frame of subtype VS update contains the information shown in Table 16.

Table 16 – VS update frame body

Order
Information

1
VS update code

2
QoS parameter set

3
Frame classifier (VS Destination Address, …)

…

7.3.1.11  VS Update field

The VS Update codes are defined in Table 17.

Table 17 – VS Update codes

Reason code
Meaning

0
 Addition

1
 Deletion

2
 Change

3-7
 Reserved

7.3.1.12  QoS Parameter Set field

The QoS Parameter Set field contains a number of subfields that are used to indicate the desired MAC service to be provided to QoS-driven VSs.  The length of the QoS Parameter Set is 12 octets.  The QoS Parameter Set field consists of the following subfields: Acknowledgment Policy, Flow Type, Priority Level, FEC Code, Privacy Choice, Delay Bound, Jitter Bound, Minimum Data Rate, Mean Data Rate, and Maximum Data Burst.  The remaining of the QoS Parameter Set field is reserved.  The format of the QoS Parameter Set is as illustrated in Figure 34.


B0-B1
 B2
B3-B4
 B5
 B6-B7
B8-B15
 B16-23
B24-39
B40-55
B56-71
B72-95






Figure 34 – QoS Parameter Set fixed field

…

7.3.2  Information elements
…

Table 20 – Element IDs

Information element
Element ID

SSID
0

Supported Rates
1

FH Parameter Set
2

DH Parameter Set
3

CF Parameter Set
4

TIM
5

IBSS Parameter Set
6

Frame Classifier
7

Reserved
8-15

Challenge text
16

Reserved for challenge text extension
17-31

Reserved
32-255

7.3.2.9  Frame Classifier element

…







Figure 43 – Frame Classifier element format

9.3.5  QoS support

This subclause and subclauses 9.3.6 and 9.3.7 extend the base PCF to support QoS-driven multimedia transfer over infrastructure networks.  STAs (including APs) that conform to these subclauses are said to be QoS-capable STAs.  Such STAs shall send all of their data frames under the extended PCF, so as to improve the channel and STA delay-throughput performance and to reduce contention under the DCF.  Subclause 9.3.8 provides informative examples of scheduling and centralized contention algorithms.

A QoS-driven application, such as a conference call, may engage two or more end parties.  All the parties may be residing at non-AP STAs of the same BSS, or some parties may be located within a BSS while the others beyond the portal of the BSS.  In the former case, direct communications between the non-AP STAs shall be provided, subject to the monitoring and coordination of the PC residing at the AP.  In the latter case, communications shall go through the AP, also under the coordination of the PC.  In either case, multiple applications of differing QoS requirements may be run under the same QoS-capable STA.

The traffic of applications arriving at a MAC entity shall be transported by Virtual Streams (VSs) to peer MAC entities over the wireless medium.  Using the concept of VSs, a session for a given QoS-driven application involves the following stages: admission of the VSs that are needed to connect all STAs participating in the application, frame classification to the admitted VSs, activation of the admitted VSs, bandwidth allocation to the activated VSs, transmitting to and receiving from the VSs allocated bandwidth, and termination of the admitted or activated VSs.  Each of these stages is described below.

A QoS parameter set shall be used to specify the QoS expectation of an application in the MAC sublayer, i.e., to specify the desired MAC service to be provided to the traffic transfer of the application between peer MAC entities over the wireless LAN.

A QoS Parameter Set shall comprise the following parameters: Acknowledgment Policy, Flow Type (Continuous or Discontinuous), Priority Level, FEC Code, Privacy Choice, Delay Bound, Jitter Bound, Minimum Data Rate, Mean Data Rate, Maximum Data Burst, and a reserved field.  The Continuous Flow Type refers to traffic sources that generate data (quasi-)periodically; such sources include voice (even with silence suppression) and video sources.  The Discontinuous Flow Type refers to traffic sources that do not belong to the continuous flow type; such sources include bursty data sources as arise from web browsing.  The Priority Level is orthogonal to the Flow Type.  The FEC Code states the need for forward error correction implemented at the MAC sublayer.  The Acknowledgment Policy and the Privacy Choice are to extend the respective rules of the base 802.11 MAC.  Both Delay Bound and Jitter Bound apply to the queueing delay of buffered MSDUs at the transmitting STA; MSDUs that cannot be transmitted within the Delay Bound or Jitter Bound, when applicable, shall be discarded.  The Minimum Data Rate, the Mean Data Rate, and the Maximum Data Burst refer to the data in MSDU; the corresponding actual values, which includes the MAC headers and PHY overheads, will be larger.  The Mean Data Rate and the Maximum Data Burst specify the token replenishment rate R and the bucket size B, respectively, of a token bucket that is conceptually used to shape, and hence characterize, the arriving MSDU traffic.  The Mean Data Rate represents the maximum sustainable data rate, while the Maximum Data Burst implies the maximum data amount over a given time interval T to be given by R*T + B, assuming appropriate units for R, T, and B.

