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Introduction
The reordering entity of the UE side has been proposed to support in-sequence delivery of data blocks [1]. It inserts the data blocks to their appropriate positions according to their TSNs, and forwards them to the higher layer when they are received sequentially. Some data blocks will not be forwarded immediately if the previous data blocks are missing. A timer-based mechanism can determine the delivery of the non-consecutive data blocks [1, 2]. There is one reordering entity for each priority class, and the reordering entity can be identified by the priority information of the data block. The priority information is very important for the scheduling function, and is carried in the CmCH-PI field of HS-DSCH FP with the associated MAC-d PDUs.
Fig.1 shows the current data block format if padding is not considered. The data block under consideration is divided into a MAC-hs header and a MAC-hs payload. The MAC-hs header consists of the “Priority Class Identifier” and the TSN. The MAC-hs payload consists of one or more MAC Data PDUs [2], where each MAC Data PDU is composed of an optional C/T field and an RLC PDU. When the data block is forwarded to the higher layer, the MAC-hs header is removed and the data block is segmented into MAC-d PDUs.
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Figure 1 Data block format

In HSDPA, the MAC-hs layer can support logical channel multiplexing; i.e. MAC Data PDUs that have the same priority level can be multiplexed together. The logical channel multiplexing does not matter in R99/R4 because the received transport blocks are delivered to the higher layer without waiting for other transport block set. However, in HSDPA, there is a reordering buffer that supports in-sequence delivery of the data block (=transport block set). Therefore, MAC Data PDUs contained in the out-of-sequence data block should wait for the missing data blocks even if they do not have to.

Fig.2 illustrates such a situation with 4 data blocks. Some data blocks consist of MAC Data PDUs of different logical channels. For example, Data Block #10 is composed of 3 MAC Data PDUs, where one of them is originated from the 1st logical channel and the others from the 2nd logical channel. In the figure, Data Block #10, #12, and #13 are successfully transmitted whereas Data Block #11 is currently missing. Since the Data Block #10 has been successfully received, the reordering entity will forward the data block to the higher layer immediately. However, because Data Block #11 is not successful, Data Block #12 and #13 should wait until Data Block #11 is received or until some stall avoidance mechanism is terminated.
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Figure 2 Problematic situation of the reordering buffer

From the logical channel point of view, we can see that MAC Data PDUs from the 2nd logical channel are received sequentially, and the missing data block (Data Block #11) is not directly related with them. There will be no problem even though the reordering entity forwards MAC Data PDUs of the 2nd logical channel to the higher layer without waiting for the Data Block #11. Thus, if the reordering entity knows the in-sequence delivery of MAC Data PDUs of a specific logical channel, it would be better to forward the PDUs to the higher layer immediately in order to reduce the queuing delay in the reordering entity.

The current reordering entity, however, cannot monitor the in-sequence delivery of MAC Data PDUs that belong to the same logical channel because of the logical channel multiplexing. Moreover, the queuing delay in the reordering entity can make the received data useless. For example, some MAC Data PDUs of a specific logical channel can be discarded in the RLC layer due to the long transmission delay, especially when the Timer_Discard for the logical channel is set to the rather small value. Therefore, it would be better to deliver the MAC Data PDU to the higher layer as quickly as possible. In this paper, we propose a solution that can solve the queuing delay problem in the reordering entity.

Proposals

In this paper, we propose one reordering entity for each logical channel in order not to cause the undesirable queuing delay in the reordering entity. In other words, there will be no logical channel multiplexing in the MAC-hs layer. Each data block is composed of MAC Data PDUs from the same logical channel.

In order to construct the data block with MAC Data PDUs of the same logical channel, the C/T field of each MAC Data PDU can be used. The TSN of the MAC-hs header will be unique to each logical channel, and will be used to guarantee the in-sequence delivery of data blocks. Since the priority information is not required any more, the data block format can be simpler than original one like Fig.3. In the figure, the “Priority Class Identifier” has been removed and all other fields remain unchanged. In the UE side, the receiver will first check the C/T field on the reception of each data block. The target reordering entity can be decided according to the C/T value, and stores the data block based on the TSN. Sequentially received data blocks will be forwarded to the higher layer in the form of MAC-d PDUs.
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Figure 3 Proposed data block format

The data block format can be made even simpler than that in Fig.3 since there is no logical channel multiplexing. The alternative data block format is shown in Fig.4. MAC-hs payload is composed of RLC PDUs only, and MAC-hs header contains the C/T field and the TSN field. One C/T field is sufficient in this format because all RLC PDUs in the data block are originated from the same logical channel. The sender of the UTRAN side will concatenate the RLC PDUs after dividing the delivered MAC Data PDU into the C/T field and the RLC PDU. In addition, the receiver of the UE side will reconstruct the original MAC-d PDU format after combining the C/T field with the received RLC PDU when each RLC PDU is delivered to the higher layer.
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Figure 4 Alternative data block format

Conclusions

In this paper, we have proposed one reordering entity for each logical channel, not for each priority class. In the current reordering entity, due to the logical channel multiplexing, some MAC Data PDUs from the same logical channel cannot be delivered to the higher layer even if they are received sequentially. With the proposed configuration, the undesirable queuing delay in the reordering entity can be reduced, and the data block format can be much simpler than the current one.
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