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1 Introduction
In RAN1 #86 meeting, the following agreements and working assumption for 1ms TTI with shortened processing time were made [1]:
Agreement:

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation
In RAN1 #87 meeting, the following agreements and working assumption for 1ms TTI with shortened processing time were made [2]:

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
This contribution discusses details of PHICH-less asynchronous UL HARQ for 1 ms TTI with shortened processing time.
2 PHICH-less asynchronous UL HARQ
It has been agreed in RAN1 #86 meeting that PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time. For FS1 and FS2, bit fields need to be defined in the applicable DCI messages to indicate HARQ processes ID and RV. 
RV can be indicated by independent bit fields with 2 bits, or can be indicated by 5 bits of Modulation and coding scheme with some restrictions when using RV #1~#3. If RV is indicated by independent bit fields with 2 bits in DCI format 0, DCI format 1A would increase padding bits to ensure the payload size equals to that of format 0. For UL TM2, DCI format 4 would increase 4 bits for indicating RV because each TB needs a RV field.
For UL HARQ processes ID, there are 6 UL HARQ processes number for FDD with minimum timing k = 3. Maximum UL HARQ processes number for TDD is 7 with minimum timing k = 3 and details are in [3]. So 3 bits are needed for both FDD and TDD to indicate UL HARQ processes number. If UL HARQ processes number is indicated by independent 3-bit fields in DCI format 0, DCI format 1A would increase padding bits to ensure the payload size equals to that of format 0. In order not to increase size of DCI format 0/1A, some other methods could be considered. For example, 3 bits of cyclic shift for DM RS and OCC index in format 0 could be used as UL HARQ processes number indication. Then cyclic shift for DM RS and OCC for a UE could be configured by RRC signalling with some restrictions. 
DCI Format 0/1A are shown as Table 1, the size of format 0 is 1 bit smaller than that of format 1A with same system bandwidth. 1 padding bit is added to format 0 to ensure the same size of the two formats. When considering asynchronous UL HARQ with UL HARQ processes ID and RV are indicated independently, additional 5 bits are added to format 0. Then 4 padding bits need to be appended to format 1A and counts about 10% overhead. 

Table 1 DCI Format 0/1A

	Format 0
	Format 1A

	Information field
	Number of bits
	Information field
	Number of bits

	CRC
	16
	CRC
	16

	CIF
	3
	CIF
	3

	UL/DL grant flag
	1
	UL/DL grant flag
	1

	Resource allocation
	6-14
	Resource allocation
	6-14

	MCS and RV
	5
	MCS
	5

	NDI
	1
	RV
	2

	CS and OCC
	3
	NDI
	1

	TPC for PUSCH
	2
	HARQ process
	3

	CSI request
	1
	TPC for PUCCH
	2

	Total
	38-46
	Total
	39-47


Observations 1: Indicating UL HARQ processes ID and RV independently can increase the length of DCI format 1A by about 10% with padding. 
3 PUSCH HARQ processes sharing between different timing
If PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI is supported, HARQ processes switching between different timings could be enabled and the data in the buffer for retransmission could avoid being dropped after the timing is changed. 

For n+4 to n+3 case, HARQ processes switching would happen only in case of RRC reconfiguration. For n+3 to n+4 case, this would happen when RRC reconfiguration or dynamic fallback. But there is a note that it is not expected that the eNB will often change between n+3 and n+4 scheduling timing. Thus the benefit of PUSCH HARQ processes sharing may not be acquired so often. It can be acceptable only if few specification efforts are needed for PUSCH HARQ processes sharing between different timing. 
Synchronous HARQ is used for n+4 timing for PUSCH in Rel-8 to Rel-14. If asynchronous HARQ is used for n+4 timing, then HARQ processes sharing can be easily achieved by HARQ processes indication in UL grant since asynchronous HARQ had been agreed for n+3 timing. But it seems no need to change the legacy mechanism for such an infrequent case. If synchronous HARQ is maintained for n+4 timing, a mechanism should be introduced to determine the HARQ process index for PUSCH with n+4 timing. Then the same HARQ process could be switched between n+3 1ms TTI and n+4 1ms TTI without ambiguity. One possible way is that the HARQ process index for PUSCH with n+4 timing is determined in a similar way as SPS HARQ process index determination specified in TS 36.321. If this could introduce other specification issues, it is better not to support PUSCH HARQ processes sharing.
Proposal 1: PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI can be supported if few specification efforts are needed.
4 Conclusion

According to the analysis given above, we have the following observations and proposals:
Observations 1: Indicating UL HARQ processes ID and RV independently can increase the length of DCI format 1A by about 10% with padding. 
Proposal 1: PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI can be supported if few specification efforts are needed.
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