9.3.6  Virtual Streams

Virtual Streams (VSs) shall be managed by the SME of the AP.  They are admitted (i.e., established) on a session-by-session basis to transfer MSDUs generated by applications with different QoS requirements from a local LLC sublayer entity to a single peer LLC sublayer entity, or multiple peer LLC sublayer entities in the case of broadcast/multicast.  Conceptually, VSs are transport pipes established to transfer data streams.  They are defined by an ID (denoted VSID) and an ordered pair of the address of the STA transmitting to the VS (denoted VS origin address) and the address of the STA or STAs receiving from the VS (denoted VS destination address).  The outgoing VSs of the same STA, i.e., the VSs to which the STA is to transmit, shall carry different IDs.  Specifically, the destination address of a VS is inferable from the source address and ID of the VS.  On the other hand, at a given transmitting STA, an outgoing VS is identifiable by the destination address and ID of the VS.  In the case of broadcast or multicast, the VS destination address is a group address, and a VS reaches to a group of STAs.  Such a VS shall be referred to as a broadcast or multicast VS, in distinction from a unicast VS that reaches only one STA.  Virtual Down-Streams (VDSs), Virtual Up-Streams (VUSs), and Virtual Side-Streams (VSSs), respectively, shall be employed to denote those VSs that emanate from the AP, that reach to only the AP, and that emanate from a non-AP STA and reach to at least another non-AP STA within the same BSS.  A broadcast/multicast VS that reaches to the AP and other non-AP STAs in the same BSS is a VSS. 

A link connecting two STAs may have multiple VSs admitted in either direction to support concurrent applications of different QoS expectations, and at the minimum, shall have a pair of bidirectional VSs—referred to as the default VSs of the link—to handle the bidirectional transfer of traffic with unspecified QoS values, such as the best-effort data traffic and MAC management traffic.  All default VSs shall carry VSID 0.

When a VS is admitted, a QoS parameter set shall be attached to it.  The QoS parameter set provides the basis for bandwidth assignment to the VS.  However, if the traffic transfer over a given VS poses unspecified QoS requirements, as with MAC management data and best-effort asynchronous data, that VS shall be the corresponding default VS.  A VS attached with a QoS parameter set whose Flow Type is Continuous is called a Continuous VS.  A VS attached with a QoS parameter set whose Flow Type is Discontinuous is called a Discontinuous VS.

9.3.6.1  Admission of Virtual Streams
All default VSs shall be automatically admitted upon association of the STAs transmitting to or receiving from them with the AP, and no QoS parameters shall be attached to them.  Other VSs (QoS-based) are admitted according to the following procedure.

For a QoS-driven application, the end-to-end reservation messages will always reach the AP.  This is the case even if the application entails only STA to STA transmissions within the same BSS, as the STA initiating the bandwidth reservation will send the reservation messages to the AP.

The SME of the AP shall extract the QoS parameters governing the traffic transfer over all the VSs serving the application, and perform admission control, including QoS renegotiations, with respect to the MAC service over the wireless LAN.  Part of the admission control procedure is to identify the QoS-based VSs that are required to serve the application and their availability due to the limit on the number of the outgoing VSs of any given STA.  If the application is admitted, with or without modifying the original QoS values, the SME shall assign an ID to each of the VSs involved, and extract the classifiers pertaining to those VSs from the reservation signaling messages.  The SME shall provide the scheduling entity with the IDs, source addresses, and destination addresses of all the admitted VSs and the corresponding QoS parameter sets. These VSs, together with their QoS parameter sets, shall be added to the list of the admitted VSs maintained by the scheduling entity.  The AP may notify the involved STA(s) of the admission status through the protocol message exchange.  Up to this point, every procedure is transparent to the LLC sublayer and below.

