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1 Introduction

There were good progresses in MAC improvements for the support of High Data Rates at RAN2#56bis meeting. Agreements and open issues are summarized in [2], in which the MAC-hs header format is one of the open issues. In this contribution, the solution proposed in [1] is supported basically. Some additional considerations are further discussed based on contributions for MAC-hs header so far.
Discussion
1.1 Issues to be addressed for MAC-hs header format
The following issues need to be considered for the definition of MAC-hs header:

· What fields are needed?
· Size of each field?

· Placement of each field?

1.2 Corresponding solution
Considerations on necessary elements in MAC-hs header are described in this section.
1) Version Flag (VF): 1 bit
Do we need an extra VF field? An extended VF bit is proposed in [4] and [5] for future use. It was agreed that MAC-hs should allow for future extensibility of the standards. Whether this is achieved with the version flag or not is FFS. It is left open for discussion at this meeting. It is assumed no additional VF field in this paper.
2) Queue Identifier (Queue ID): 3 bit
Do we need Queue Id? It was agreed that MAC-hs should support multiplexing from different priority queues and mapping of multiple logical channels to single priority queue. It is clear that Queue ID and Logical channel ID should be needed for the support of such agreements. In [1], a solution is illustrated which could exemplify the agreed multiplexing structure. The size of Queue ID can remain identical as Rel-5 MAC-hs header.
3) TSN: 5 bit
How to set TSN? To set it per logical channel or per priority class which is multiplexed of several logical channels? In [1], it is proposed that re-ordering is based on a TSN per priority queue, which can well comply with current agreements. It is analyzed in [6] that a TSN size of 5 bits would be enough, which is adopted in this contribution. 
4) Logical Channel Identifier (LCID): 5 bit
It is current agreement that Logical channel ID in MAC-hs header to indicate logical channel of MAC-hs SDU. The definition of 5 bits sized LCID in [6] is cited here. 
5) Segmentation Indicator (SI): 1 bit

It was agreed that MAC-hs header indicates if MAC segmentation has been performed. How to use the SI is open. 
Solution 1: A strait solution is to set a SI per logical channel, and an extra SI for the last logical channel. In each multiplexed logical channel, there may be segmented MAC-hs SDU from previous TTIs due to scheduling decisions. The segmented MAC-hs SDU can be put at the header of that logical channel. For the last logical channel, segmentation may still occur to the last MAC-hs SDU. So SI is needed for each logical channel, and an additional SI for the last logical channel. This solution is flexible without considering scheduling mechanism.
It can be argued that segmented MAC-hs SDU from previous TTIs can also be put at the end of the logical channel, so that only one SI is needed for the last logical channel because resegmentation can be done to the already segmented MAC-hs SDU. But it is not always the case. Assuming there is a segmented MAC-hs SDU in the last logical channel and it would be positioned at the end. When the TB size is smaller than the total size if this last MAC-hs SDU is multiplexed, this MAC-hs SDU can be re-segmented, so only one SI is needed. However, when the TB size is greater than the total size if this so-called last MAC-hs SDU is multiplexed, other MAC-hs SDUs have to be added at the end, so it can not be called the last MAC-hs SDU. Otherwise if other MAC-hs SDUs are multiplexed before this MAC-hs SDU, segmentation may happen to other MAC-hs SDUs and this MAC-hs SDU may not have the chance to be scheduled. So it is not an optimization way. It seems that two SIs for the last logical channel can not be omitted for the above described solution 1. But it is clear that if only one MAC-hs SDU presents in a MAC-hs PDU, only one SI is needed.
Solution 1 is depicted in Figure 1. In TTI1, MAC-hs SDU in Logical channel A was segmented. The left segment was scheduled and placed at the first MAC-hs SDU In TTI2. MAC-hs SDU in Logical channel B was segmented in TTI2 and MAC-hs SDU in Logical channel C was segmented in TTIm, their left segment were both scheduled in TTIn. And in this very TTIn the last MAC-hs SDU in Logical channel D was still segmented.
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Figure 1: SI may present for each Logical channel
Solution 2: Another solution is to set one SI for the first logical channel and one SI for the last logical channel. The presumption is that the logical channel contained segmented MAC-hs SDU from previous TTIs should be put at the header of MAC-hs PDU, and the segmented MAC-hs SDU should be scheduled in the next scheduling occasion and be the first MAC-hs SDU of the MAC-hs PDU. Segmentation may still happen for the last MAC-hs SDU in the last logical channel.
Solution 2 is depicted in Figure 2. MAC-hs SDU in Logical channel A was segmented. The left segment was scheduled and placed at the first MAC-hs SDU in TTI2. And in this TTI2, MAC-hs SDU from Logical channel B was segmented.
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Figure 2: SI presents at the first and last Logical channel
Solution 3: Yet another solution is to set two SIs for the last logical channel, one SI for the first MAC-hs SDU and the other for the last MAC-hs SDU, no SI for non-last logical channels. The presumption is that segmentation will be performed only for the last MAC-hs SDU. A segmented MAC-hs SDU should be scheduled in the next scheduling occasion and it will be positioned at the header of its logical channel. Furthermore, the logical channel it belongs to should be placed at the end of MAC-hs PDU payload. 
Solution 3 is depicted in Figure 3. MAC-hs SDU in Logical channel A was segmented. The left segment was scheduled and placed as the first MAC-hs SDU of its logical channel in TTI2. Furthermore, Logical channel A it belongs to was placed as the last Logical channel of the MAC-hs PDU. And in this TTI2, the last MAC-hs SDU in Logical channel A was also segmented.

