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1. Introduction

In RAN1#88bis and RAN1#89, following agreements were made on shortened processing time for FS2 in 1ms TTI. [1], [2].
	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:

· FFS: The order of the numbers in the table
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· 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 supported with the following table.  

UL-DL
Configuration 6
Subframe n
0
1
2
3
4
5
6
7
8
9
-
-
6
4
4
-
-
6
3
-



In this contribution, we discuss remaining aspects for shortened processing time for FS2 in 1ms TTI.
2. Shortened processing time for FS2 in 1ms TTI
According to the current specification, the DL data to DL HARQ timing for each UL/DL configuration is shown in Table 1 [3]. 
	TDD 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
	-


Table 1. DL association set for TDD in current LTE 
As noted in Section 1, the remaining issue for the DL data to DL HARQ timing is the order of DL subframes corresponding to DL HARQ-ACK. As depicted in Figure 1, to avoid PUCCH collision between UEs with legacy and shortened processing times, DL subframes for legacy processing time can be placed at first, and then DL subframes only for shortened processing time can be followed. DL subframes for both legacy and shortened processing time will be placed only once, which implies that PUCCH resource of such DL subframes will be overlapped to avoid PUCCH collision between UEs with different processing time. From low latency UE perspective, PUCCH resources for DL subframes only for legacy UE need to be reserved but no HARQ-ACK will be mapped on the resources. 

[image: image1.emf]0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D

0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D

Frame#n Frame#n+1

Legacy UE

Low latency UE

TDD UL/DL 

configuration 1

(5, 0)

(6, 0)

N_(PUCCH,1)

PUCCH 

resource index

(5, 1)

(6, 1)

(5, 2)

(6, 2)

(6, 0)

(6, 1)

(6, 2)

(9, 0)

(9, 1)

Reserved, 

but no HARQ-ACK mapping

Legacy 

UE

Low latency 

UE

Notation:

(subframe#, OFDM symbol#)


Figure 1. PUCCH resource allocation for legacy and low latency UE
Based on the above, for a UE configured with shortened processing time, the DL data to DL HARQ timing is proposed as Table 2. Note that DL subframes only for legacy UE are in parentheses while those only for low latency UE are highlighted in red. DL subframes highlighted in green are for both legacy and low latency UEs. In summary, a low latency UE should take into account (1) DL subframes for both legacy and low latency UEs (numbers highlighted in green) and (2) DL subframes only for low latency UEs (numbers highlighted in red) in order to determine HARQ-ACK codebook for a certain UL subframe, and additionally, a low latency UE should also consider DL subframes only for legacy UEs in order to reserve PUCCH resource. 
	TDD UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	(6)
	3
	(4), 3
	-
	-
	(6)
	3
	(4), 3

	1
	-
	-
	(7), 6, 3
	(4), 3
	-
	-
	-
	(7), 6, 3
	(4), 3
	-

	2
	-
	-
	(8), 7, 4, 6, 3
	-
	-
	-
	-
	(8), 7, 4, 6, 3
	-
	-

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

	4
	-
	-
	(12), 8, 7, 11, 6
	6, 5, 4, (7), 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	(13), 12, 9, 8, 7, 5, 4, 11, 6, 3
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	(7), 6
	(7), 4
	(5), 4
	-
	-
	(7), 6
	(7), 3
	-


Table 2. DL association set for TDD with minimum timing of 3 ms

Proposal 1: For shortened processing time, DL HARQ-ACK timing from PDSCH to HARQ-ACK and PUCCH resource allocation can be determined by using Table 2. 
3. Conclusions

In this contribution, we discussed remaining aspects on shortened processing time for FS2 in 1ms TTI. Based on the above discussions, our proposals are given as follows:

Proposal 1: For shortened processing time, DL HARQ-ACK timing from PDSCH to HARQ-ACK and PUCCH resource allocation can be determined by using Table 2.
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