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1 Introduction 

In [1], the use of Acknowledge Sequence Number (ASN) was proposed to improve the stall performance due to data blocks that have been aborted, either through exceeding total number of retransmissions and/or pre-emption by higher priority data block, or a NACK to ACK error in the feedback.

In this contribution, an alternative and efficient stall improvement mechanism that is both load and resource sensitive is proposed using a zero payload MAC-hs PDU, with the existing TSN replaced by the ASN in the header. The zero payload PDU is sent to the UE to inform the UE of the data blocks that have been aborted by the NodeB due to the reasons mentioned above. This proposal would bring the following improvements and advantages:

1. Stall Improvement: Aborts by the NodeB can be communicated to the UE so that a re-ordering timer T1 does not have to run it’s full duration, before delivery of subsequent successive received data blocks can be delivered to the higher layer, and the anticipated reception of ‘missing’ data block can be aborted. Instead, the aborted “data block” can be now treated as having been received and the other received data blocks can be forwarded to the upper layer as soon as possible avoiding stalling the receive buffer.

2. Efficient use of resources: the zero payload MAC-hs PDU is only needed to be sent when the NodeB encounters such aborts, otherwise this zero payload PDU is not sent. i.e. not requiring the ASN indication in every data transmission to a UE, hence reducing the impact on existing data messages.

3. Load Sensitive: NodeB only sends this zero payload PDU when there is no downlink transmissions scheduled for other users and the user which data block is stalled. This coincides with low load scenario where incoming data blocks are not available to help flush the stalled data blocks in the UE buffer, which is also the scenario when stall improvement is needed most 

4. No Overhead: No additional field is required in the existing MAC-hs header since the TSN field is used to send the ASN for the zero payload PDU

5. Quick and Robust: Possesses all the benefits of the usual transmission of the existing TSN such as robustness due to in-band signalling and quick identification of the aborted data blocks without the need to monitor all HARQ processes. Stall improvement for different priority class is possible without having to wait for available data for transmission of the same priority.

2 Zero Payload PDU

Setting the Number of MAC-d PDUs (N) to zero signals the zero payload MAC-hs PDU. Currently, 7 bits are allocated to N to signal the consecutive MAC-d PDUs with equal size that is sent in the payload. When the UE receives this PDU with N = 0, it would then disregard the payload and read the TSN field as the ASN. The TSN field is proposed to be replaced by the ASN in this zero payload PDU. This zero payload PDU can also be interpreted as a control MAC-hs  PDU [2].
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Fig 1. Proposed MAC-hs zero payload PDU header

3 ASN and QID Signaling using HS-SCCH

Alternatively, the ASN and QID can be carried over a special HS-SCCH message by reusing the redundant area of the channelisation code-set mapping (CCS) [3].  Currently the redundant area is unused and we propose that we could use part of the unused combinations as a special HS-SCCH message without the need for any accompanying transmission on HS-DSCH. A total of eight new signalling messages can be accommodated (bit sequence xccs = 1110xxx, where x={0,1}). We use one of the bit sequence “1110001” as the special HS-SCCH message indicator. Some of the remaining bits in HS-SCCH can then be used to carry ASN and QID as shown in Fig. 2. Note that the total number of bits in the special HS-SCCH message is the same as in the normal HS-SCCH. Therefore, no changes in the physical layer coding etc. will be needed to accommodate this approach.
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Fig 2. ASN and Queue ID carried over special HS-SCCH message

4 Recommendations

Previous contributions [4] & [5] have shown benefits of protocol enhancement in delivery of data from the UE receiver buffer. This includes improving service throughput, and speeding up the ability of higher layers to recover from lost data packets from the HSDPA service. 

In an alternative from previous proposals this paper presents a minimum implementation of inband signalling to support the explicit discard of PDUs which the NodeB has terminated, for many possible reasons such as the maximum number of retransmissions is reached, the time permitted for successful transmission of the packet is exceeded or by the pre-emption of a higher priority data stream for the same UE. Rather than support continuous signalling of NodeB status to UEs as done in contributions (R2-012597.) this proposal is intended to reduce the impact of this signalling scheme by using zero pay load PDUs. In addition, this proposal is able to target the situations when stall improvement is needed most, gaps towards the end of call or in low load situations. Under these scenarios, lack of additional data to help flush the buffer contributes towards stalling in the UE.

A third alternative is listed in Section 3 where the HS-SCCH is used to signal both the ASN and the Queue ID. In this alternative, there is no accompanying transmission on the HS-DSCH. While the zero payload approach is considered as inband signalling, using the HS-SCCH is an out-of-band solution.

 It is recommended that in order to enable the protocol to work efficiently,  explicit control of data delivery within the UE to its higher layers should be adopted. In doing so either a more complete signalling system informing the UE of the NodeB status regarding acknowledged PDUs should be adopted as illustrated in [1]. Alternatively if it is still felt that this offers too much impact by adding a few bits to the existing header of the MAC-hs protocol, then a zero payload PDU or the HS-SCCH could be used as described in this paper, as an alternative.
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