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SAP for PAL QoS Controller

Introduction

This document takes a stab at specifying the SAP needed for a QoSC (quality of service controller) to reside in an 802.15.3b PAL instead of in the MLME
.    This SAP will be called the MLME-QoSC SAP throughout this document, though the MLME-QoSC SAP can be viewed as simply being a part of the overall 802.15.3b MLME SAP.  Throughout this document QoSC in the PAL will be referred to as QoSC-PAL, to distinguish it from QoSC-S (QoSC in source DEV), QoSC-D (QoSC in destination DEV), and QoSC-PNC (QoSC in PNC). 

Multiple PAL can be implemented and supported on a single 802.15.3b DEV.  Only the last section of this document and the subsection on dynamic channel selection examine multi-PAL DEV ramifications to the MLME-QoSC SAP.  Elsewhere, only a single PAL and QoSC-PAL are assumed to be present in each DEV and all DEV in the WPAN piconet have the same PAL.  

The features to be supported by the MLME-QoSC SAP can be broadly grouped into two parts, a measurement SAP and a control SAP.  The measurement SAP can be further partitioned into two parts, a measured-QoS SAP that conveys measured-QoS parameters for a stream to QoSC-PAL, i.e., the QoS currently being delivered, and a channel-condition SAP that conveys the MAC’s notion of the current channel conditions experienced between source and destination DEV to QoSC-PAL.  Note that the measured-QoS SAP is per stream, the channel-condition SAP is per peer, and the control SAP is a mixed bag – some information is per stream while other information is global to the WPAN piconet.  The control SAP allows QoSC-PAL to control WPAN free parameters associated with a stream and cooperatively influence more global WPAN parameters (aka quasi-free parameters).  

Possible issues surrounding how the power save status and capabilities of source and destination DEV interact with QoS needs and what kind of CTRqB needs to be generate are not addressed because I’m no longer sufficiently conversant with the details of 802.15.3 power save features.  Perhaps someone more up on the power-save side of things can address these issues.  

This document is organized as follows.  One section covers the measurement SAP and is divided into two parts, measured QoS and channel conditions.  Another section covers the control SAP.  The final section considers ramifications of more than one PAL present on a single DEV.  

Measurement SAP

This section details the measured-QoS stream SAP and measured peer channel-condition SAP.  

Measured-QoS Stream SAP

The measured-QoS stream SAP consists of the following items.  

Measured QoS Delay, Throughput and Reliability 

As per 3b MLME SAP proposal in 04/401r2, MLME-STREAM-STATUS.request/.confirm – repeated below for convenience.  

MLME-STREAM-STATUS.request/.confirm are used to retrieve a stream’s current measured QoS.  Parameters for the .request primitive include the following.

· StreamIndex:  Index of the stream who’s measured QoS is to be returned.  

MLME-STREAM-STATUS.confirm returns measured QoS in response to the MLME-STREAM-STATUS.request; parameters are as follows.

· ResultCode: (SUCCESS, FAILURE).

· ReasonCode

· StreamIndex

· MeasurementWindowSize

· MeasuredThroughput:  (Bps)

· MeasuredLatency:  (msec)

· MeasuredJitter:  (msec)  <Should this be provided?>

· MeasuredDroppedFrames:  Meaningful when ACK policy is Imm-ACK or Dly-ACK.

In addition to the 04/401r2 MLME-STREAM-STATUS proposed SAP, indication of a significant change in measured QoS is likely to be useful to QoSC-PAL.  But what counts as significant?  Should there be a SAP to control or define what counts as significant?  This question is left as an exercise for the reader.  

Below are possible parameters for an MLME-STREAM-STATUS.indication primitive.  

· ChangedQoSParameter:  (Power set of {MeasuredThroughput, MeasuredLatency, MeasuredJitter (?), MeasuredDroppedFrames})  Defines QoS parameters that have changed.

· StreamIndex

· MeasurementWindowSize

· MeasuredThroughput:  (Bps)

· MeasuredLatency:  (msec)

· MeasuredJitter:  (msec)  <Should this be provided?>

· MeasuredDroppedFrames:  Meaningful when ACK policy is Imm-ACK or Dly-ACK.

Measured Peer Channel-Condition SAP

Channel conditions can be assessed at a variety of places in the WPAN piconet and by a variety of means.  This subsection details SAP useful for QoS purposes.  

The measurement portion of the peer channel-condition SAP is difficult to circumscribe because there are many different ways to characterize and quantify channel conditions.  Measurements can attempt to characterize the channel from source DEV to destination DEV.  Alternately, measurements can attempt to characterize ambient RF noise levels at source or destination.  The measurements can also be PHY dependant and PHY-implementation dependant.  

