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Abstract

This submission contains the normative text related to changes required in 802.11 in order to support 802.1Qat SRP over 802.11. This document is based on the presentation in document 09/926r7.
7.4.2.2 ADDTS Response frame format

The ADDTS Response frame is transmitted to a non-AP STA
· in response to an ADDTS request frame from the non-AP STA or 
· autonomously by the SME at the AP in response to a higher layer protocol. 
The frame body of the ADDTS Response frame contains the information shown in Table 7-47 (ADDTS Response frame body).
Table 7-47—ADDTS Response frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	Status Code

	5
	TS Delay

	6
	TSPEC

	7-n
	TCLAS (optional)

	n+1
	TCLAS Processing (optional)

	n+2
	Schedule


The Category field is set to 1(representing QoS).

The Action field is set to 1 (representing ADDTS response).

The Status Code field is defined in 7.3.1.9 (Status Code field).

The Dialog Token, TS Delay, TSPEC, TCLAS, and TCLAS Processing fields in this frame are contained in an MLME-ADDTS.response primitive that causes the frame to be sent. The TS Delay information element is present in an ADDTS Response frame only if the status code is set to 47. The Schedule element, defined in 7.3.2.34, is present in an ADDTS Response frame only if the status code is set to 0 (i.e., when the TS is admitted).
If a TSPEC is admitted in response to a higher layer protocol at the AP, an ADDTS Response frame  is sent autonomously to the non-AP STA where,

· the Dialog Token field is set to zero,

· TSPEC is set to the TSPEC that the AP has admitted autonomously for the non-AP,

· TCLAS and TCLAS processing fields are not present,
· the Status Code is set to 0 (the corresponding TSPEC is admitted),and
· the Schedule element is set to reflect schedule information corresponding to the TSPEC specification
9.9.3 Admission Control at the HC

9.9.3.1 Contention-based admission control procedures

9.9.3.1.0a General

A non-AP STA may support admission control procedures in 9.9.3.1.2 (Procedure at non-AP STAs) to send frames in the AC where admission control is mandated; but, if it does not support that procedure, it shall use EDCA parameters of a lower priority AC, as indicated in Table 9-1 (UP-to-AC mappings), that does not require admission control. APs shall support admission control procedures, at least to the minimal extent of advertising that admission is not mandatory on its ACs.

The AP uses the ACM (admission control mandatory) subfields advertised in the EDCA Parameter Set element to indicate whether admission control is required for each of the ACs. While the CWmin, CWmax, AIFS, TXOP limit parameters may be adjusted over time by the AP, the ACM bit shall be static for the duration of the lifetime of the BSS. An ADDTS Request frame shall be transmitted by a non-AP STA to the HC in order to request admission of traffic in any direction (i.e., uplink, downlink, direct, or bidirectional) employing an AC that requires admission control. The ADDTS Request frame shall contain the UP associated with the traffic and shall indicate EDCA as the access policy. The AP shall associate the received UP of the ADDTS Request frame with the appropriate AC per the UP-to-AC mappings described in 9.1.3.1 (HCF contention-based channel access (EDCA)). The non-AP STA may transmit unadmitted traffic for the ACs for which the AP does not require admission control. If a STA desires to send data without admission control using an AC that mandates admission control, the STA shall use EDCA parameters that correspond to a lower priority and do not require admission control. All ACs with priority higher than that of an AC with an ACM flag equal to 1 should have the ACM flag set to 1
9.9.3.1.1 Procedures at the AP

Regardless of the AC’s ACM setting, the AP shall respond to an ADDTS Request frame with an ADDTS Response frame that may be to accept or deny the request. On receipt of an ADDTS Request frame from a non-AP STA or in response to a higher layer protocol at the AP, the AP shall make a determination about whether to

a) Accept the request, or

b) Deny the request.

The algorithm used by the AP to make this determination is a local matter. If the AP decides to accept the request, the AP shall also derive the medium time from the information conveyed in the TSPEC element in the ADDTS Request frame. The AP may use any algorithm in deriving the medium time, but K.2.2 (Deriving medium time) provides a procedure that may be used. Having made such a determination, the AP shall transmit a TSPEC element to the requesting non-AP STA contained in an ADDTS Response frame. If the AP is accepting the request, the Medium Time field shall be specified.

9.9.3.1.2 Procedure at non-AP STAs

Each EDCAF shall maintain two variables: admitted_time and used_time.The admitted_time and used_time shall be set to 0 at the time of (re)association. The non-AP STA may subsequently decide to explicitly request medium time for the AC that is associated with the specified priority.

In order to make such a request, the non-AP STA shall transmit a TSPEC element contained in an ADDTS Request frame with the following fields specified (i.e., nonzero): Nominal MSDU Size, Mean Data Rate, Minimum PHY Rate, Inactivity Interval, and Surplus Bandwidth Allowance. The Medium Time field is notused in the request frame and shall be set to 0.

