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1 Introduction

At the last two meetings, the basic protocol architecture was agreed for HSUPA. The agreed architecture was almost same as HSDPA except that the direction was reversed. But there are still some issues remaining that could be different from HSDPA. This paper explains these remaining HSUPA protocol issues, and proposes optimized HSUPA architecture based on the discussion.

2 HSUPA protocol issues

The first issue is about whether to support multiple priorities in one MAC-e PDU. In HSDPA, both the logical channel and MAC-d flow multiplexing are allowed, but only the data blocks from logical channels having same priorities and from the same MAC-d flow can be multiplexed into a single MAC-hs PDU. But as already addressed by other companies [1], [2], if this principles is also applied to HSUPA, this restriction may cause starvation problem in UE. One could easily see this starvation problem, since the current TFC selection is only relying on the absolute logical channel priorities. Especially, considering the decision in previous ad-hoc meeting that TFC selection for E-DCH occurs after the TFC decision of DCH is done, it is reasonable assumption that the remaining power allocated for E-DCH is not much. In this case, if we disallow multiple priorities in one MAC-e PDU, the starvation problem will be severe. Therefore, we propose that different priorities are allowed in a single MAC-e PDU. 

Another issue is about where reordering is performed. We believe that Reordering per logical channel is quite beneficial in that data delivery of one logical channel is not delayed by the missing data of other logical channels. But, to do this, we have to think about on which sequence number the Reordering buffer relies. In HSDPA, the Reordering is performed based on the Transmission Sequence Number of MAC-hs. It means that the Reordering is performed per MAC-hs PDU. But if we perform the Reordering per logical channel, i.e. per RLC PDU, then the RLC Sequence Number should be used instead of MAC-e TSN. Note that in this case MAC-e TSN is no more needed, and we can reduce overhead in MAC-e header. And additionally, by using C/T field in each PDU, we can deliver each PDU to the relevant Reordering buffer. This will help reducing the overhead in MAC-e PDU by not including Queue ID information as used in HSDPA. 

Reordering per RLC PDU is already considered for UMD PDUs during MBMS work. Thus, the same or similar mechanism could be used for HSUPA, especially for UMD PDUs. For AM PDUs, however, the same mechanism could not be applied as it is, because the Control PDUs do not have any RLC SN. But we believe handling of AM PDUs is not so difficult, and leave it as a future work. 

From the overhead and performance point of view, we propose that Reordering is performed per RLC PDU, and RLC SN is used for Reordering. If this principle is agreed, then some more work would be done for handling of AM PDUs.
And if different priorities are allowed in one MAC-e PDU and Reordering is performed per logical channel, then there is no need to use priority queue at the transmit side of MAC-e. This can be deduced also from the fact that MAC-d and MAC-e always reside in same physical entity and the fact that removing priority queue in MAC-e is beneficial in terms of saving UE’s memory. And when priority queue is not used, also information like Queue ID in HSDPA is not needed in MAC-e PDU, resulting in overhead reduction. By the way, if receiving side needs some priority information, this information can be inferred from the C/T field of each MAC-d PDU.
3 Proposed HSUPA protocol architecture

From the above discussion, we propose the MAC architecture as follows.
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[Fig 1] UE side MAC-d architecture

The UE side MAC-d architecture is similar to MAC-d of UTRAN side in HSDPA
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[Fig 2] UE side MAC-e architecture

UE side MAC-e architecture is different from UTRAN side MAC-hs, in that there is no priority distribution and no priority queue in the MAC-e.
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[Fig 3] UTRAN side MAC-e architecture

UTRAN side MAC-e architecture is different from UE side MAC-hs, in that there is no reordering queue distribution and no reordering buffer in MAC-e.
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[Fig 4] UTRAN side MAC-d architecture

UTRAN side MAC-d architecture is same as R99 MAC-d, except that there are Reordering buffers in MAC-d. But the Reordering operation could be performed in RLC layer or between MAC-d and RLC layer, and in this case no changes are needed for UTRAN side MAC-d.

4 Conclusions

This paper discusses some remaining issues in HSUPA protocol. Since these issues affect the overall HSUPA architecture, we ask RAN2 people to think about these issues. The identified issues and LG preferences are shown below.

· Multiplexing of logical channels with different priorities

· We prefer priority multiplexing is allowed in a MAC-e PDU.

· Reordering per logical channel

· We prefer Reordering is performed per logical channel.
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