As an initial pass, only the channel conditions defined in the 802.15.3 PHY are exposed.  Note that doing so limits the channel-condition information available to the QoSC-PAL to that provided by the standardized SAP.  The level of QoS implemented in QoSC-PAL is thereby limited.  By excluding additional channel quality information from being passed up, innovation is also limited.

Channel Status

The channel status query mechanism is as described in 802.15.3.  

The channel status mechanism can be used at any DEV in the piconet, as part of its QoSC effort, to assess channel conditions between it and another DEV.  The channel status mechanism can also be used by the PNC for a more general assessment of channel conditions as perceived by a DEV in the piconet, for example, as part of the PNC’s dynamic channel selection efforts, and more generally as part of the QoSC-PNC effort.  

Remote Scan

Remote scan mechanism is as described in 802.15.3.  It can be used by the PNC in support of its dynamic channel selection efforts, and thereby as part of its QoSC-PNC endeavor.

RSSI & LQI

RSSI (received signal strength indication) and LQI (link quality indication) measurements are taken every time a destination DEV receives a frame.  Thus in 802.15.3, they are only available at a stream’s destination DEV and therefore only of use to QoSC-D.  However, if 802.15.3b provides a way to pass RSSI and LQI back to the source DEV, they can then be used as part of QoSC-S.  One way they can be used, for example, is to increase transmit power without having to wait until conditions get so bad that MPDU are lost.  However, QoSC-PAL will need to first determine the normal variability of receive power in the channel due to fading (this can easily be 10-20 dB even within a superframe).

MLME-RSSI-LQI.indication provides RSSI and LQI for each frame received to destination QoSC-PAL.  The MAC/MLME is just a pass-through for the information, which originates with the PHY-RX-START.indication and PHY-RX-END.indication primitives.  Parameters for the MLME-RSSI-LQI.indication include the following.  Note that the MAC will still manage these parameters for asynchronous data.

· RSSI:  Power level of the received MPDU.

· LQI:  Link quality indication level for the received MPDU.

· StreamIndex:  The index of the stream for the MPDU received.

When RSSI and LQI are passed back to the source DEV, MLME-RSSI-LQI.indication can also be made available to the source DEV QoSC-PAL.  In this case, MLME-RSSI-LQI.indication would still be a pass-through of RSSI and LQI, but now from destination PHY to source PAL.  

Control SAP

The control SAP allows QoSC-PAL to manipulate aspects of the WPAN piconet to maintain delivery of contracted QoS.  The following WPAN piconet aspects are to be controlled or influenced.

· MSDU fragment size.

· Tx power level.

· Data rate.

· Dynamic channel selection.

· Requested number and size of CTA via CTRqB parameters.

· ACK policy.

· Maximum number of retransmissions when ACK policy is Imm-ACK or Dly-ACK.

· Whether a pseudo-static or dynamic isochronous stream creation is requested.

· Piconet parameters such as superframe duration and superframe phase (position).

· Antenna selection when antenna diversity is available.

Each item or group of items has is treated below in its own subsection.

MSDU Fragment Size

MLME-FRAGMENT-SIZE.request/.confirm are used to set a stream’s fragmentation size – the MPDU size MSDU are split into for OTA (over the air) transmission.  Parameters for the .request primitive include the following.

· FragmentSize:  The new maximum MPDU size for the stream.

· StreamIndex:  The stream index to which the specified FragmentSize applies.

MLME-FRAGMENT-SIZE.confirm parameters are as follows.

· ResultCode:  (SUCCESS, FAILURE).

· ReasonCode:  (ILLEGAL_FRAGMENTATION_SIZE, NO_SUCH_STREAM)  Upon FAILURE

Tx Power Level

MLME-TX-POWER.request/.confirm are used to set a stream’s transmit power level.  Parameters for the .request primitive include the following.

· TxPower:  The new transmit power level.

· StreamIndex:  The stream index to which the specified TxPower applies.

MLME-TX-POWER.confirm parameters are as follows.

· ResultCode:  (SUCCESS, FAILURE).

· ReasonCode:  (ILLEGAL_TX_POWER, NO_SUCH_STREAM) Upon FAILURE

The MAC will still be responsible for managing the TX power level for asynchronous data.

Data Rate

MLME-DATA-RATE.request/.confirm are used to set a stream’s transmission data rate.  Parameters for the .request primitive include the following.

· DataRate:  The new data transmission rate for the stream.  (11, 22, 33, 44, 55)

· StreamIndex:  The stream index to which the specified DataRate applies.

