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1 Introduction

This paper proposes number of enhancements to RLC and MAC for HSPA evolution.
2 Enhancements to RLC
Framing

To support high bit rate, RLC PDU size is agreed to be flexible. Then the question is how to decide the size of the RLC PDU. The most efficient way is to reflect the current radio condition, which is also the basic assumption in LTE. It is however not always working because of the UTRAN architecture where RLC and MAC locate in the different nodes. 
We believe that still considerable efficiency can be achieved with the semi-static RLC PDU sizes [1] which can be updated in the long-term basis as shown in the figure 1. 

[image: image1.emf]UE/MAC Node B/MAC RNC/RLC UE/RLC

Max RLC PDU size

RLC PDU

Max RLC PDU size

RLC PDU

Downlink

Uplink


Fig. 1 Flexible RLC PDU sizes updated by MAC
RLC frames RLC PDUs based on the maximum RLC PDU size signaled from the MAC as shown in the figure 2. RLC concatenates or segments RLC SDUs until a RLC PDU is completely filled up. As a consequence the RLC PDU sizes would be the maximum RLC PDU size during RLC SDU burst. In the end of the burst, RLC PDU size will be depending on the size of the remaining part of the last RLC SDU, which will probably be different from the Maximum RLC PDU size. 
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Fig.2 Framing RLC PDUs from RLC SDUs 
In downlink direction, the maximum RLC PDU size would not reflect the current radio condition because of the scheduling delay in the Node B and the signaling delay between the Node B and the RNC, therefore a RLC PDU needs to be segmented in the MAC layer to compensate the different scheduling decision or worse radio condition than expected. 

In uplink direction, the maximum RLC PDU size can be updated TTI by TTI based on the allowed grant, which truly reflects the current scheduling decision and the radio condition, but the MAC level segmentation will still be needed because of the channel condition/scheduling decision change at RLC retransmissions. 
Proposals
· RLC frames RLC PDUs based on the maximum RLC PDU size informed from the MAC.

· The maximum RLC PDU size can be updated in long-term basis in downlink and TTI by TTI in uplink

· MAC handles the discrepancy between the RLC PDU size and what can be transmitted in the L1 

ARQ operation
One easy way to enhance the ARQ performance is to trigger ARQ retransmission when MAC informs a RLC PDU transmission failure. So called local NACK type 1[2] comes almost free in uplink direction, but a new Iub signaling is required in the downlink direction. Therefore it is proposed to include this feature in the uplink for the Release 7 and in the downlink for the next release. 
Proposals

· UE RLC retransmits RLC PDUs which is reported as failed by the MAC.
RLC PDU sequencing

12 bit RLC PDU SN is used in the R6 RLC AM, which enforces the header size to be 2 byte. Considering that MAC delivers RLC PDUs in-sequence, 12 bit RLC SN is clearly overkill especially for the first transmitted RLC PDUs. Assuming n bit RLC SN and in-sequence reception from the lower layer, the sequence number ambiguity for the first transmissions arises only when 2n-1 consecutive RLC PDUs are lost. On the other hand, we still need longer sequence number for the retransmissions, because we need to point out which PDU having been transmitted before is being retransmitted. 
To make 1 byte RLC header in case of the first transmission, it is proposed to include only part of RLC SN, which is long enough to detect the possible worst packet loss, in the RLC PDUs being transmitted for the first time. This short SN should be reconstructed to the full SN in the receiver. 
Of course we still need 2 byte RLC header for the retransmissions, where full SN should be included.

Proposals

· Part of RLC SN is signaled in the first transmissions and full RLC SN is signaled in the retransmissions. 

RLC PDU format
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Fig. 3 Possible RLC PDU format for HSPA evolution
Figure 3 shows the proposed RLC header format. 
F/R is the 1 bit flag to indicate whether the PDU is the first transmitted one or retransmitted one, and consequently whether only 6 LSBs of RLC SN is signaled or full14 bit RLC SN is signaled. E is the same Extension bit as that of R6 RLC. 
To simplify the header format, two fields are proposed to be removed. Firstly explicit D/C field seems too costly to be included in every PDU, so it is proposed to reserve one RLC SN and use it to indicate the RLC CONTROL PDU. Secondly there is no strong reason to have P bit in every PDU, and this can be handled as a normal SUFI like any other RLC CONTROL information. 
Proposals

· CONTROL PDU is indicated by the reserved RLC SN instead of explicit flag.
· Polling is indicated by SUFI.
3 Enhancements to MAC

Multiplexing

In Release 6, multiplexing has been done two times in MAC-d and in lower MAC (e.g. MAC-hs, MAC-e/es), which seems redundant. Probably MAC-d multiplexing is an obsolete function especially when HSDPA/EDCH is configured, so we propose to remove it from the processing chain. More specifically, Transmitter does not attach C/T field to the RLC PDU but include multiplexing information in the lower MAC header, and receiver routes the RLC PDU based on the lower MAC header field. 

Proposals

· Lower MAC header field (e.g. DDI or Priority Queue ID) is used to multiplex/demultiplex MAC-d SDUs.
MAC header format
Since we have a flexible sized RLC PDU and MAC level segmentation function, just one RLC PDU from a logical channel will be included in a MAC PDU in most cases, and the length of the RLC PDU should be indicated in the MAC header. 

It is clear that the RLC PDU length field should replace the N field and the SID field, and that the MAC header instances should be included per RLC PDU. 
[3] proposes to have 3 byte MAC header instance, which seems reasonable. One thing to be pointed out is that 3 byte header could be too heavy for the small sized stand-alone packets, which have turned out to be the significant portion of internet traffic. In HSDPA and EDCH, transport block size is indicated in the separate control channel, and this information in many cases could be used to deduce the RLC PDU size.
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Fig. 4 The case where a MAC PDU contains only one RLC PDU
For example as shown in the figure, if a MAC PDU contains only one RLC PDU and if there is no MAC-level padding, the size of the RLC PDU in the MAC PDU could calculated by subtracting the MAC header size from the signaled transport block size. So the proposal is to have one bit indicator to indicate whether explicit length field exist or not, which is depending on the multiplexing status of the concerned MAC PDU. 

We assume that there is no strong motivation to have different formats for the uplink and for the downlink so having single format for the both direction is also proposed. 

Figure 5 shows the proposed  MAC PDU format, which is largely same as what is proposed in [1].
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Fig. 5 Possible MAC-hs, MAC-e/es header format
Proposed fields are as below.
· Logical channel ID, 5 bit: this is used by the MAC layer to route MAC SDU to the appropriate logical channel. 

· TSN, 5 bit: this is used by the reordering entity to reorder the MAC SDU.

· SI, 2 bit: this indicates whether concerned MAC SDU is the first segment, the intermediate segment, the last segment or not segmented one.

· F, 1 bit: this indicates whether explicit length field is present

· Length, 11 bit: this indicates the length of the concerned MAC SDU

One open issue is the necessity of the TSN field. If we agree to have the logical channel ID in the MAC-hs/e/es header, then the reordering will be done in the RLC, hence RLC SN could be used for the reordering. However there would be some concerns for using RLC SN for reordering, for example RLC CONTROL PDU will not be reordered, and it is not clear how out-of-sequence reception will affect the RLC control procedures. 
Proposals

· To have the same MAC format for the uplink and the downlink

· To have the logical channel ID in the MAC-hs/e/es header instead of in the MAC-d header

· To have 1 bit indicator for existence of the length field

· To discuss whether TSN field is needed.
4 Conclusion

Basic header format and some enhancements are presented in this contribution. It is suggested to discuss the proposals, and capture the agreeable points in the TS.
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