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1. Introduction
At the RAN1#86 and RAN1#87 meetings, following agreements on asynchronous HARQ in UL for 1ms TTI with shortened processing time (sPT) [1] - [2]:
	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
 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 behavior 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



[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK26]In addition, for processing time reduction with shortened TTI, following agreements made during the study item should be taken as discussion baseline [4]:
	Agreements:
· [bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK58][bookmark: OLE_LINK59]The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length
· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI
· k < 4 for slot based TTI. 
· Note that sTTI refers to 
· [bookmark: OLE_LINK49]sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· [bookmark: OLE_LINK47][bookmark: OLE_LINK48]FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths
· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI
· FFS: semi-static or dynamic configuration of m, if introduced
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k TTI for subframe-long TTI operation and short TTI capable UEs. 
· k = 4 is supported
· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this
· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded



In this contribution, we discuss asynchronous UL HARQ for 1ms TTI with shortened processing time (sPT). 

2. Asynchronous UL HARQ
It was agreed to support PHICH-less asynchronous UL HARQ at the RAN1#86 meeting. It was also agreed that bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV. Therefore, when a UE is configured with sPT for 1ms TTI, the UE shall monitor UL grant including fields indicating HARQ process ID and RV. 
As is discussed in our companion paper [5], it is important to make sure that fallback between shortened processing time (n+3) and legacy processing time (n+4) is enabled. In order to realize flexible fallback between n+3 and n+4 for data scheduling and/or HARQ-ACK feedback, HARQ process ID and timing indication should not be tied. In other words, each HARQ process ID should be able to be assigned to data irrespective of whether the data scheduling/HARQ-ACK feedback timing is n+3 or n+4. For PDSCH, it was agreed that the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared. Therefore, for PUSCH, HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI should be also supported, implying that initial transmission of processing time n+4 can be retransmitted by using shortened processing time n+3 to reduce the latency, while initial transmission of shortened processing time n+3 can also be retransmitted by using legacy processing time n+4 at least when the UE is scheduled with UL grant transmitted on the common search space. To realize above switching between asynchronous UL HARQ and synchronous UL HARQ, the mapping between UL subframe index and HARQ process ID needs to be defined for synchronous UL HARQ.
Proposal 1:
· PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI is supported.
· The mapping between UL subframe index and HARQ process ID needs to be defined for synchronous UL HARQ. 

When applying the minimum processing timing of n+3, for FS1, the maximum HARQ process number is 6. While for FS2, the maximum HARQ process number for different TDD UL-DL configurations with/without PUSCH transmission in UpPTS is summarized in Table 1 [6]. The actual number of HPN field is FFS and should be determined taking into account the asynchronous UL HARQ for shortened TTI operation. 
Table 1: Maximum HARQ process number for TDD UL-DL configuration 0-6 [6]
	HARQ process number
	TDD UL-DL configurations

	
	0
	1
	2
	3
	4
	5
	6

	W/o PUSCH in UpPTS
	5
	3
	2
	3
	2
	1
	4

	W PUSCH in UpPTS
	7
	4
	3
	4
	3
	2
	6



If the UE supports n+3 and shortened TTI altogether, the necessary number of HARQ processes is impacted by whether the HARQ processes can be shared between 1ms TTI and shortened TTI [7]. If it is agreed to be shared, the number of HARQ processes is determined by the shortened TTI operation. According to the current agreement, the upper bound of the minimum timing for UL grant to UL data and for DL data to its HARQ-ACK feedback is n+8 sTTI for shortened TTI. Hence, necessary number of HARQ processes would be up to 16.
Regarding to the RV field, similar as eLAA, 2 bits can be introduced which is common to both TBs if UL-MIMO is applied.
Proposal 2:
· For both FS1 and FS2 with asynchronous UL HARQ, 
· At least 3-bit HPN field is defined in the applicable DCI messages.
· 2-bit RV field is defined in the applicable DCI message which is common to both TBs if UL-MIMO is applied. 

3. Conclusion
In this contribution, we discussed remaining issues on sPT for 1ms TTI and proposed following.
Proposal 1:
· PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI is supported.
· The mapping between UL subframe index and HARQ process ID needs to be defined for synchronous UL HARQ. 
Proposal 2:
· For both FS1 and FS2 with asynchronous UL HARQ, 
· At least 3-bit HPN field is defined in the applicable DCI messages.
· 2-bit RV field is defined in the applicable DCI message which is common to both TBs if UL-MIMO is applied. 
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