On receipt of a TSPEC element contained in a ADDTS Response frame indicating that the request has been accepted, the non-AP STA shall recompute the admitted_time for the specified EDCAF as follows:

admitted_time = admitted_time + dot11EDCAAveragingPeriod * (medium time of TSPEC).

The non-AP STA may choose to tear down the explicit request at any time. For the teardown of an explicit admission, the non-AP STA shall transmit a DELTS frame containing the TSID and direction that specify the TSPEC to the AP.

If the non-AP STA sends or receives a DELTS frame, it shall recompute the admitted_time for the specified EDCAF as follows:

admitted_time = admitted_time – dot11EDCAAveragingPeriod * (medium time of TSPEC).

To describe the behavior at the non-AP STA, two parameters are defined. The parameter used_time signifies the amount of time used, in units of 32 μs, by the non-AP STA in dot11EDCAAveragingPeriod. The parameter admitted_time is the medium time allowed by the AP, in units of 32 μs, in dot11EDCA-AveragingPeriod. The non-AP STA shall update the value of used_time:

a) At dot11EDCAAveragingPeriod second intervals

used_time = max((used_time – admitted_time), 0)

b) After each successful or unsuccessful MPDU (re)transmission attempt,

used_time = used_time + MPDUExchangeTime

The MPDUExchangeTime equals the time required to transmit the MPDU sequence. For the case of an MPDU transmitted with Normal Ack policy and without RTS/CTS protection, this equals the time required to transmit the MPDU plus the time required to transmit the expected response frame plus one SIFS. Frame exchange sequences for Management frames are excluded from the used_time update. If the used_time value reaches or exceeds the admitted_time value, the corresponding EDCAF shall no longer transmit using the EDCA parameters for that AC as specified in the QoS Parameter Set element. However, a non-AP STA may choose to temporarily replace the EDCA parameters for that EDCAF with those specified for an AC of lower priority, if no admission control is required for those ACs.

If, for example, a non-AP STA has made and had accepted an explicit admission for a TS and the channel conditions subsequently worsen, possibly including a change in PHY data rate so that it requires more time to send the same data, the non-AP STA may make a request for more admitted_time to the AP and at the same time downgrade the EDCA parameters for that AC for short intervals in order to send some of the traffic at the admitted priority and some at the unadmitted priority, while waiting for a response to the admission request.

9.9.3.2 Controlled-access admission control

This subclause describes the schedule management of the admitted HCCA streams by the HC. When the HC provides controlled channel access to non-AP STAs, it is responsible for granting or denying polling service to a TS based on the parameters in the associated TSPEC. If the TS is admitted, the HC is responsible for scheduling channel access to this TS based on the negotiated TSPEC parameters. The HC should not initiate a modification of TSPEC parameters of an admitted TS unless requested by the STA or by the SME. The HC should not tear down a TS unless explicitly requested by the STA, explicitly request by the SME or at the expiry of the inactivity timer. The polling service based on admitted TS provides a “guaranteed channel access” from the scheduler in order to have its QoS requirements met. This is an achievable goal when the WM operates free of external interference (such as operation within the channel by other technologies and co-channel overlapping BSS interference). The nature of wireless communications may preclude absolute guarantees to satisfy QoS requirements. However, in a controlled environment (e.g., no interference), the behavior of the scheduler can be observed and verified to be compliant to meet the service schedule.

The normative behavior of the scheduler is as follows:

— The scheduler shall be implemented so that, under controlled operating conditions, all STAs with admitted TS are offered TXOPs that satisfy the service schedule.

— Specifically, if a TS is admitted by the HC, then the scheduler shall service the non-AP STA during an SP. An SP is a contiguous time during which a set of one or more downlink unicast frames and/or one or more polled TXOPs are granted to the STA. An SP starts at fixed intervals of time specified in Service Interval field. The first SP starts when the lower order 4 octets of the TSF timer equals the value specified in Service Start Time field.36. Additionally, the minimum TXOP duration shall be at least the time to transmit one maximum MSDU size successfully at the minimum PHY rate specified in the TSPEC. If maximum MSDU size is not specified in the TSPEC, then the minimum TXOP duration shall be at least the time to transmit one nominal MSDU size successfully at the minimum PHY rate. The vendors are free to implement any optimized algorithms, such as reducing the polling overheads, increasing the TXOP duration, etc., within the parameters of the transmitted schedule.