If the required QoS-based VSs contain one or more VDSs, the SME of the AP shall provide the classification entity residing above the MAC SAP of the AP with the classifier pertaining to each of the VDSs and to be added to the classification table maintained by the classification entity.

If the required QoS-based VSs contain one or more VUSs or VSSs, the SME of the AP shall generate a primitive, MLME-VSUPDATE.request.  This primitive contains the classifier and QoS parameter set for each required VUS or VSS.  It causes a management frame, VS update, to be sent under the extended PCF from the AP to each STA that may transmit to such a VUS or VSS.  The management frame sent to such a STA contains the classifier and QoS parameter set pertaining to the VUS or VSS that the STA may transmit to.  Upon reception of its management frame, the STA shall return an acknowledgment to the AP.  The retransmission rule for management frames of this kind may be different from that for normal data frames.  The MLME of the STA shall provide the classification entity residing above the MAC SAP of the STA with the classifier pertaining to the VUS or VSS and to be added to the classification table maintained by the classification entity.  The MLME of the STA shall also provide the scheduling entity of the STA, if there is one, with the ID of the admitted VUS or VSS specified in the VSID subfield of the Duration/ID field of the received management frame and the corresponding QoS parameter set.

QoS-based VSs may be dynamically admitted if additional non-AP STAs participate in an application amid its session,, as detected by the SME of the AP from the signaling “connection” messages reaching the AP.  Part of the above admission procedure shall be performed to the extent that reflects such dynamic additions.

Should the QoS parameters for an admitted application be changed during a session, part of the above admission procedure shall be performed to the extent that reflects such dynamic changes.

9.3.6.2  Frame classification to Virtual Streams
A buffered MSDU shall be classified, based on the classification table maintained at the transmitting STA, to an outgoing admitted VS prior to its transmission.  If the classification process does not lead to any VS, the default VS directed at the intended recipient(s) shall be chosen.

A classification table is a collection of classifiers provided by the SME of the AP.  Each classifier is further comprised of the following components: VSID, VS Origin Address, VS Destination Address, Search Priority, IP Classification Parameters, LLC Classification Parameters, and IEEE 802.1P/Q Parameters.  The VSID, VS Origin Address, and VS Destination Address together define the VS to which the MSDU is to be directed after a match is found.  The VS Origin Address is the address of the STA to transmit to the VS, while the VS Destination Address is the address of the STA to receive from the VS.  The Search Priority determines the search order for the table; higher Search Priority Classifiers are searched before lower Search Priority Classifiers.  The IP Classification Parameters may be zero or some of such parameters as IP TOS Range/Mask, IP Protocol, IP Source Address/Mask, IP Destination Address/Mask, TCP/UDP Source Port Start, TCP/UDP Source Port End, TCP/UDP Destination Port Start, and TCP/UCP Destination Port End.  The LLC Classification Parameters may be zero or some of such parameters as Source MAC Address, Destination MAC Address, and Ethertype/SAP.  The IEEE 802.1P/Q Parameters may be zero or some of such parameters as 802.1P Priority Range and 802.1Q VLAN ID.

9.3.6.3  Activation of Virtual Streams
Bandwidth shall be allocated to admitted VSs for transporting the frames classified to them if and only if such VSs are activated with the PC.  A VDS is activated with the PC once a MSDU is classified, i.e., directed, to it, and remains so activated until the termination of the VDS.

A Continuous VUS/VSS is activated with the transmitting STA (i.e., the STA to transmit to the VUS/VSS) once a MSDU is classified to it.  Such a Continuous VUS/VSS remains activated with the transmitting STA until the termination of the VUS/VSS.  A Continuous VUS/VSS activated with the transmitting STA becomes activated with the PC after the transmitting STA sends a Reservation Request (RR) frame to the PC on behalf of the VUS/VSS.  Such a Continuous VUS/VSS remains activated with the PC until the termination of the VUS/VSS.  

A Discontinuous VUS/VSS is activated with the transmitting STA when there is at least one MSDU classified to it but not yet transmitted.  Such a Discontinuous VUS/VSS becomes activated with the PC after the transmitting STA sends a RR frame to the PC on behalf of the VUS/VSS.  A Discontinuous VUS/VSS activated with the transmitting STA becomes deactivated from the transmitting STA when there are no more MSDUs classified to the VUS/VSS and not yet transmitted.  Such a Discontinuous VUS/VSS becomes deactivated from the PC when the transmitting STA piggybacks the deactivation status to the PC/AP.  After deactivation from the PC, a Discontinuous VUS/VSS is activated with the PC again when the above procedure is repeated.  Essentially, a Discontinuous VUS/VSS is activated with the PC during a burst of arriving MSDUs that are classified to it, and deactivated from the PC upon transmission of the burst.