MLME-DATA-RATE.confirm parameters are as follows.

· ResultCode: (SUCCESS, FAILURE).

· ReasonCode:  (ILLEGAL_DATA_RATE, NO_SUCH_STREAM) Upon FAILURE

The MAC will still be responsible for managing the data rate for asynchronous data.

How To Know Supported Data Rates?

How does QoSC-PAL know what data rates are supported, both for the source DEV and for the destination DEV?  This is a problem that requires an additional SAP for the MLME to provide the supported data rates for at least the destination DEV, and possibly for all DEV in the piconet (possibly including the source DEV).  Which data rates are supported may influence the choice of which DEV should be chosen as destination.  

Note that 802.15.3 clause 6.3.5 could provide this information for all DEV in the piconet.  However, if this part of the DME now resides in the MLME in 802.15.3b, then a additional pass-through indication SAP will need to be provided to make the supported data rates available to QoSC-PAL.  

This is a required SAP that fits into neither measurement SAP nor control SAP.  Perhaps a new category is needed, a DEV capability SAP.  In any case, because the provided information is data rate capability I’ve chosen to place the primitive here, next to the data rate specification primitives.

The details of this SAP, e.g., request/confirm versus indication/response and exactly what parameters are passed, are left as an exercise for the reader.  

Dynamic Channel Selection

When channel conditions deteriorate, dynamic channel selection allows an 802.15.3 WPAN PNC to move to a better channel in a coordinated, seamless fashion.  Channel quality has a direct impact on QoSC’s ability to deliver QoS.  The degree to which the current channel’s poor conditions reduce QoSC’s ability to deliver QoS is in large part the motivation for the WPAN to switch to a better channel.  

The Remote Scan Response command can be used by DEVs in the piconet to communicate to the PNC the status of the channel in their immediate area in response to a request from the PNC or if a non-child non-neighbor piconet beacon is received.  The PNC can use this information to determine when to switch channels as well as the channel to switch to.  However, these mechanisms provide no direct way for a QoSC to indicate to the PNC a channel change desire.  Similarly, only a channel quality ranking is provided by the remote scan without a quantitative measure of how much better a higher-ranked channel is as compared to a lower-ranked channel.  

For the long-term QoS abstract architecture (see 04/588), a cooperative model of the channel change decision process is needed in which the PNC collects channel condition improvement needs of all QoSC on an ongoing basis, and then makes channel change decisions based on the perceived benefit to the entire WPAN.  Providing such a QoSC-perceived channel condition collection mechanism requires OTA signaling.  No means of communicating QoSC needs for a better channel are provided in 802.15.3; 802.15.3 QoS is thereby limited.  OTA signaling to communicate QoSC needs for a better channel can be supported in 802.15.3b.  However, it will require new OTA MAC commands.  The 802.15.3b working group needs to decide what it wants to do, if anything, about this issue.  

Thus far in the discussion of dynamic channel selection and QoS, the impact of where QoS resides in a DEV (MAC/MLME or PAL) has not been discussed.  When multiple PAL are present in a DEV, they may have disparate views of the need for channel condition improvement via switching to a better channel.  These potentially conflicting views will need to be dealt with in some fashion.  One possibility is to implement a multiplex/merge function/entity between the PAL and the MAC/MLME so that a single merged view of the QoS need of channel change is sent to the PNC.  Another possibility is to allow each QoSC-PAL to independently send its view of the need for a channel change to the PNC and let the PNC sort out the potentially conflicting views.  This latter approach might make sense since the PNC has to sort out the potentially conflicting views of multiple DEV anyway.

CTA Features and Default ACK Policy

MLME-CREATE-STREAM.request/.confirm is as specified in 802.15.3 with the exceptions that the name of the user priority parameter has been changed from Priority to UserPriority to reflect that 802.1p user priority is being set, and ACK policy specification has been moved to the MAC-ISOCH-DATA.request.  These primitives are used to control the following QoS-relevant stream channel time features when a stream is created.

· UserPriority:  (0-7) 802.1p user priority.

· CTAType:  (DYNAMIC, PSEUDO-STATIC)

· CTARateType:  (SUB_RATE, SUPER_RATE)

· CTARateFactor:  (0-65535) Controls super-rate/sub-rate CTA frequency.

· CTRqTU:  (0-65535) Defines duration of a TU.

· MinNumTUs:  (0-255) Minimum number of TUs required.  

· DesiredNumTUs:  (0-255) Preferred number of TU desired. 

MLME-CREATE-STREAM.confirm is as specified in 802.15.3.

