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1 Introduction

This document discusses possible MAC-hs header formats that would satisfy the requirements imposed by agreements made during RAN2#56 bis and discusses some open issues. The agreements pertaining to the MAC-hs header so far are [1]

 REF _Ref158188858 \r \h 
[2]:
· Lower MAC-hs header field (e.g. DDI or Priority Queue ID) is used to multiplex/demultiplex MAC-d SDUs
· Reordering in MAC-hs and TSN in MAC-hs PDU kept in the Rel-6.
· MAC-hs header indicates if MAC segmentation has been performed.

· Logical channel ID in MAC-hs header to indicate logical channel of MAC-hs SDU.

· Length indicator in MAC-hs header to indicate RLC SDU segment size

· MAC-hs header includes multiple indication of logical channel ID and Length Indication, per MAC-hs SDU
· MAC-hs protocol is extended to support multiplexing from different priority queues. 
2 MAC-hs header format
2.1 High-level structure of MAC-hs PDU
The extension of the MAC-hs sub-layer to support multiple priority queues can be realized with the following high-level PDU structure:
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Figure 1. High-level structure of MAC-hs PDU supporting multiple priority queues.

The MAC-hs header is divided into sections (“Q Header” in the above Figure), each corresponding to a priority queue. The payload for each priority queue follows the header. This is analogous to the MAC-e header.

It is proposed that:

· The version flag is extended to two bits to allow future modifications

· The MAC-hs header as a whole should be octet-aligned. However, it is not required that the individual header sections be octet-aligned.
2.2 Fields present for each priority queue

Within a section of the header corresponding to a given priority queue, the following fields should be present:

· An identifier for the priority queue. It would be natural to use the same format (Queue ID) as in Release 6 with the same number of bits (3), unless the need for more priority queues is identified.
· A transmission sequence number (TSN). This field is present for each priority queue. The length of this field could be 6 bits as in Release 6.
· Field(s) indicating whether segmentation has been used or not. This is discussed in more detail in section 2.3 below.

· A group of fields indicating the length and logical channel of each SDU (similar in purpose to the “DDI” field of MAC-es PDU). This will be discussed in more detail in section 2.4 below.

· A 1-bit field (FQ) indicating whether this is the last priority queue of the PDU. Considering the limited number of priority queues that could be multiplexed, the use of this field is likely to be more efficient than utilizing a unique QID to signal the last priority queue.
2.3 Field indicating segmentation
The MAC-hs header format should indicate whether segmentation took place for SDU(s) contained in the PDU, while maintaining the capability of supporting concatenation at the MAC-hs sub-layer. The format proposed below is based on the following principles
Within the payload for a given priority queue:

· Padding is not allowed;

· A SDU segment can be concatenated with one or multiple full SDUs and one other segment;

· SDU segments are only allowed at the beginning and the end of the payload for the priority queue. We propose to not impose a restriction of allowing segments only at the beginning and end for the whole PDU, as this could result in excessive restriction of priority queue combining. 
The Figure below shows several possible scenarios of segmentation and concatenation. Assuming that the length of each SDU or SDU segment can be indicated in the header, the segmentation information can be summarized in a single  2-bits field (SI). This SI field should be present in each header section (priority queue) with the following mapping:
· 1st bit: Full/Segment Start (FSS) indicating whether the first SDU of the payload is a full SDU or a segment;

· 2nd bit: Full/Segment End (FSE) indicating whether the last SDU of the payload is a full SDU or a segment.

The use of 2 bits (FSE and FSS) instead of a single one is preferable because of the possibility that a given MAC-hs PDU is missing (when e.g. the T1 timer expires). In that situation the UE cannot rely on the information of this PDU to determine whether the first SDU of the next PDU in sequence for this priority queue is a segment or not, and therefore whether it should be discarded.
In case the payload consists of a single SDU segment, both FSS and FSE bits would be set to “segment”.
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Figure 2. Examples of possible segmentation scenarios.
2.4 Fields indicating logical channel and length

2.4.1 Logical channel indicator (LCID)

We propose to indicate the logical channel for each SDU or SDU segment, except possibly to first segment if the FSS bit of SI is set to “Segment” (as the logical channel for this SDU must already have been indicated in the PDU of previous TSN for this priority queue).

