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Abstract

This submission contains normative text for the minimum set of Mandatory Parameters that need to be supplied in the TSPEC element when polling service is required, and a the reference design for a simple scheduler that meets the Minimum Performance Requirements specified in IEEE 802.11-02/709r0.

Editing instructions are shown (like this).

Add the following normative text where appropriate
A minimum set of TSPEC parameters shall be specified to a value different than ‘0’ during the TSPEC negotiation. This is the minimum set of parameters so the scheduler can determine the schedule for an admitted stream. These parameters are Mean Data Rate, Nominal MSDU Size and at least one of Maximum Service Interval or Delay Bound shall be specified. These parameters shall be different than ‘0’ in the AddTS QoS Action Response frame when a stream is admitted. If any of the parameters have a value of ‘0’ in the AddTS QoS Action Request frame sent by the WSTA, the HC may reject the stream or the HC shall provide alternative TSPEC parameters to the WSTA in the AddTS QoS action response frame. The QSTA shall recognize these parameters If both Maximum Service Interval and Delay Bound are specified the scheduler and admission control unit may use Maximum Service Interval only. If any other parameter is also specified in the TSPEC element, the scheduler may or may not ignore it when calculating the schedule for the stream. The admission control unit and scheduler may also use the User Priority value in the TS Info field. If the User Priority value is not specified, a default value of ‘0’ shall be used by the admission control unit and the scheduler. The mandatory set of parameters can be set by any higher layer entity or may be generated autonomously by the MAC. If the requesting WSTA does not specify any value to the mandatory parameters, the HC shall set the values in the AddTS QoS Action Response frame.

Add the following informative clause 

9.10.2.4.3 Reference Design for a Simple Scheduler and Admission Control Unit (Informative)

This clause provides the guidelines for the design of a simple scheduler and admission control unit that meet the minimum performance requirements as specified in clause 9.10.2.4. The scheduler and admission control unit use the minimum set of mandatory TSPEC parameters as specified in clause 7.3.2.15.

9.10.2.4.3.1 A Simple Scheduler 

This clause includes the reference design for a Simple Scheduler. The simple scheduler uses the mandatory set of TSPEC parameters to generate a schedule: Mean Data Rate, Nominal MSDU Size and Maximum Service Interval or Delay Bound. If both Maximum Service Interval and Delay Bound are specified by the WSTA in the TSPEC, the Simple Scheduler uses the Maximum Service Interval for the calculation of the schedule.

The schedule generated by the simple scheduler meets the minimum performance requirements as specified in clause 9.10.2.4. The schedule for an admitted stream is calculated in two steps. The first step is the calculation of the Scheduled Service Interval (SI). In the second step, the TXOP duration for a given SI is calculated for the stream.

The calculation of the Scheduled Service Interval is done as follows. First the scheduler calculates the minimum of all Maximum Service Intervals for all admitted streams. Let this minimum be “m”. Second, the scheduler chooses a number lower than “m” that it is a submultiple of the beacon interval. This value will be the Scheduled Service Interval for all WSTAs with admitted streams. See figure 1.

For the calculation of the TXOP duration for an admitted stream, the simple scheduler uses the following parameters: Mean Data Rate (()
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 and Nominal MSDU Size (L) from the negotiated TSPEC, the Scheduled Service Interval (SI) calculated above, Physical Transmission Rate (R), Size of Maximum MSDU , i.e., 2304 bytes (M) and Overheads in time units (O). The Physical Transmission Rate is the Minimum PHY Rate negotiated in the TSPEC. If Minimum PHY Rate is not committed in AddTS response frame, the scheduler can use observed PHY rate as R. The Overheads in time includes interframe spaces, ACKs and CF-Polls. For simplicity, details for the overhead calculations are omitted in this clause. The TXOP duration is calculated as follows. First the scheduler calculates the number of MSDUs that arrived at the Mean Data Rate during the SI. This number is N:
Then the scheduler calculates the TXOP duration as the maximum of (1) time to transmit Ni frames at Ri and (2) time to transmit one maximum size MSDU at Ri (plus overheads):
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An example is shown in the following figure. Stream from QSTA “i” is admitted. The beacon interval is 100 ms and the Maximum Service Interval for the stream is 60 ms. The scheduler calculates a Scheduled Service Interval (SI) equal to 50 ms using the steps explained above.
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Figure 1. Schedule for stream from QSTA “i”.

The same process is repeated continuously while the Maximum Service Interval for the admitted stream is smaller than current SI. An example is shown in the following figure:
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Figure 2. Schedule for streams from QSTAs “i” to “k”.

If a new stream is admitted with a Maximum Service Interval smaller than the current SI, the scheduler needs to change the current SI to a smaller number than the Maximum Service Interval of the newly admitted stream. Therefore the TXOP duration for the current admitted streams needs also to be recalculated with the new SI.

If a stream is dropped, the scheduler may use the time available to resume contention. The scheduler may also choose to move the TXOPs for the QSTAs following the QSTA dropped to use the unused time. An example is shown in figure 3, when stream for QSTA j is removed. However, this last option may require the announcement of a new schedule to all QSTAs.
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Figure 3. Reallocation of TXOPs when a stream is dropped.

Different modifications can be implemented to improve the performance of the minimum scheduler. For example, a scheduler may generate different Scheduled Service Intervals (SI) for different QSTAs, and/or a scheduler may consider a sandbag factor when calculating the TXOP durations to accommodate for retransmissions.
9.10.2.4.3.2 An Admission Control Unit

This clause describes a reference design for an Admission Control Unit (ACU). The ACU uses the same set of parameters that the scheduler uses in clause 9.10.2.4.3.1. 

When a new stream requests for admission, the admission control process is done in three steps. First, the ACU calculates the number of MSDUs that will arrive at the Mean Data Rate during the Scheduled Service Interval. The Scheduled Service Interval (SI) is the one that the scheduler calculates for the stream as specified in clause 9.10.2.4.3.1. For the calculation of number of MSDUs the ACU uses the equation for Ni shown in 9.10.2.4.3.1. Second, the ACU calculates the TXOP duration that needs to be allocated for the stream. The ACU uses the equation for TXOPi shown in 9.10.2.4.3.1. And third the ACU decides if the stream is admitted when the following equation holds:

where k+1 stands for the newly arriving stream and the summation index counts for the streams already admitted and undergoing service from the HC. T indicates the beacon interval and TCP is the time used for EDCF traffic.

The ACU should also consider the value for dot11CAPlimit, i.e., the scheduler shall not allocate TXOPs that exceed dot11CAPlimit. The ACU may also consider additional time to allow for retransmissions.

The ACU ensures that all admitted streams have guaranteed access to the channel. Any modification can be implemented for the design of the ACU. For example, priority based ACU is possible by examining the User Priority Field in TSPEC to decide whether to admit, retain or drop a stream. If the User Priority is not specified, a default value of ‘0’ will be used. If a higher priority stream needs to be serviced, an ACU may drop lower priority streams
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