VUSs and VSSs activated with the PC form an extended polling list, and are polled in accordance with their QoS parameter sets.  The PC maintains a list of the admitted VDSs, VUSs, and VSSs, and a sublist of them activated with the PC.  All the VSs, including VDSs, VUSs, and VSSs, on the sublist are allocated bandwidth according to a QoS-based queueing algorithm.

A STA with one or more outgoing VUSs/VSSs activated with the STA but not yet with the PC is said to be a Reservation Request Ready (RRR) STA.   A RRR STA sends a RR frame to the PC/AP to have one of those outgoing VUSs/VSSs, the one with the highest QoS demand, activated with the PC.  So long as a STA is RRR, it shall transmit a RR frame, subject to the above QoS restriction, after the STA receives a base-poll (but not an extended-poll) from the PC that is given to an outgoing Discontinuous VUS/VSS that is of a lower priority level than the one seeking to be activated with the PC, even if the polled VUS/VSS still has more frames buffered for transmission.  Upon reception of the RR frame, the PC shall activate the corresponding VUS/VSS, while returning an acknowledgment to the sending STA to indicate the success of an activation with the PC.

A RRR STA shall transmit a RR frame through contention centrally controlled by the PC, but not controlled by the DCF, when it can do so.  This is illustrated in Figure 63.  The PC controls such contention by setting contention opportunities (COs) collectively for all RRR STAs, i.e., by setting the number of COs in the next contention interval (CI), the priority level(s) of the VUSs and VSSs for which a RR frame can be sent, and the permission probability (PP) with which the RRR STAs indirectly specified via the priority level restriction can send a RR frame.  Such information is broadcast in a Contention Control (CC) frame by the PC prior to the start of the CI.  Conceptually, each of these RRR STAs shall, independently of all the other RRR STAs, generate a number from a random variable uniformly distributed over (0, 1).  The random variables used by these RRR STAs shall be statistically independent.  Those STAs that generated a number smaller than the PP shall independently and randomly choose one of the COs in the next CI and transmit their RR frame into it.  The PC shall activate the VUSs/VSSs for which a RR frame was correctly received, and include the AIDs of the corresponding transmitting STAs in the Contention Feedback field of the next CC frame to inform these STAs of the activation of those VUSs/VSSs with the PC.

The centralized contention mechanism is especially suitable to bursty traffic as it reduces contention (needed only at the beginning of a burst) and polling overhead (needed only in the presence of a burst arrival) and improves channel throughput and data access delay performance.  STAs using such a mechanism do not transmit beyond the TBT as they might under the DCF.

A poll given to an outgoing VUS/VSS of a STA shall imply that that VUS/VSS is activated with the PC, as occurs in cases where the STA failed to receive the direct acknowledgment or the contention feedback, or where the feedback has not been sent yet.  The PC shall ignore any additional RR frames that may arrive subsequently for the same VUS/VSS while the VUS/VSS is still activated with the PC.  While in the process of activating a VUS/VSS with the PC, a RRR STA shall use any qualified opportunity as described above to re-send a RR frame for that VUS/VSS, but shall not send by any means a RR frame to activate another VUS/VSS with the PC.  Upon learning of the activation of an outgoing VUS/VSS with the PC, the transmitting STA shall not send any more RR frames for that VUS/VSS, unless the VUS/VSS has been deactivated from the PC and is seeking to activate with the PC again.

Piggybacking for deactivation of a Discontinuous VUS/VSS from the PC is effected by setting to zero the More Data, More Fragments, and Size subfields in the Frame Control and Duration/ID fields of the last frame classified to the Discontinuous VUS/VSS for transmission.

9.3.6.4  Bandwidth allocation to Virtual Streams
The PC shall allocate bandwidth to VSs activated with it for frame transfers in accordance with the corresponding QoS parameter sets and on account of the available channel resources.  The PC essentially acts as a central scheduler and may indeed implement a QoS-driven scheduling algorithm.  The PC schedule such bandwidth allocations by setting transmission opportunities (TOs) individually for the VSs activated with it, i.e., by setting the star and duration times for frame transfer over each of such VSs.