Open issue #1: Whether the logical channel indicator field should be present for the first SDU segment if FSS is set to “Segment”

The size of the LCID field corresponds to at most the maximum number of logical channels that a UE could use. To further reduce the size of this field, one should consider imposing a smaller maximum for the number of logical channels that may be multiplexed into a given priority queue.
Open issue #2: Size of LCID field
2.4.2 Length indicator (LID)
For each SDU or SDU segment, it is required to indicate the length and the logical channel to which it belongs. As noted in previous documents[3]
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[4], the introduction of flexible PDU sizes at RLC calls for a different method of indicating length in the MAC-hs header since SDUs of arbitrary sizes may now exist. Furthermore, the segmentation methodology (no padding) proposed in this document also requires the capability of indicating length with a fine granularity. Therefore, we support the use of a length indicator (LID) of at least 11 bits (if octet-alignment is imposed on SDUs) or 15 bits. For an SDU segment, the LID should indicate the length of the segment itself, not the length of the full SDU.
Open issue #3: Whether the size of the LID field should support bit-aligned or octet-aligned SDUs
2.4.3 Possible use of SID and/or N fields

Although the introduction of a long LID is clearly required, one has to consider whether some aspects of the methodology used in the Release 6 header format should be maintained, namely the existence of the “N” and “SID” fields. Keeping the possibility of utilizing these fields would potentially present some benefits for the enhanced MAC-hs:

· The SID field (with a size of 3 or 4 bits) could save significant overhead if it is mapped to several specific SDU length values that are expected to occur often (e.g. the maximum RLC PDU size, the size of a typical RLC status PDU, etc.)

· The N field could save significant overhead if a large number of SDUs are concatenated in MAC-hs due to a conservative choice of the maximum RLC PDU size. A second scenario where N would be useful occurs when a UE re-points from a Release 6 cell to a Release 7 cell. In such scenario the Release 6 RLC would likely not be reconfigured to Release 7, but it could still be advantageous to configure MAC-hs in the new cell as Release 7 to allow priority queue multiplexing. The N field may also be useful if a UE is configured with RLC instances that are not all configured with flexible RLC PDU.
Open issue #4: Whether possible use of N and/or SID (in Release 6 sense) should be supported in the header and (if yes) what are the sizes of these fields

2.4.4 Last SDU field (FS)

This 1-bit field should be present in the header for every SDU or SDU segment, after the LCID and LID field, to indicate whether this is the last SDU in this priority queue. Considering the limited amount of concatenation expected, the use of this field is likely to be more efficient than utilizing a unique LCID to signal the last SDU.
2.5 Summary
One example of possible MAC-hs header format according to the proposals of this document is illustrated below (N and SID fields are assumed to not exist):
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Where for a given priority queue:

· QID is the queue identifier

· TSN is the transmission sequence number

· FQ indicates whether this is the last priority queue of the PDU

· SI indicates whether the first (FSS) and last (FSE) SDU of the payload are segment or full SDUs

· LCIDn is the logical channel indicator for the nth SDU (or SDU segment)

· LIDn is the length indicator for the nth SDU (or SDU segment)

· FSn indicates whether the nth SDU (or SDU segment) is the last one for this priority queue

3 Open issues
Assuming that the general header structure proposed in this document is agreed, the following open issues would need to be addressed:
1. Whether the logical channel indicator field should be present for the first SDU segment if FSS is set to “Segment”
2. Size of LCID field 

3. Whether the size of the LID field should support bit-aligned or octet-aligned SDUs
4. Whether possible use of N and/or SID (in Release 6 sense) should be supported in the header and (if yes) what are the sizes of these fields
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