When the HC aggregates the admitted TS, it shall set the Aggregation field in the granted TSPEC to 1. An AP shall schedule the transmissions in HCCA TXOPs and communicate the service schedule to the non-AP STA. The HC shall provide an aggregate service schedule if the non-AP STA sets the Aggregation field in its TSPEC request. If the AP establishes an aggregate service schedule for a non-AP STA, it shall aggregate all HCCA streams for the STA. The service schedule is communicated to the non-AP STA in a Schedule element contained in an ADDTS Response frame. In the ADDTS Response frame, the modified service start time shall not exceed the requested service start time, if specified in ADDTS Request frame, by more than one maximum service interval (SI). The HC uses the maximum SI for the initial scheduling only as there may be situations that HC may not be able to service the TS at the scheduled timing, due to an EDCA or DCF transmission or

other interferences interrupting the schedule. The Service Interval field value in the Schedule element shall be greater than the minimum SI. The service schedule could be subsequently updated by an AP as long as it meets TSPEC requirements.

The HC may update the service schedule at any time by sending a Schedule element in a Schedule frame. The updated schedule is in effect when the HC receives the ACK frame for the Schedule frame. The service start time in the Schedule element in the Schedule frame shall not exceed the beginning of the immediately previous SP by more than the maximum SI. The service start time shall not precede the beginning of the immediately previous SP by more than the minimum SI.

A non-AP STA may affect the service schedule by modifying or deleting its existing TS as specified in 11.4 (TS operation).

K.3.1 (Guidelines for deriving service schedule parameters) provides guidelines for deriving an aggregate service schedule for a single non-AP STA from the non-AP STA’s admitted TS. The schedule shall meet the QoS requirements specified in the TSPEC. 

During any time interval [t1, t2] including the interval that is greater than the specification interval, the cumulative TXOP duration shall be greater than the time required to transmit all MSDUs (of nominal MSDU size) arriving at the mean data rate for the stream, over the period [t1, t2 – D]. The parameter D is set to the specified maximum SI in the TSPEC. If maximum SI is not specified, then D is set to the delay bound in the TSPEC.

The HC shall use the minimum PHY rate in calculating TXOPs if the minimum PHY rate is present in the TSPEC field in the ADDTS response. Otherwise, the HC may use an observed PHY rate in calculating TXOPs. Non-AP STAs may have an operational rate lower than the minimum PHY rate due to varying conditions on the channel for a short time and still may be able to sustain the TS without changing the minimum PHY rate in the TSPEC.

A minimum set of TSPEC parameters shall be specified during the TSPEC negotiation. The specification of a minimum set of parameters is required so that the scheduler can determine a schedule for the stream that is to be admitted. These parameters are Mean Data Rate, Nominal MSDU Size, Minimum PHY Rate, Surplus Bandwidth Allowance, and at least one of Maximum Service Interval and Delay Bound in the ADDTS Request frame. In the ADDTS Response frame, these parameters are Mean Data Rate, Nominal MSDU Size, Minimum PHY Rate, Surplus Bandwidth Allowance, and Maximum Service Interval and shall be nonzero when a stream is admitted.

If any of the elements in the minimum set of parameters does not have the required nonzero value, as specified above in this subclause, in the ADDTS Request frame, the HC may replace the unspecified parameters with nonzero values and admit the stream, or it may reject the stream. If the HC admits the stream with the alternative set of TSPEC parameters, these parameters are indicated to the non-AP STA through the ADDTS Response frame. If both maximum SI and delay bound are specified, the HC may use only the maximum SI. If any other parameter is specified in the TSPEC element, the scheduler may use it when calculating the schedule for the stream. The HC may also use the UP value in the TS Info field for admission control or scheduling purposes; however, this decision is outside the scope of this standard. The mandatory set of parameters can be set by any higher layer entity or may be generated autonomously by the MAC.

If a STA specifies a nonzero minimum SI and if the TS is admitted, the HC shall generate a schedule that conforms to the specified minimum SI.

A reference design for a sample scheduler and admission control unit is provided in Annex K. A sample use of the TSPEC for admission control is also described in Annex K.
10.3.24.4 MLME-ADDTS.response
10.3.24.4.1 Function
This primitive responds to the request for a TS addition (or modification) by a specified non-AP STA MAC

entity.

10.3.24.4.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-ADDTS.response (

ResultCode,

DialogToken,

Non-APSTAAddress,

TSDelay,

TSPEC,


Schedule,

TCLAS,

TCLASProcessing,

VendorSpecificInfo
)
	Name 
	Type 
	Valid Range
	Description

	Resultcode
	Enumeration
	SUCCESS, INVALID_PARAMETERS,

REJECTED_WITH_SUGGESTED_

CHANGES,

REJECTED_FOR_DELAY_PERIOD,

TIMEOUT, TRANSMISSION_FAILURE
	Indicates the results of the corresponding MLMEADDTS. Indication primitive.
Set to SUCCESS, if the response is generated AP is responding to a higher layer protocol

