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Discussion and Decision
1. Introduction
RAN2 has agreed to support semi-persistent scheduling and asynchronous HARQ in downlink. In asynchronous HARQ, explicit HARQ process ID in DL assignment signaling is needed to identify different HARQ processes for the same UE.
For dynamic scheduling, HARQ process ID is allocated in initial transmission scheduling with DL assignment signaling and retransmissions of the same data packet will be scheduled with the same HARQ process ID. So eNB and UE can synchronize the HARQ processes in both sides. For semi-persistent scheduling, some data packets transmitted in predefined resources without DL assignment signaling (we call it as persistent transmission). A set of rules to keep HARQ process IDs synchronous for DL semi-persistent scheduling between eNB and UE must be established in order to avoid process ID ambiguity.
This contribution will discuss this question and propose a feasible solution.
2. Discussion
As shown in Fig 1, eNB schedules the persistent transmission without DL assignment signaling at TTI1. UE decodes the DL persistent transmission and sends a NACK feedback to eNB at TTI2. When eNB sends the DL assignment signaling and data for the first retransmission with a new HARQ process ID at TTI3, UE can’t determine whether the persistent transmission in TTI1 and the retransmission in TTI3 are for same HARQ process because there is no HARQ process ID associated with the persistent transmission from UE perspective.
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Fig 1 HARQ process ID ambiguity

In RAN2#60, some companies had noticed this question and proposed to reserve a set of HARQ Process IDs for DL persistent scheduling [1]. This idea can resolve the process ID ambiguity well, but introduces another question. RTT in FDD has been agreed as 8 ms to realize consecutive transmission. If more than one process IDs were reserved for persistent scheduling, the total number of HARQ process IDs will be larger than 8. Consequently, the “Hybrid ARQ process number” field in the downlink assignment will be lager than 3bits which is the work assumption currently. Furthermore more HARQ process will increase the complexity. 
We propose a solution which doesn’t increase the total number of HARQ process IDs.

Proposal 1: After NACK for persistent transmission, the eNB always schedules the first retransmission for persistent transmission at first.
Proposal 2: If there are several first retransmissions for persistent transmissions, eNB schedules them according to the order of persistent transmissions.
The DL assignment signalling of the first retransmission of persistent transmission will identify UE the HARQ process ID used for persistent transmission. 
· After receiving the persistent transmission, UE will store the received data in any unused memory not associated with any HARQ process. If decoding the data correctly, UE will send an ACK and deliver the data to high layer, there is no necessary to need a HARQ process ID in this procedure, shown as Fig 2.
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Fig 2 UE ACKs persistent scheduling

· If UE sent a NACK for persistent transmission, eNB will identify the HARQ process ID used actually in eNB for persistent transmission in the DL assignment signalling. UE will associate the persistent transmission and retransmission to this HARQ process ID. With proposal 1, UE always think the first retransmission after the occasion of feedback for persistent transmission as for the persistent transmission. The procedure is shown in Fig 3.
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Fig 3 UE NACKs persistent scheduling

With proposal 2, UE can differentiate the retransmissions for different persistent transmission, like Fig 4.
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Fig 4 The retransmissions for several persistent transmissions
Proposal 3: UE decodes the retransmissions with new HARQ process ID as new data after sending ACK for persistent transmission and RLC will perform duplicate detection.
Without proposal 3, UE may regard the retransmissions with new HARQ process ID as retransmission of persistent transmission because of ACK->NACK error and discard them, though the retransmission may belong to another HARQ process whose PDCCH for initial transmission has been lost. The duplicate detection is needed in RLC. This case is presented in Fig 5.
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Fig 5 The processing for retransmission with new HARQ process ID after UE ACKs persistent scheduling

3. Conclusion

With above proposals, we can solve the HARQ process ID ambiguity due to semi-persistent scheduling and don’t increase any overhead for scheduling signalling. We wish RAN2 discuss and adopt the solution in this paper.
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