A TO exclusively set for a VUS/VSS is conveyed by a base-poll frame, the Size subfield of the Duration/ID field of which states the duration time of the TO.  A sequence of TOs consecutively set for a sequence of VUSs/VSSs, which may or may not originate from the same STA, is conveyed by an extended-poll frame, the Bandwidth Allocation field of which states the duration time of each of the TOs in sequence.  A base-poll frame is of data type containing a CF-Poll subtype as defined by the base 802.11; it prompts a single polled VS to transmit a frame a SIFS after the reception of the poll.  An extended-poll frame is of control type as defined now; it prompts multiple polled VSs to transmit their individual frames sequentially, and separated by a SIFS, also a SIFS after the reception of the poll.  The generic term “poll” may refer to either type.  Extended-polls are especially useful for direct STA-to-STA communications and sequential multi-VS or multi-STA transmissions without the intervention of the PC in between.

Typically, periodic or quasi-periodic polls are given to activated Continuous VUSs and VSSs with delay/jitter bound requirements, and aperiodic polls to activated Discontinuous VUSs and VSSs, with the allocated bandwidth dependent upon the polling period, the mean data rate, the maximum data burst, among others.

The scheduler shall also manage bandwidth allocation for centrally controlled contention, with the aid of a centralized random access algorithm.  Such an algorithm determines the number of COs and the associated PP for the next CI, as well as the priority levels of the VUSs/VSSSs eligible for activation with the PC through contention over the next CI.  This determination is based on the contention outcome, i.e., the number of idles, successes, and collissions, respectively, of the last CI, and the estimate of the number of outstanding RRR STAs seeking to activate their outgoing VUSs/VSSs with various priority levels.  Here, an idle occurs if no transmission is detected out of a CO, even if in reality there may have been one or more transmissions over that CO.  A success is declared if a valid frame is received in a CO, even if in reality there may have been multiple transmissions (from different STAs) in that CO.  A collision is identified if transmission activity is detected but no valid frame is received in a CO, even if in reality there may have been no or only one transmission in that CO.

9.3.6.5  Transmitting to and Receiving from Virtual Streams
Data frames classified to VSs shall be sent out when TOs, which are similar to tokens on a token ring, for the VSs arrive.  The transmission time with a VS, including intervening SIFS intervals if fragmentation is performed, shall not exceed the duration time of the given TO.  For TOs given to VUSs/VSSs by polling, however, if there are no data frames classified to such VUSs/VSSs, data frames classified to other outgoing VUSs/VSSs of the same STA may be sent, subject to the same Size limitation, with their More Data and More Fragments fields set to 0 and their Size subfield set to the size of the data remaining on the VUS/VSS using such a TO.  On the other hand, if the size of the frame at head of the targeted VUS/VSS is larger than permitted, and if fragmentation cannot be done or is already done, either data frames classified to other outgoing VUSs/VSSs of the same STA and not exceeding the Size limit may be sent, or a null frame shall be sent; in either case, the More Data and More Fragments fields shall be set to 1 and the Size subfield set to the size of the data classified to the targeted VUS/VSS for transmission. 

In any case, the VSID field of a frame shall have the VSID of the VS to which the frame was classified, and frames shall be transmitted in strict order per VS.  A receiving MAC entity uses the VSID to resemble fragments from the same VS into MSDUs.

The acknowledgment policy for frames other than the CC and RR frames may be extended from that for the base PCF.  It shall be explicitly encoded by the transmitting STA into the Ack Policy subfield of the Duration/ID field of the frame to be transmitted, based on the value of the corresponding parameter in the QoS parameter set attached to the VS to which the frame is classified.  Piggybacked acknowledgment, when possible, should be provided even if an acknowledgment is not required.  The retransmission rule for these frames is also extended to match with the corresponding acknowledgment policy.  Essentially, retransmission is required if acknowledgment is mandated, subject to the scheduling by the PC.

9.3.6.6  Termination of Virtual Streams
All default VSs shall not be terminated unless the STAs transmitting to or receiving from them become disassociated from the AP.  Other admitted VSs (QoS-based) shall be terminated due to the ending of the application they serve, due to the disconnection of the STAs they support from the application, due to the timeout for their activation with the PC, or due to the unexpected bandwidth shortage.

For a QoS-driven application, the end-to-end “disconnection” messages will always reach the AP.  This is the case even if the application entails only STA to STA transmissions within the same BSS, as the STA initiating the disconnection request will send the desconnection messages to the AP.

