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1
Introduction

In last meeting, the basic ideas for L2 enhancements in HSPA evolution were discussed. The potential enhancements captured now in HSPA evolution TR25.993 are the usage of flexible RLC PDU size and introduction of MAC-hs segmentation in Node-B [1]

 REF _Ref150007219 \r \h 
[2]. In this contribution we look some further aspects of these enhancements.
2
Discussion
Enhancements to RLC
The enhancement captured in TR25.993 was to allow AMD RLC PDU size to be flexible, with maximum configured RLC PDU size. Thus the typical operation would be that when the when RLC SDU is smaller than the maximum RLC PDU, the RLC would either concatenate segments from next RLC SDU to the PDU to obtain the maximum  PDU size or use the PDU size matching the RLC SDU. In today’s RLC specification it is required that when the RLC PDU size is larger than 126 octets the 15 LI is used and that LI is same for all AMD PDUs. As the 126 octets is only 1008 bits it means that 15 LI is to be always used in practice or different LI sizes would need to be allowed depending on PDU size.
An alternative option would be to consider modifying RLC so that SDU concatenation in RLC is not applied for enhanced L2 operation. If only segmentation would be supported the RLC could be simplified so that Length Indicators would be never used and segmentation would be indicated in RLC header by redefining the meaning of HE-field. In Figure 1, two bit L-field is used to indicate the segmentation by indicating “first segment”, “middle segment(s)” and “last segment” of the SDU. Thus the AMD PDU overhead would always be two bytes.
Event thought the concatenation capability is lost, it is assumed that MAC-hs PDU can contain multiple RLC PDU from single logical channel the additional RLC header would introduce same amount of overhead than 15-bit LI. Additionally the use of piggybacked status would not be possible but as the RLC PDU size is flexible the usage of separate status PDU would have same overhead.

Thus we propose to further consider the need of concatenation function in RLC and if not seen necessary not using Length Indicators in RLC PDU. 
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Figure 1: Possible AMD header in enhanced L2 operation
C/T-field for MAC-d Multiplexing
The MAC-d multiplexing was introduced in Rel99 to allow multiplexing of multiple logical channels in one transport block. This was achieved by four bit C/T-field. In HSDPA it was kept as possibility to allow multiplexing of logical channels to the single MAC-d flow, however in TTI this option was removed even though the MAC-d flow concept was kept. It can be argued that MAC-hs multiplexing especially if multiple priorities are allowed to be transmitted in same TTI could perform same functions thus be the only multiplexing layer. Additionally, data from multiple logical channels could be multiplexed to one frame protocol connection if needed but each logical channel could have potentially separate priority queue for HSDPA transmission.

The main benefit of not having C/T-field would be for MAC-hs segmentation. When doing the MAC-hs segmentation the segmentation function would become clearly simpler if the segmentation would always work on octet aligned PDUs and we would not needed to specify how four bit C/T-field would be handled as potentially one MAC-hs PDU could contain MAC-hs SDUs segments with and without C/T-field. 
Thus we propose to further consider if C/T-field would not be supported in enhanced L2 protocol design

MAC-hs header structure

The new MAC-hs header structure would require to support following functions:

1) Reordering after HARQ retransmissions 

2) Segmentation in MAC-hs
3) Multiplexing multiple priorities flows/queues in single TTI

For reordering functionality the reordering queue and TSN field is needed. If the C/T-field multiplexing is not supported, the queue ID could be directly replaced by logical channel ID allowing the reordering to be done based on logical channel level, removing the head of the queue blocking problem. Potentially 4-5 bits could be allocated for this purpose. 
For TSN six bits was reserved in HSDPA and E-DCH, as the needed TSN size is not depending on if the reordering is done based on logical channel or based on reordering queue. Thus the TSN size requirement is not necessarily increased. Rather the TSN should be selected on expected probability of having single HARQ process requiring multiple re-transmissions and other processes consecutively succeeding the transmission and progressing the TSN value. In HSDPA and E-DCH this is 64 TTIs allowing eight transmissions (7 retransmissions) for one HARQ process when other processes are having consecutively successfully transmitting new data. This can be considered to be very extreme case, and potentially 4-5 bits would have been enough for TSN. When considering MiMo requiring separate transport blocks i.e. MAC-hs PDUs for both HARQ processes transmitting two streams the TSN space increases potentially with double speed, requiring one extra TSN bit. However, it can be argued that likelihood of having one process requiring multiple retransmissions when other processes are again successfully transmitting new data is extremely low. An additional scheme where new data is not transmitted in one HARQ process if the process transmitted parallel is requiring re-transmissions reduces required TSN size.
When the segmentation is introduced in MAC-hs together with flexible RLC PDU size the SID- and N-field from today’s MAC-hs, are not more feasible. These fields should be replaced by Length indicator, which would work byte based allowing byte accuracy in MAC-hs segmentation. If it is required that big 1500byte IP can be transmitted without RLC level segmentation 11 bits for length is needed. However, if it is assumed that maximum RLC PDU size is 1024 bytes the length indicator could be 10 bits. Additionally two bits could be used for segmentation field to indicate the “first segment”, “middle segment” and “last segment” of the MAC-hs SDU in similar manner as in RLC.
The multiplexing of multiple priority flows/queues or better logical channels can be multiplexed into MAC-hs PDU either by introducing one bit Flag to indicate that there is extra header or by repeating the header in similar manner as in E-DCH if the indicated transport block size  is not fully used by length indicators indicator in the first header. 

The concatenation of multiple MAC-hs SDUs from same logical channel to single MAC-hs PDU could be utilised by same method as when multiplexing different logical channels. 

In summary, the MAC-hs header could potentially be 3 bytes as illustrated in Figure 2 consisting following fields:

1) Version flag (VF); 1bit (need should be confirmed)

2) Logical channel Id; 5bits

3) Transmission sequence number (TSN); 5 bits    

4) Length Indicator; 11 bits
5) Segmentation Indicator (SI); 2 bits
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Figure 2: Possible MAC-hs header structure in enhanced L2 operation

Thus we propose to further consider necessary MAC-hs header fields and how possibility of multiplexing multiple logical channels in on MAC-hs PDU should be introduced. 
3
Conclusions

It is proposed to discuss issues described above and consider if it is necessary to captured some of these aspects in the TR25.993. 
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