3GPP TSG RAN WG1 Meeting #90                                          R1-1712319
Prague, Czech Republic, 21st – 25th August 2017
Source:               ZTE
Title:                    TDD HARQ with n+3 timing for 1ms TTI
Agenda item:      5.2.1.1.4
Document for:    Discussion and Decision 
Introduction
In RAN1 #86 meeting, it was agreed that a minimum timing n+3 is supported with a reduced maximum TA. Many progresses had been made during the previous meetings. This contribution further discusses the remaining issues for TDD HARQ with n+3 timing for both DL and UL.
Remaining issues for DL HARQ timing in TDD 
Based on the agreements made in RAN1 #88bis and RAN1 #89 meetings [1][2], the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is defined as follows. The number in red is associated with a special subframe.
Table 1: DL association set for TDD UL/DL configuration 0~5 with n+3 timing
	UL-DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-

	2
	-
	-
	7, 6, 4, 3
	-
	-
	-
	-
	7, 6, 4, 3
	-
	-

	3
	-
	-
	7, 6, 5
	5, 4
	4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	11, 8, 7, 6
	6, 5, 4, 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12, 9, 8, 7, 5, 4, 3, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


· FFS: The order of the numbers in the table
One remaining issue is the order of the numbers in Table 1. In legacy TDD design, block interleaving is adopted for the implicit PUCCH resource determination. Special subframe is placed in the end of each entry considering the control region of special subframe is usually smaller than that of normal DL subframes to save the PUCCH overhead in some scenarios. Similarly, the number corresponding to special subframe should also be placed in the end of each entry for n+3 timing. Another factor to be considered is the resource sharing between legacy timing UEs and low latency timing UEs. In order to achieve PUCCH resource sharing, the order for the common subframe(s) in the table with n+3 timing should be the same as in the table with n+4 timing. The resulting table is shown in Table 2 when taking these factors into consideration. The common subframes with the same order are marked with green in Table 2 and Table 3 with n+4 timing. More details about the PUCCH resource collision avoidance can be found in our accompanion contribution [3].
[bookmark: _Ref458002362]Table 2 Downlink association set for TDD with n+3 timing considering the order of the numbers
	UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	3,6
	3
	-
	-
	-
	3,6
	3
	-

	2
	-
	-
	3,7,4, 6
	-
	-
	-
	-
	3,7,4, 6
	-
	-

	3
	-
	-
	7,6, 5
	4,5
	3,4
	-
	-
	-
	-
	-

	4
	-
	-
	6,8,7,11
	6,5,4,3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	3,12,9,8,7, 5,4, 11,6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Table 3: Downlink association set for TDD with n+4 timing
	UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


There is another remaining issue for DL HARQ with n+3. The DL HARQ process number should also be defined. Based on the PDSCH-to-ACK timing, the maximum DL HARQ process number can be defined as Table 4.
[bookmark: _Ref458002371]Table 4: Number of DL HARQ process
	UL/DL
Configuration
	kmin,DL

	
	4
	3

	0
	4
	4

	1
	7
	5

	2
	10
	8

	3
	9
	7

	4
	12
	10

	5
	15
	13

	6
	6
	5


Proposal 1: TDD PDSCH-to-ACK timing with n+3 minimum processing timing shown in Table 2 is adopted. 
Remaining issues for UL scheduling timing in TDD 
[bookmark: _Ref458005788]Table 5: Number of UL HARQ processes
	UL/DL
Configuration
	special subframe configuration

	
	0-9
	10

	0
	5
	7

	1
	3
	4

	2
	2
	3

	3
	3
	4

	4
	2
	3

	5
	1
	2

	6
	4
	6



The UL scheduling timing in TDD has been finished in RAN1 #89 meeting. But the number of UL HARQ processes is still not defined. Table 5 gives the number of UL HARQ processes number based on the agreed UL scheduling timing.
Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contributiondiscusses the TDD HARQ-ACK timing for latency reductionwith 1ms TTI, and proposes:
Proposal 1: TDD PDSCH-to-ACK timing with n+3 minimum processing timing shown in Table 2 is adopted. 
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