The SME of the AP shall detect such “disconnection” message and identify all the VSs serving the ending application and the corresponding classifiers, and provide the scheduling entity with the IDs, source addresses, and destination addresses of such VSs.  These VSs, together with their QoS parameter sets, shall be removed from the list of the admitted VSs and the sublist of the activated VSs maintained by the scheduling entity.  The AP may notify the involved STA(s) of the termination status through the protocol message exchange.  Up to this point, every procedure is transparent to the LLC sublayer and below.

If the above VSs contain one or more VDSs, the SME of the AP shall provide the classification entity residing above the MAC SAP of the AP with the classifier pertaining to each of the VDSs and to be deleted from the classification table maintained by the classification entity.

If the above QoS-based VSs contain one or more VUSs or VSSs, the SME of the AP shall generate a primitive, MLME-VSUPDATE.request.  This primitive contains the classifier and QoS parameter set for each affected VUS or VSS.  It causes a management frame, VS update, to be sent under the extended PCF from the AP to each STA transmitting to such a VUS or VSS.  The management frame sent to such a STA contains the classifier and QoS parameter set pertaining to the VUS or VSS to which the STA transmitted.  Upon reception of its management frame, the STA shall return an acknowledgment to the AP.  The retransmission rule for management frames of this kind may be different from that for normal data frames.  The MLME of the STA shall provide the classification entity residing above the MAC SAP of the STA with the classifier pertaining to the VUS or VSS and to be deleted from the classification table maintained by the classification entity.  The MLME of the STA shall also provide the scheduling entity of the STA, if there is one, with the ID of the de-admitted VUS or VSS specified in the VSID subfield of the Duration/ID field of the received management frame and the corresponding QoS parameter set.

QoS-based VSs admitted for an application session may be dynamically terminated if the end parties they support quit the application for any reasons, as detected by the SME of the AP from the signaling disconnection messages reaching the AP, if they stay deactivated from the PC beyond a timeout threshold, as determined, and reported to the SME, by the scheduling entity of the PC, or if their QoS requirements can no longer be adequately met due to unexpected bandwidth shortage, as also determined, and further reported to the SME, by the scheduling entity of the PC.  Part of the above de-admission procedure shall be performed to the extent that reflects such events.

9.3.7  Extended PCF transfer procedure
Frame transfers under the extended PCF typically consist of frames sent from the AP/PC to non-PC STAs, sent from non-PC STAs to the AP/PC or to other non-PC STAs in the same BSS.  Figure 63 depicts a frame transfer during a typical CFP under the extended PCF.  The rules of the frame transfer are extended from those for the base PCF, as further detailed below.
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Figure 63 – Example of extended PCF transfer rule
During a CFP, TOs are individually scheduled by the PC for the transmission of all frames classified to VSs activated with the PC, except the RR frames, and COs are collectively scheduled by the PC for the transmission of RR frames by RRR STAs.  Here, the CFP refers to the absence of distributed contentions under the DCF of the BSS,  TOs refer to contention-free transmissions in the context of the BSS, and COs refer to centralized contentions under the extended PCF.

TOs set for VDSs and VUSs/VSSs may alternate on a one-by-one basis, e.g., one TO for a VDS, and one TO for a VUS/VSS, or on a sequence-by-sequence basis, e.g., a sequence of TOs for a sequence of VDSs, and a sequence of TOs for a sequence of VUSs and VSSs.  A single TO set for a VUS/VSS shall be preceded by a base-poll frame, and a sequence of TOs set for a sequence of VUSs/VSSs shall be preceded by an extended-poll frame.  A single CO or a sequence of COs may appear in a CI, and shall be preceded by a CC frame.  A CI may appear anywhere in a CFP, and there may be no, one, or more CIs in a CFP, as seen fit by the PC/scheduler.

All frame transmissions under the extended PCF are nominally separated by a SIFS except in the following cases.  After the PC sent a base-poll frame, if the PC does not detect the expected transmission, the PC may send its next pending transmission one PIFS after the end of the base-poll frame transmission.  After the PC sent an extended-poll frame, if the PC does not detect a transmission from the last TO set in the extended-poll, the PC may send its next pending transmission one PIFS after the end of the next-to-last TO set in the extended-poll frame.  Over a CI period, the PC shall wait until one SIFS after the last CO to retain control of the medium, even if no transmissions occurred in any of the COs of the CI.