[image: image3.emf]MAC-hs header MAC-hs SDU MAC-hs SDU

TTI

1

MAC-hs SDU in Logical channel A was segmented

MAC-hs header MAC-hs SDU

TTI

2 MAC-hs SDU MAC-hs SDU

Last MAC-hs SDU in Logical channel A was segmented


Figure 3: SI presents twice at the last Logical channel
Solution 2 and solution 3 add some restrictions to the scheduling mechanism which are less flexible, but MAC-hs overhead can be reduced.

For the size of SI, One bit is needed to indicate “non-last segment” or “last segment” of a MAC-hs SDU. The “last segment” can also indicate a MAC-hs SDU which has not been segmented. Maybe two bits are also applicable for future extensions. In this paper, 1 bit is preferred.
6) Length Indicator (LI): 11 bit; and Length Flag (LF): 1 bit; LI can be omitted;
Agreement is that Length indicator in MAC-hs header to indicate RLC SDU segment size. Three questions are left to answer.

Do we need one bit flag LF (Length Flag) to replace LI? It would be an optimization if the answer is yes. LF can be used for each multiplexed MAC-hs SDU. In [4], [7] and [8], scenarios of this optimization are mentioned when a MAC-hs SDU is of configured maximum size and when a MAC-hs PDU is composed of a complete or segment of a MAC-hs SDU. It should be noted that the LF is logical channel specific. When LF indicates that no LI is followed, the length it represents is the maximum size configured for the corresponding logical channel or the length will be calculated from the TB size. It should also be noted when the MAC-hs SDU is concatenated of several RLC SDUs up to the maximum configured size, LF can also be utilized to indicate the total size. For each MAC-hs SDU in MAC-hs PDU, LF is always present while LI isn’t the case. Whether LI exists depends on the indication of LF field.
Do we need several bits flag LF as LI index? Since the maximum RLC PDU size can be reconfigured, it may need to be able to indicate several lengths with LF. But it can be argued that when the maximum size has been reconfigured, the 1-bit LF will be used to indicate the new size. So the need of several bits LF is questionable. It is not preferred in this contribution.
Do we need dynamic LI length? It is FFS to this question. An optimization for alternative use of smaller field LI is proposed in [5]. The point is to have a configurable LI size, which can be configured and reconfigured by higher layer according to the maximum RLC PDU size. It will have some benefits to reduce overhead, but with increased complexity.
It is assumed only the first optimization is applied, configurable LI size is open for discussion. And the definition of 11-bit LI to support 1500 byte IP packet in [6] is cited here.

7) FF (Field Flag): 2 bit
This field is placed for each MAC-hs SDU to indicate what the following field is. It can be another MAC-hs SDU from the same logical channel, or another LCID, or another Queue ID, or the end of MAC-hs header and the start of payload. So 2 bits are needed for this field.
8) Identical MAC-hs header for CELL_FACH and CELL_DCH
It is consensus there will be same layer 2 for both the CELL_DCH State (enhanced L2 WI) and the enhanced CELL_FACH State. Solution 2 proposed in [3] is supported in this paper, except for slight modifications of the common MAC-hs header with the addition of Queue ID and some other fields as mentioned above. Identified with the presence of U-RNTI, two MAC-hs header formats are available as shown in figure 3 in [3]. One format is used for SRB#0 carrying CCCH messages with common H-RNTI and for SRB#2-4 and RBs DCCH/DTCH messages with UE dedicated H-RNTI in CELL_FACH or CELL_DCH state, the other format is used for SRB#1 with common H-RNTI.
9) Octet aligned MAC-hs header

How to achieve octet aligned MAC-hs header? There are two alternative ways to this question. One solution is to implement integral bytes for several header fields and then repeat them in similar manner if needed. The other is to implement integral bytes for the whole header without considering certain header field, only to add padding bits at the end if needed. The first is difficult to achieve and may sacrifice some bits for the alignment because some dynamic fields such as LI may present. The second is relatively simple which is suggested in this contribution.
Based on the above discussions, possible MAC-hs PDU format is depicted in figure 4.
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Figure 4: possible MAC-hs PDU format
Dashed rectangle in the figure indicates that this field may not present. The SI set for the last MAC-hs SDU in the last logical channel is placed behind the last FF for the convenience of decoding by the receiver side. The padding bits at the end are used for octet alignment purpose if needed.
2 Conclusion
In this contribution, elements to be considered for MAC-hs header are discussed. MAC-hs PDU may multiplex multiple priority queues, each priority queue may multiplex multiple logical channels, and each logical channel may multiplex multiple MAC-hs SDUs. TSN is per Queue basis. Identical MAC-hs header is utilized for CELL_DCH and CELL_FACH state.
It is proposed that the following fields are needed: VF (1 bit), Queue ID (3 bit), TSN (5 bit), LCID (5 bit), SI (1 bit), LF (1 bit), LI (11 bit), FF (2 bit). LI field can be omitted by the indication of LF field. Octet alignment is achieved by adding padding bits in the end of the header if needed. Issues open for discussion are the need of an additional VF bit, the set of SI field and whether the length of LI field is configurable. Possible MAC-hs PDU structure is illustrated in figure 4.
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