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1 Introduction

HSDPA feature was introduced in Rel-5 and it further improves downlink performance compared to DCH channels. In HSDPA, multiple stop-and-wait HARQ processes are normally used, that means when one HARQ process is waiting for an acknowledgement, another process can use the channel to send some more data.
Currently in the MAC specification, the UE may or may not discard a MAC-hs PDU if the PDU is received within 5 sub-frames from the reception of the previous MAC-hs PDU intended for this HARQ process.
For this transmission scenario, we think it may be beneficial for the UE to handle this type of MAC-hs PDU in order for better downlink coverage. This paper is to discuss this enhancement.
2 Discussion

2.1 Fast HARQ retransmission

As shown in the following figure, for downlink data transmission for HSDPA, the network selects an HARQ process to transmit a MAC-hs PDU, and then the UE responds with a ACK or NACK (NACK in the figure) after a certain time. The network will transmit a new MAC-hs PDU or perform retransmission depends on the feedback information from the UE.

The network can configure multiple HARQ processes in order for continuous transmission, and this is called multiple stop-and-wait HARQ processes.
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Figure 1: multiple HARQ processes
As shown in the figure below, the network schedule a MAC-hs PDU on process #1, and then it schedules a MAC-hs PDU also on process #1 in the consequent sub-frame. In this case, the UE may discard the second PDU, or the UE will handle the second PDU as a normal PDU and later it generates a feedback to the network. This rule is already captured in 11.6.2.2 HARQ process in the TS 25.321 ([1]).
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Figure 2: a MAC PDU may be discarded in a certain situation
The above UE behaviours are implementation related, however, if the UE could decode MAC-hs PDUs within multiple consequent sub-frames, low latency and high reliability could be achieved, and it is also good for downlink coverage. Especially for SRB over HSPA, the transmission of signalling can be further improved. Here we call this enhancement as "fast HARQ retransmission". In addition, in LTE system, fast HARQ retransmission is already available.
For example, a MAC-hs PDU is transmitted for three times (two retransmissions), so the total transmission time is 18 TTIs.
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Figure 3: a MAC PDU with three transmissions
If fast HARQ retransmission is applied, the network will schedule a MAC-hs PDU in consequent sub-frames (e.g. three transmissions in three sub-frames). At the UE side, it decodes each MAC-hs PDU as a normal data and generates feedbacks for them. If the network receives one ACK from the UE, the network will consider the MAC-hs PDU to be a successful transmission.
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Figure 4: fast HARQ retransmission
Here is preliminary simulation result (lab test). There are 2 cells and 15 UEs with the fast HARQ retransmission capable. SRB over HSPA is configured for all UEs. In this scenario, all UEs are kept moving so that serving cell changes occur frequently. When a serving cell change signalling fails in the downlink, i.e. all HARQ transmissions fails, a call drop is recorded.
	
	simulation period
	call drop number

	Legacy HARQ retransmission
	1 hour
	107

	Fast HARQ retransmission
	1 hour
	15


From the result, it can be seen that the call drop number is significantly reduced, because there are more HARQ retransmission opportunities and the latency is reduced for the fast HARQ retransmission. In general, the new mechanism can improve the signalling transmission performance. So it is proposed:
Proposal 1: It is proposed to introduce the fast HARQ retransmission mechanism from Rel-12.
2.2 RAN impacts

Here we list the potential RAN impacts due to the fast HARQ retransmission mechanism.

	TS 25.321
	The UE behaviour on HARQ processes needs to be modified, e.g. the UE shall decode a MAC-hs PDU if the PDU is received within 5 sub-frames from the reception of the previous MAC-hs PDU intended for this HARQ process

	TS 25.306
	A new UE capability bit is introduced for the fast HARQ retransmission

	TS 25.331
	(1) RRC signalling needs to be updated in order to support the UE capability bit of the fast HARQ retransmission

(2) RRC signalling needs to be updated for necessary configuration signalling

	TS 25.433 & 25.423
	the RNC could tell the Node B to initiate the fast HARQ retransmission


In general, there are limited RAN impacts due to the fast HARQ retransmission.
3 Conclusion

In this paper, we discuss the motivation of the fast HARQ retransmission and the RAN impacts. It is proposed:
Proposal 1: It is proposed to introduce the fast HARQ retransmission mechanism from Rel-12.
4 Reference
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