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1 Introduction

Until now, many decisions made on HSUPA are similar to HSDPA. But considering the different nature of HSUPA and HSDPA, the format of MAC-e PDU can be optimized. 

This paper explains the overhead existing in MAC-hs PDU, and proposes efficient MAC-e PDU format by removing such overhead.

2 Evaluation of MAC-hs PDU overhead
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[Fig.1] MAC-hs PDU format
Fig.1 shows MAC-hs PDU format currently used in HSDPA. Here, each field describes:

· VF (1bit) : Version Flag. This field provides extension capabilities of the MAC-hs PDU format.
· QID (3bit) : Queue ID. This field provides identification of the reordering queue in the receiver, in order to support independent buffer handling of data belonging to different reordering queues.

· TSN (6bit) : Transmission Sequence Number. This field provides an identifier for the transmission sequence number on the HS-DSCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers.
· SID (3bit) : Size Index. This field identifies the size of a set of consecutive MAC-d PDUs.
· N (7bit) : Number of MAC-d PDUs. This field identifies the number of consecutive MAC-d PDUs with equal size. The maximum number of MAC-d PDUs per single TTI is 70 for FDD, 45 for 1.28 Mcps TDD, and 318 for 3.84 Mcps TDD.

· F (1bit) : Flag. This field indicates if more SID fields are present in the MAC-hs header or not. 
· C/T (4bit) : Logical Channel ID. This field provides identification of the logical channel instance when multiple logical channels are carried on the same MAC-d flow (HS-DSCH).
The above fields are overhead attached in MAC layer. Among them, VF, QID, and TSN are always attached once, so they take fixed size (10bit) in a MAC-hs PDU. But the Size Information field (i.e. the combination of SID, N, F, total 11bit) and C/T field (4bit) take varying size depending on the number of logical channels and the number of MAC-d PDUs in the MAC-hs PDU.

3 MAC-e PDU overhead reduction

In the following, we discuss each field in the MAC-hs PDU header and some optimization point for MAC-e PDU.

C/T field

Actually, C/T field is needed because it identifies the logical channel to which the MAC-d PDU is related. But it does not mean that we should include C/T filed in each MAC-d PDU. From the fact that in most cases one MAC-hs PDU includes more than one MAC-d PDU from the same logical channel, if we include C/T field only once for each series of MAC-d SDUs from one logical channel, we can reduce the overhead caused by C/T.

Thus, our proposal is to reduce C/T field overhead by attaching only one Common C/T field for all the MAC-d SDUs that belong to the same logical channel. Since they have the same C/T field value, the Common C/T field does not cause ambiguity problem in the receiver side. 

And another point to note is the need of C/T field itself. We believe that because it’s uplink direction, the number of streams is very few in most cases. And the existence of dedicated physical channel will also lower the number of logical channel that will be transported over E-DCH. In this case, frequently one MAC-d flow may be set up to carry only one logical channel. 

If this is true, then another point of optimization is not to include C/T field for one MAC-d flow if the MAC-d flow is to carry only one logical channel. Of course, to do this we need an assumption that data from different MAC-d flow can be distinguishable at the receiver. The field or the mechanism for the delivery of MAC-d flow information is FFS. 

SID

In HSDPA, SID is used for the indication of MAC-d PDU size included in the MAC-hs PDU. And the MAC-d PDU comes from either RLC-AM or RLC-UM entity above MAC-d entity.

By the way, RLC-AM entity uses only one RLC PDU size. In other words, both transmitter and receiver know RLC PDU size. Thus, there is no need to signal RLC PDU size between transmitter and receiver, if the RLC PDU is transported to the RLC AM mode. 

Actually by looking into the C/T field, UE and UTRAN know whether the MAC-d PDU is for RLC AM or not. So we propose to, for the MAC-d PDU for RLC AM entity, reduce MAC-e PDU overhead by not including SID field, by inferring the PDU size from the logical channel indicated by C/T field.

Unlike HSDPA, in HSUPA the RLC entity and MAC-e entity resides in the same physical entity. Thus RLC UM entity can compose RLC PDU at the size requested by MAC entity, and this will lead to the more efficient packing of MAC-e PDU. In fact, as possible RLC UM sizes increases, the more flexibility and efficiency will be given to MAC-e.

But in current specification, all logical channels mapped to same priority queue will use same SID to MAC-d size mapping. Thus RLC UM entities mapped to same priority queue have the same option on the size of RLC UM PDU. Definitely, this is limiting the system capacity, because the optimal step sizes of RLC PDU for the application, whose average data block is 1000 bit, must be different from the optimal step sizes of RLC PDU for the application, whose average data block is 100 bit. 

Thus we propose that SID to UM RLC PDU size mapping is uniquely defined for each logical channel not for each MAC-d flow or, if any, priority queue.

And one more optimization point. Even though RLC UM entity can make RLC PDUs of different sizes from TTI to TTI, it is not allowed to make RLC PDUs of different sizes within same TTI. But to enhance the frame filling efficiency, it’s worthwhile to consider the possibility to allow more than one PDU size for one RLC entity at given TTI. 

TSN

Actually, it was decided to allow including data blocks from multiple priorities in one MAC-e PDU. So it is not anymore relevant to perform re-ordering per MAC-e PDU. If reordering is performed per MAC-e PDU, delivery of data for one priority will be delayed by the data for the other priority, reducing the benefit caused by E-DCH. So reordering per MAC-e PDU is not useful anymore.

By the way, in HSDPA, TSN is used for the reordering of MAC-hs PDUs for one priority queue. But RLC PDU mapped to MAC-d PDU included in the MAC-hs PDU also has SN field. In fact, TSN and SN of RLC PDU serve same purpose. As TSN indicates order of each MAC-hs PDU, SN of RLC PDU indicates order of each RLC PDU. Thus we can use this SN of RLC PDU for reordering purpose.

Using the fact that SN of RLC PDU is meaningful within one logical channel, and logical channel can be distinguishable by C/T field, we can do re-ordering per logical channel. 

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 in REL99, because the Control PDUs do not have any RLC SN. But we believe handling of AM PDUs is not so difficult if we can enhance the operation of RLC AM entity as we do enhancement work for RLC UM entity for MBMS. Actually, the enhancement of RLC AM entity from REL-6 will also be beneficial to HSDPA. 
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. And additionally because MAC-e TSN is no more needed in this case, we can reduce overhead in MAC-e header. And by using C/T field to identify relevant reordering queue, we can reduce the overhead in MAC-e PDU by not including Queue ID information as used in HSDPA.
Thus, we propose that Reordering is performed per logical channel. 
4 Conclusion

This paper highlights optimization point in each field that will be likely used in HSUPA. It is proposed to discuss and agree:

· To include C/T field once for the series of MAC-d PDUs for the same logical channel

· Not to include C/T field when it is obvious from mapping option.

· Not to include SID for the stream of the RLC AM entity

· To define SID to MAC-d PDU size mapping per logical channel not per MAC-d flow or priority queue

· To perform reordering per logical channel using C/T field and SN of RLC PDU
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