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1	Introduction
In RAN1 #88, for shortened processing time with 1ms TTI, the following agreements were reached.
Agreement:
· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is defined as follows:
· For TDD configuration 1-5
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· FFS on TDD configuration 0 and 6
	TDD UL/DL configuration
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	3
	5
	
	
	3
	3
	5
	
	
	3

	2
	
	
	
	3
	3
	
	
	
	3
	3

	3
	3
	3
	
	
	
	
	
	
	3
	3

	4
	3
	
	
	
	
	
	
	
	3
	3

	5
	
	
	
	
	
	
	
	
	3
	3


· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is down-selected among the below alternatives. 
· For TDD UL/DL configuration 0 and special subframe configuration (SSC) 0-10
· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10











	TDD UL/DL configuration 0
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	3/4
	3/6
	
	
	
	3/4
	3/6
	
	
	

	Option 2
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 3
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	

	Option 4
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 5
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	


· For TDD UL/DL configuration 6 and special subframe configuration (SSC) 0-10
· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 5: option 6 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
	TDD UL/DL configuration 6
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	4
	6
	
	
	
	3
	6
	
	
	4

	Option 2
	3/6
	3/6
	
	
	
	3
	5
	
	
	3

	Option 3
	3/4
	5/6
	
	
	
	3
	5
	
	
	3

	Option 4
	3/4 
	5/6 
	
	
	
	3 /6
	5/6 
	
	
	3/4 

	Option 5
	4
	5/6
	
	
	
	3
	5/6
	
	
	4

	Option 6
	3/6
	3/6
	
	
	
	3
	5
	
	
	3


Agreement:
· For 1ms TTI in FS2 and for TDD UL/DL configurations 0-5, the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is defined as follows:
	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
	-
	-
	-
	-
	-
	-
	-


· FFS: The order of the numbers in the table

Agreement:
· For 1ms TTI in FS2 and for TDD UL/DL configuration 6, the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is down-selected among the below alternatives. 

	UL-DL
Configuration 6
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-

	Option 2
	-
	-
	3,6
	3
	3
	-
	-
	-
	3
	-


· FFS the order of the numbers in the table

In this paper, we further discuss
· DL grant/PDSCH to ACK/NAK timeline for UL/DL configuration 6
· UL grant to PUSCH timeline for UL/DL configuration 0 and 6
· PUSCH power control timeline

2	Discussion
For n+3 processing timeline, we will need to define the necessary HARQ timelines for each UL/DL TDD configuration. Since asynchronous HARQ will be used for PUSCH, we do not need to define timeline between PUSCH and PHICH anymore. Since PUSCH in UpPTS is supported in Rel 13, the n+3 timeline design should cover that case as well. 
[bookmark: _Ref457904311]Table 1. Uplink-downlink configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



2.1	PDSCH to ACK/NAK timeline
The basic principles applied are:
· The minimum timing offset is 3
· ACK/NAK can only be transmitted in U subframes
· Some effort is applied to balance the ACK/NAK load across different U subframes

Given that Option 2 from the previous agreement achieves a lower latency, we propose to adopt the DL HARQ timing in Table 2 for UL/DL configuration 6. 
[bookmark: _Ref473749908]Table 2: Downlink association set [image: ]: [image: ] for TDD UL/DL Configuration 6
	UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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



[bookmark: p1]Proposal 1: Adopt Table 2 as the PDSCH to ACK/NAK timing for TDD configuration 6.
2.2	UL grant to PUSCH timeline
For UL grant to PUSCH timeline, it is agreed to down select within the following:
· For TDD UL/DL configuration 0 and special subframe configuration (SSC) 0-10
· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
	TDD UL/DL configuration 0
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	3/4
	3/6
	
	
	
	3/4
	3/6
	
	
	

	Option 2
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 3
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	

	Option 4
	3/4
	5/6
	
	
	
	3/4
	5/6
	
	
	

	Option 5
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	


· For TDD UL/DL configuration 6 and special subframe configuration (SSC) 0-10
· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 5: option 6 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10




	TDD UL/DL configuration 6
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Option 1
	4
	6
	
	
	
	3
	6
	
	
	4

	Option 2
	3/6
	3/6
	
	
	
	3
	5
	
	
	3

	Option 3
	3/4
	5/6
	
	
	
	3
	5
	
	
	3

	Option 4
	3/4 
	5/6 
	
	
	
	3 /6
	5/6 
	
	
	3/4 

	Option 5
	4
	5/6
	
	
	
	3
	5/6
	
	
	4

	Option 6
	3/6
	3/6
	
	
	
	3
	5
	
	
	3



For simplicity, it will be preferable to have a common design to support both PUSCH in UpPTS enable and disabled. Therefore, it is preferred to have a common timeline for all SSCs. Then for configuration 0, we have Alt 3 and Alt 4, and for configuration 6, we have Alt 3, Alt 4, and Alt 5. For these remaining alternatives, for PUSCH in normal UL subframe, Alt 4 for configuration 0 and Alt 5 for configuration 6 have the smallest average delay. Therefore, we prefer Alt 4 for configuration 0 and Alt 5 for configuration 6.
[bookmark: p2]Proposal 2: Adopt Alt 4 for configuration 0 and Alt 5 for configuration 6
2.3	PUSCH power control timeline
For PUSCH power control, a timeline needs to be defined such that for PUSCH transmission in subframe , the power control command in subframe  will be followed. The selection of  essentially follows the UL grant to PUSCH timeline. We propose the  values are shown in Table 3:
[bookmark: _Ref457839162]Table 3. [image: ] for TDD configuration 0-6
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0 (MSB of UL index=1)
	- 
	-
	-
	3
	3
	-
	-
	-
	3
	3

	0 (LSB of UL index=1)
	- 
	6
	6
	-
	-
	-
	6
	6
	-
	-

	1
	-
	5
	3
	3
	-
	-
	5
	3
	3
	-

	2
	-
	3
	3
	-
	-
	-
	3
	3
	-
	-

	3
	-
	3
	3
	3
	3
	-
	-
	-
	-
	-

	4
	-
	3
	3
	3
	-
	-
	-
	-
	-
	-

	5
	-
	3
	3
	-
	-
	-
	-
	-
	-
	-

	6 (MSB of UL index=1)
	-
	5
	3
	3
	3
	-
	-
	-
	3
	-

	6 (MSB of UL index=1)
	-
	-
	-
	-
	-
	-
	6
	6
	-
	-



[bookmark: p3]Proposal 3: Adopt Table 3 as the PUSCH power control timing.

3	Conclusions 
In this paper, we studied and proposed HARQ timing for shortened processing time for 1ms TTI. We have the following proposals:
 Proposal 1: Adopt Table 2 as the PDSCH to ACK/NAK timing for TDD configuration 6.
Proposal 2: Adopt Alt 4 for configuration 0 and Alt 5 for configuration 6
Proposal 3: Adopt Table 3 as the PUSCH power control timing.
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