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1 Introduction
In RAN1 #88bis meeting, the following agreements for dynamically scheduling between PUSCH within 1ms TTI and sPUSCH within sTTI were made [1]:
Agreement:

· The total number of soft channel bits is not increased if UE supports sTTI operations. 
· i.e. no new UE category need to be specified for sTTI.
· Note that this does not preclude defining UE category in the future release in the sTTI operation
In RAN1 #87 meeting, the following agreements for dynamically scheduling between PDSCH within 1ms TTI and sPDSCH within sTTI were made [2]:
Agreement:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH 
In RAN1 #84bis meeting, the following agreements for dynamically scheduling between PUSCH within 1ms TTI and sPUSCH within sTTI were made [3]:
Agreement:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH 
This contribution discusses the HARQ processes handling to support dynamic switching between 1ms TTI and sTTI. 
2 HARQ sharing between 1ms TTI and sTTI
The number of HARQ processes for short TTI would be more than 8 because processing time of short TTI is between n+4 and n+8. For example, there are maximum 12 HARQ processes with processing time (n+6) for 2-OS sTTI. While for 1ms TTI, there are 8 HARQ processes for n+4 processing time and 6 HARQ processes for n+3 processing time.
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Figure 1 maximum 20 HARQ processes
It is agreed that a UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH. As shown in Figure 1, maximum 20 HARQ processes should be supported with processing time (n+6) for 2-OS sTTI and (n+4) for 1ms TTI. 

With dynamic switching between 1ms TTI and sTTI, data of retransmission may be lost when HARQ processes for sTTI and HARQ processes for 1ms TTI are not shared. In order to avoid data loss when switching between 1ms TTI and sTTI, HARQ processes should be shared between 1ms TTI and sTTI.

Proposal 1: HARQ processes should be shared between 1ms TTI and sTTI.
It was agreed in RAN1 #88bis meeting that the total number of soft channel bits is not increased if UE supports sTTI operations. So the soft buffer size should not be increased with HARQ processes sharing between 1ms TTI and sTTI. It would be straight-forward to use 5 bits to identify 20 HARQ processes, with any HARQ process ID applicable to any one of 1ms TTI transmission and 2-OS sTTI transmission. Then each HARQ process could switch flexibly between 1ms TTI and 2-OS sTTI. On the other hand, control overhead would increase and TBS limitation would be introduced for 1ms TTI. Although using 4 bits to identify 16 HARQ processes is enough for switching flexibly between 1ms TTI and 1-slot sTTI with n+4 timing, 5 bits should be also used to keep the same DCI format(s) for 1ms TTI.
Similar for FS2 case, the number of HARQ processes are larger than 8 for some DL/UL subframe configurations, but the soft buffer are not increased due to the buffer size is determined by min{MDL_HARQ, Mlimit} with Mlimit =8. But TBS limitation may be more stringent with more HARQ processes. 

Alternatively, HARQ process mapping between 1ms TTI and sTTI could be used to avoid data loss. The mapping relation is shown in Table 1. 
Table 1 HARQ process mapping between retransmission within 1ms TTI and initial transmission within 2-OS sTTI

	HARQ processes ID in 2OS sTTI
	HARQ processes ID in 1ms sTTI

	0,8
	0

	1,9
	1

	2,10
	2

	3,11
	3

	4
	4

	5
	5

	6
	6

	7
	7


With such mapping in one HARQ process, 

· The scheduling of a TB in 1ms TTI always carries 3-bit HARQ process ID (0~7) as in legacy specification; the scheduling of a TB in 2OS sTTI already carries 4-bit HARQ process ID (0~11).  
· It is assumed that UE is not expected to have two pending HARQ processes whose initial transmissions, regardless of TTI lengths, have the same HARQ process ID. 
· For a retransmission in 2OS sTTI with HARQ process ID i, such retransmission is mapped to the HARQ process whose process ID of the initial transmission equals to i. In this case, if i≤7, the initial transmission can uses either 1ms TTI or 2OS sTTI; otherwise, the initial transmission has to be in 2OS sTTI.  
· For a re-transmission in 1ms TTI with HARQ process ID i where 4≤i≤7, such retransmission is mapped to the HARQ process whose process ID of initial transmission equals to i.  
· For a re-transmission in 1ms TTI with HARQ process ID i where 0≤i≤3, such retransmission is mapped to the HARQ process whose process ID of initial transmission is either i or i+8, with the restriction that the UE cannot have two pending HARQ processes whose process IDs equal to i and i+8 respectively at the time when the switching from 2OS sTTI (initial transmission) to 1ms TTI (any retransmission) is performed in the HARQ process whose process ID is either i or i+8.
Alternatively, partial sharing HARQ processes with fixed 8 processes mapping can be also considered. Only HPN #0-7 are supported to switch between retransmission within 1ms TTI and initial transmission within 2-OS sTTI. Some flexibility of dynamic switching may be lost and 2-OS sTTI can be only used for retransmission in case initial transmission using 2-OS sTTI with HPN larger than 7. It can be acceptable because the advantage of sTTI operation is mainly for slow-start scenario in case of low load and small file size traffic, which means few HARQ processes would occur simultaneously. 
The above mapping method keeps the HARQ process ID field unchanged in legacy DCI for 1ms TTI, and avoids increasing control overhead and introducing more stringent TBS limitation. 
Proposal 2: In order to avoid data loss, HARQ processes mapping between 1ms TTI and sTTI should be considered.
3 Conclusion

According to the analysis given above, we have the following proposals:
Proposal 1: HARQ processes should be shared between 1ms TTI and sTTI.
Proposal 2: In order to avoid data loss, HARQ processes mapping between 1ms TTI and sTTI should be considered.
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