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1 Introduction

It is expected that MAC PDU format of HSUPA is close to that of HSDPA. 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.

These varying fields generate quite large overhead in a realistic scenario. For example, if two logical channels are multiplexed, and if there are total 40 PDUs, then the total bits wasted by these varying fields are 11 x 2 + 4 x 40 = 22 + 160 = 182 bits. Moreover, in worst case, there could be 15 logical channels and total 70 MAC-d PDUs. Then, the overhead comes to 15 x 11 + 4 x 70 = 165 + 280 = 445 bits.

3 MAC-e PDU overhead reduction
From the above observation, we can see that the overhead comes from Size Information field and C/T field is quite high. Between two fields, the overhead from Size Information is deemed not critical, because in typical case no more than 3 logical channels would be multiplexed in a single MAC-hs PDU. But the overhead from C/T field seems critical. The overhead size depends on the number of MAC-d PDUs in a MAC-hs PDU, and the number typically ranges 20~40.

In HSDPA, theoretically, the maximum number of MAC-d PDUs in a single MAC-e PDU could be up to 5 x 70 = 350 PDUs, which means that 4 x 350 = 1,400 bits are wasted by C/T field. We think this overhead from C/T field is very high, and C/T field overhead reduction should be considered in designing MAC-e PDU format.

Our proposal is reducing C/T field overhead in HSUPA 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. 

The proposed MAC-e PDU formats are shown in Fig.2. Here, the Common C/T field is attached only once for the group of MAC-d SDUs belong to the same logical channel. Note that the formats in Fig.2 are just examples, meaning that the actual position of Common C/T field could be changed depending on the MAC architecture.
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(a) First format – Common C/T field in MAC-e payload
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(b) Second format – Common C/T field in MAC-e header

[Fig.2] Proposed MAC-e PDU format

The defect of the proposed format is that the Size Information field (SID, N, F) should be attached for each logical channel. In other words, even though the MAC-d SDU sizes are same for different logical channels, the Size Information field should be attached for each logical channel. But since in the proposed format the C/T field is removed from each MAC-d PDU, the proposed format is still efficient if the number of PDUs belonging to a logical channel is larger than 3.

4 Conclusion

This paper highlights that among the overhead generated in MAC layer the overhead comes from the logical channel identification (C/T field) is the most significant. Therefore, in designing MAC-e PDU format, we propose to use Common C/T field to reduce the C/T field overhead.
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