The QoS-capable PC may transmit any of the following frame types to QoS-capable STAs during the CFP under the extended PCF, in addition to those listed in subclause 9.3.3.1.

· Ext-Ack, used when the PC is not sending data or polling, but needs to send a delayed acknowledgment to the data frames transmitted to the PC and requiring delayed acknowledgement but the PC has not done so;

· Ext-Poll, used when the PC is not sending data, but is permitting multiple data frames to be sent from multiple VUSs/VSSs in sequence, and there is no previous frame requiring acknowledgment by the PC;

· Ext-Poll + Ack, used when the PC is not sending data, but is permitting multiple data frames to be sent from multiple VUSs/VSSs in sequence, and the PC needs to acknowledge the receipt of a frame from a CF-Pollable STA a SIFS period before starting this transmission;

· CC, used when the PC is not sending data, but is broadcasting the feedback on the transmission of RR frames by some STAs in the last CI, and/or is permitting some or all RRR STAs to sent a RR frame to the PC in the next CI, and there is no previous frame requiring acknowledgment by the PC;;

· CC + Ack, used when the PC is not sending data, but is broadcasting the feedback on the transmission of RR frames by some STAs in the last CI, and/or is permitting some or all RRR STAs to sent a RR frame to the PC in the next CI, and the PC needs to acknowledge the receipt of a frame from a CF-Pollable STA a SIFS period before starting this transmission;

· VS update, a management frame for adding, changing, or deleting an outgoing VUS/VSS of a non-PC STA, the corresponding classifier and the QoS parameter set.

During the CFP under the extended PCF, Ext-Ack frames are also used by non-PC STAs to send a delayed acknowledgment to the data frames transmitted to the STAs and requiring delayed acknowledgement but the STAs have not done so.  RR frames are used by non-PC STAs to activate outgoing VUSs/VSSs of the STAs with the PC for bandwidth allocation.

Under the extended PCF, A Data + Ack frame sent by a non-PC STA in response to an extended-poll frame functions just as a Data + Ack frame sent by a PC, the Data being sent to the addressed recipient and the Ack sent to the STA that transmitted the last frame to the Acking STA.  Unless such piggybacked acknowledgment is possible, frame transmissions resulting from an extended-poll frame shall not be acknowledged immediately; their acknowledgment, when applicable, shall be separately scheduled, either in the same extended-poll frame or scheduled subsequently by the PC.  Ext-Ack frames generated at a given PC or STA do not belong to any particular VS, but shall have the first opportunity to be sent once the PC or STA receive a TO that may be given to any VS.  The PC or STAs that have frames pending acknowledgment shall continue to transmit subsequent frames at their next TOs, unless such frames are known to be lost and their retransmissions are still allowable. 

Unlike the base-poll frame, which is a unicast frame, the extended-poll frame and the CC frame are broadcast frames, even though they do not explicitly contain a broadcast receiver address field.  All associated STAs shall check into the Bandwidth Allocation field of a received extended-poll frame to determine if, when, and how much they are permitted to transmit.  All RRR STAs that sent a RR frame in the last CI but have not learned of a corresponding successful activation with the PC shall check into the Contention Feedback field of the received CC frame to determine if such a RR frame was successfully received by the PC in the last CI.  All RRR STAs shall check the Acknowledgment Policy subfield of the Frame Control field of the received CC frame to determine if they are eligible to send a RR frame over the next CI, and if eligible, process the Permission Probability field to determine if they are permitted to send the RR frame, and if permitted, process the CI field to determine in which CO to send the RR frame.

Transmissions and receptions under the PCF of a PC have certain inherent randomization effects in terms of being interference producers and victims of the transmissions and receptions in overlapping BSSs, thanks to the geographical dispersions of all STAs (including PCs) concerned and the asymmetric nature of radio channels with respect to transmission and reception.  This provides contention resolution to some extent in case collision occurs.  To further reduce the susceptibility to overlapping BSS collisions, the PC should alternate the assignment of TOs to different STAs (including itself) while performing scheduling based on QoS requirements.

9.3.8  (informative) Examples of centralized contention and scheduling algorithms

An example of the centralized contention algorithm may be designed as follows:

The number of COs desired in the next CI is given by the number of COs desired in the preceding CI, added by the number of collisions, and subtracted by the number of idles and successes, respectively, over the preceding CI.

A central scheduler may operate as follows:
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