MLME-MODIFY-STREAM.request/.confirm is as specified in 802.15.3 with the exception that the name of the user priority parameter has been changed from Priority to UserPriority to reflect that 802.1p user priority is being set.  MLME-MODIFY-STREAM.request is used to modify the following QoS-relevant stream channel time and ACK policy features when a stream is modified.  

· UserPriority:  (0-7) 802.1p user priority.

· CTAType:  (DYNAMIC, PSEUDO-STATIC)

· CTARateType:  (SUB_RATE, SUPER_RATE)

· CTARateFactor:  (0-65535) Controls super-rate/sub-rate CTA frequency.

· CTRqTU:  (0-65535) Defines duration of a TU.

· MinNumTUs:  (0-255) Minimum number of TUs required.  

· DesiredNumTUs:  (0-255) Preferred number of TU desired. 

MLME-MODIFY-STREAM.confirm is as specified in 802.15.3.

ACK Policy & Max Retransmissions

An ACKPolicy primitive (IMM_ACK, NO_ACK, DLY_ACK) is set by QoSC-PAL on a frame-by-frame basis via the 802.15.3 MAC-ISOCH-DATA.request primitive.  In addition, a MaxRetransmissions parameter has been added to the MAC-ISOCH-DATA.request primitive to specify, when ACK policy is Imm_ACK or DLY_ACK, the maximum number of retransmissions for the MSDU (0-255).  Together, these allow  per-MSDU control and/or augmentation of reliability.  

The MAC will still manage the ACK policy and number of retransmissions for asynchronous data.

Superframe Duration & Position

Superframe duration and position are important WPAN piconet attributes for manipulation by a QoSC as a means of avoiding, or at least limiting the impact of, periodic interference sources such as microwave ovens.  Unfortunately, 802.15.3 is not capable of communicating QoSC-S’ desire to modify the duration and/or position of the superframe to the PNC, the entity that, in 802.15.3, actually makes the change.  Addressing this shortcoming is part of the long-term QoS abstract architecture effort described in 04/588 and is not considered further here.  

Source Antenna Selection

MLME-SOURCE_ANTENNA.request/.confirm are used to set the antenna used to transmit a stream’s data.  The MAC/MLME is probably just a pass-through for this information flowing between QoSC-PAL and PHY via the PHY-TX-START.request/.confirm.  Parameters for the .request primitive include the following.

· Antenna:  Antenna to be used to transmit data for the stream.

· StreamIndex:  The stream index to which the specified Antenna applies.

MLME- SOURCE-ANTENNA.confirm parameters are as follows.

· ResultCode: (SUCCESS, FAILURE).

· ReasonCode:  (ILLEGAL_ANTENNA_VALUE, NO_SUCH_STREAM) Upon failure.

The MAC will still manage antenna selection for asynchronous data.

Multi-PAL DEV & The MLME-QoSC SAP

The MLME SAP presented are intended to provide QoSC-PAL the information it needs to assess QoS currently being provided and current channel conditions between the source and destination DEV, and to make changes in stream and WPAN piconet characteristics to maintain desired QoS levels.  All this must be done while at the same time maximizing channel utilization, i.e., minimizing wasted channel time due to excessive headroom
.  

It has been assumed that each DEV has only a single PAL.  This assumption is unrealistic.  A single 802.15.3 DEV may well have multiple PAL, for example, a 1394 PAL, a wireless USB PAL, and an IP PAL.  In this case, control of WPAN QoS features that span streams must be controlled jointly by the various combinations of PAL present and the WPAN PNC.  Current example of such WPAN features are dynamic channel selection, superframe duration and superframe position.  

This may not be much of a problem for the near-term QoS abstract architecture (see 04/588); because control of the WPAN features to be jointly controlled resides exclusively in the PNC, joint control is not possible.  But more-capable QoS will necessitate moving to an architecture like the long-term QoS abstract architecture (again, see 04/588), where control of these features is shared across several entities.  How to formalize and expose shared control of these features across both the MLME SAP and OTA QoS protocol exchanges when multiple PAL are present in a DEV is problematic, to say the least.  

�Please see 04/588 for a proposal for a near-term and long-term QoS abstract architecture, including a reference diagram (Figure 4) showing the QoSC residing in the MLME.  In this document QoSC is assumed to reside in the PAL.  Of course, where QoSC resides need not be exclusive, all in one place.  QoSC can be distributed, for example, with part residing in the PAL and part residing in the MAC.  


� Headroom is QoS bandwidth capacity reserve, i.e., channel time allocation.  
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