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1	Introduction
To support shortened processing timing for 1ms TTI, for FS2, we need to define HARQ timing for both DL and UL for each of the UL/DL TDD configurations. In this paper, we discuss
· DL grant/PDSCH to ACK/NAK timeline
· UL grant to PUSCH timeline.
· 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 don’t 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

The proposed design follows these principles is shown in Table 2. In the table, we list the set of  that the PDSCH transmitted in subframe  is transmitted in subframe .
[bookmark: _Ref473749908]Table 2: Downlink association set [image: ]: [image: ] for TDD
	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
	-
	-
	7, 4, 3, 6
	-
	-
	-
	-
	7, 4, 3, 6
	-
	-

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

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

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

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



[bookmark: p1]Proposal 1. Adopt Table 2 as the PDSCH to ACK/NAK timing.
2.2	UL grant to PUSCH timeline
For UL grant to PUSCH timing, we follow the principles:
· The minimum timing offset is 3.
· PUSCH in UpPTS is covered as well.
· For UL/DL TDD configuration 6, we introduce UL index field to allow one UL grant to grant up to two PUSCH transmissions.
The proposed design follows these principles is shown in Table 3. In the table, we list the set of k that the PUSCH transmitted is transmitted in subframe  when the UL grant is received in subframe .
For simplicity, we propose not to have different designs for the case PUSCH in UpPTS is supported or not. Instead, a common design is defined, and when PUSSH in UpPTS is not supported, the corresponding UL grant location and/or UL grant UL index fields are treated as invalid.
[bookmark: _Ref473750946]Table 3. k for TDD configuration 0-6
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0 (UL grant w/ UL index MSB=1)
	3
	3
	
	
	
	3
	3
	
	
	

	0 (UL grant w/ UL index LSB=1)
	6
	6
	
	
	
	6
	6
	
	
	

	1
	3
	5
	
	
	3
	3
	5
	
	
	3

	2
	
	
	
	3
	3
	
	
	
	3
	3

	3
	3
	3
	
	
	
	
	
	
	3
	3

	4
	3
	
	
	
	
	
	
	
	3
	3

	5
	
	
	
	
	
	
	
	
	3
	3

	6 (UL grant w/ UL index MSB=1)
	3
	3
	
	
	
	3
	5
	
	
	3

	6 (UL grant w/ UL index LSB=1)
	6
	6
	
	
	
	
	
	
	
	



[bookmark: p2]Proposal 2. Adopt Table 3 as the UL grant to PUSCH timing.

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. The  values corresponding to Table 3 are shown in Table 4.
[bookmark: _Ref457839162]Table 4. [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 4 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.
Proposal 2. Adopt Table 3 as the UL grant to PUSCH timing.
Proposal 3. Adopt Table 4 as the PUSCH power control timing.





2/3
image1.wmf
K


image2.wmf
{

}

011

,,

M

kkk

-

L


image3.wmf
PUSCH

K


