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1. Introduction

In RAN#87, following agreements was approved for processing time reduction for 1ms TTI [1]. 
	Agreement:
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.

· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared

· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI

· FFS: UE behaviour in case of n+3 and n+4 collision

· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing


In this contribution, we discuss some details on PUSCH HARQ processes for a UE configured with shortened processing time in 1ms TTI.
2. UL HARQ for legacy processing time
It was agreed that for a UE configured with shortened processing time, PHICH-less asynchronous UL HARQ is used for 1ms TTI with n+3. On the other hand, for such UE, there was no agreement whether asynchronous or synchronous UL HARQ is supported for n+4. If asynchronous UL HARQ is to be supported for n+4 legacy processing time, the payload size of UL grant DCI for n+4 operation needs to be increased with additional HARQ process ID field. For a UE configured with shortened processing time in 1ms TTI, if a UL grant DCI is detected upon USS, a UE would assume n+3 processing time, otherwise, the UE would assume n+4 processing time, which is a sort of fallback operation and may not happen very often. Considering the specification impact and purpose of fallback operation, it seems more desirable not to change the current operation on common search space. In this sense, synchronous UL HARQ is preferred for n+4 legacy processing time in 1ms TTI. 

Proposal 1: For a UE configured with shortened processing time in 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4). 
3. UL HARQ process sharing
If different operation is supported for different processing time (e.g., n+4 legacy processing time and n+3 shortened processing time), how to handle two cases of processing time switching should be addressed as follows:
· Retransmission with n+4 processing time of a pending initial transmission with n+3 processing time for a HARQ process
· Retransmission with n+3 processing time of a pending initial transmission with n+4 processing time for a HARQ process

For the first case, it seems inefficient since the latency would be shorter if processing time is maintained. Moreover, additional specification work on determination of RV, PHICH resources for PUSCH transmission with n+3 processing time seems necessary. Given unclear motivation with possible specification impact, it is not preferred to support switching from n+3 to n+4 for retransmission. 
For the second case, HARQ ID can be indicated by UL grant for retransmission with asynchronous UL HARQ. The network can handle the mapping issue by indicating proper HARQ ID to be aligned with what is used for synchronous HARQ process if mapping function is well defined. However, if semi-persistent scheduling is activated, there is a chance of collision between HARQ process ID associated with SPS PUSCH and with normal PUSCH.
Fig 1. shows an example of the collision of HARQ process ID, when SPS is activated. Assuming HARQ ID mapping function of {HARQ_Process_ID = [Frame_number_before_switching * number_of_UL_SFs_per_radio_frame + index_of_UL_SF] modulo number_of_UL_HARQ_processes} [2], numberOfConfUlSPS-Processes=2, and semiPersistSchedIntervalUL=10sf, and if UL SPS is transmitted in subframe 0 of SFN N, its HARQ process ID will be 0. Note that HARQ process ID of SPS is determined based on current equation in TS 36.321 for asynchronous HARQ process for SPS. If another UL SPS is transmitted in subframe 0 of SFN N+1, its HARQ process ID will be 1. Under these circumstances, if normal PUSCH is scheduled in subframe 9 of SFN N by UL grant on CSS, the retransmission of PUSCH is scheduled in subframe 7 of SFN N+1. At this point, according to the above mapping function, if HARQ process ID 1 is used for retransmission scheduling of normal PUSCH by ULgrant on USS, both SPS PUSCH and normal PUSCH use same HARQ process ID of 1. In order to support such processing time switching, some specification effort needs to be taken into account particularly considering SPS operation, and it seems undesirable considering that it is not expected that eNB will change processing time very often and we have very limited time unit for this work item. 
Proposal 2: The same processing time between initial and retransmissions are assumed. If initial transmission is scheduled from CSS, retransmission follows synchronous HARQ process. If initial transmission is scheduled from USS, retransmission follows asynchronous HARQ process.  

[image: image1]
Fig 1. Example for collision of HARQ process ID
4. Conclusions

In this contribution, we discussed UL HARQ for a UE configured with shortened processing time in 1ms TTI. Based on the above discussions, our proposal is given as follows:

Proposal 1: For a UE configured with shortened processing time in 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4).
Proposal 2: The same processing time between initial and retransmissions are assumed. If initial transmission is scheduled from CSS, retransmission follows synchronous HARQ process. If initial transmission is scheduled from USS, retransmission follows asynchronous HARQ process.
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