	DialogToken
	Integer
	0 or 
as defined in the corresponding MLMEADDTS. indication
	DialogToken of the matching MLME-ADDTS.indication primitive.
Set to 0, if the response is generated AP is responding to a higher layer protocol

	Non AP STA Address
	MAC Address
	
	Contains the non-AP STA address of the matching MLME-ADDTS.indication primitive or the non-AP STA address specified by the higher layer protocol in response to which the SME at the AP invokes this primitive 

	TSDelay
	Integer
	>= 0
	When the result code is

REJECTED_FOR_DELAY_

PERIOD, provides the amount of

time a STA should wait before

attempting another ADDTS

request frame.
Set to 0, if the response is generated AP is responding to a higher layer protocol

	TSPEC
	As defined in frame format
	As defined in frame format
	Specifies the QoS parameters of the TS.

	Schedule
	As defined in frame format
	As defined in frame format
	Specifies the schedule

information, service start time, SI, and the specification interval.

	TCLAS (0 or more)
	As defined in frame format
	As defined in frame format
	Specifies the rules and

parameters by which an

MSDU may be classified to the specified TS.
This parameter is not present if this primitive is invoked by the SME at the AP in response to a higher layer protocol.

	TCLASProcessing 
	As defined in frame format
	As defined in frame format
	Specifies how the TCLAS

elements are to be processed

when there are

multiple TCLAS elements.
This parameter is not present if this primitive is invoked by the SME at the AP in response to a higher layer protocol.

	 VendorSpecificInfo
	A set of information elements
	As defined in 7.3.2.26 (VendorSpecific information element)
	Zero or more information elements.


The following apply to the case where this primitive is generated as a result of the SME at the HC receiving a MLME-ADDTS.indication:
· The DialogToken and non-AP STA Address parameters contain the values from the matching MLMEADDTS. indication primitive.
· If the result code is SUCCESS, the TSPEC and (optional) TCLAS parameters contain the values from the matching MLME-ADDTS-indication.
· If the result code is REJECTED_WITH_SUGGESTED_CHANGES, the TSPEC and TCLAS parameters represent alternative proposed TS. The TS, however, is not created. The TSID and direction values within the TSPEC are as in the matching MLME-ADDTS.indication primitive. The difference may lie in the QoS(e.g., minimum data rate, mean data rate, and delay bound) values, as a result of admission control performed at the SME of the HC on the TS requested to be added (or modified) by the non-AP STA. If sufficient bandwidth is not available, the QoS values may be reduced. In one extreme, the minimum data rate, mean data rate, and delay bound may be all set to 0, indicating that no QoS is to be provided to this TS.

10.3.24.4.3 When generated

This primitive is generated by the SME at the HC 
· as a result of an MLME-ADDTS.indication primitive to initiate addition (or modification) of a TS with a specified peer MAC entity or entities, or
· in response to higher layer protocol 
10.3.24.4.4 Effect of receipt

This primitive approves addition (or modification) of a TS requested by or on behalf of a specified non-AP STA MAC entity, with or without altering the TSPEC.
This primitive causes the MAC entity at the HC to send an ADDTS Response frame in the corresponding QoS Action management frame to the requesting non-AP STA containing the specified parameters.
11.4 TS operation

11.4.1 Introduction

A TSPEC describes the traffic characteristics and the QoS requirements of a TS. The main purpose of the TSPEC is to reserve resources within the HC and modify the HC’s scheduling behavior. It also allows other parameters to be specified that are associated with the TS, such as a traffic classifier and acknowledgment policy.

A TS may have one or more TCLAS (within the discretion of the STA that sets up the stream) associated with it. The AP uses the parameters in the TCLAS elements to filter the MSDUs belonging to this TS so that they can be delivered with the QoS parameters that have been set up for the TS.

TSPEC and the optional TCLAS elements are transported on the air by the ADDTS, in the corresponding QoS Action frame and across the MLME SAP by the MLME-ADDTS primitives.

Following a successful negotiation, a TS is created, identified within the non-AP STA by its TSID and direction, and identified within the HC by a combination of TSID, direction, and non-AP STA address.

It is always the responsibility of the non-AP STA to initiate the creation of a TS regardless of its direction, except in the case where a TS is created by the AP in response to a higher layer protocol
11.4.4 TS setup

A TS is setup can be initiated by an AP or a non-AP STA. Figure 11-8aa shows the sequence of messages occurring at a TS setup when initiated by the AP. Figure 11-8 shows the sequence of messages occurring at a TS setup when initiated by a non-AP STA. This message sequence in this figure and in the subsequent figures does not show the acknowledgment.
TGaa Editor: Insert Figure 11-8aa and change the title of Figure 11-8 from “TS Setup” to “TS Setup when initiated by a non-AP STA”
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