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1
Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI has been approved in [3]. The main objectives of the WI in [3] are given by: 
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
In RAN1#88bis following was agreed:

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

Furthermore, in RAN1#89 the HARQ-ACK timing for UL-DL configuration #6 was agreed:

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 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 present our considerations on the remaining open issues, with focus on FS2 related aspects.
2
DL HARQ-ACK feedback with n+3 timing
In LTE Rel-14, DL HARQ-ACK timing is determined based on a DL association set indexing as show in table 1 below. The entries in the table indicate the HARQ-ACK delay in terms of subframes. The basic principle has been that HARQ-ACK shall be transmitted not before subframe n+4. However, HARQ feedback is not necessarily always provided in the first possible UL subframe satisfying the n+4 condition, but instead there has been attempt to balance the number of DL subframes associated with different UL subframes. E.g. with UL-DL configuration 3, HARQ-ACK feedback for SF#9 is sent 5 subframes later in SF#4, while SF#3 would also be available for HARQ-ACK feedback. 
Table 1: Downlink association set index
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	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
	-


For the n+3, the agreements in RAN1#88bis  and RAN1#90 leave open the order of the subframes. In addition to HARQ-ACK feedback timing, DL association set is also used to define how HARQ-ACK feedback is performed, including HARQ-ACK codebook size determination as well as in determining the PUCCH resource allocation. LTE operation with 1-ms TTI relies heavily upon implicit HARQ-ACK resource allocation, which allows for efficient sharing of the UL resources for control information transmission. We think this approach is worth preserving also with n+3 HARQ-ACK timing, and corresponding aspects should be taken into account in the DL association set design.

Proposal #1: Implicit PUCCH resource allocation for HARQ-ACK is supported for also with n+3 HARQ-ACK timing 

For implicit HARQ-ACK resource allocation to work, the indexing and ordering of DL subframes requires close attention. In essence, what needs to be considered is how to avoid collisions between PUCCH resources corresponding to PDSCH transmissions with legacy or reduced processing times. 
Based on Table 1, and the HARQ-ACK timings agreed in RAN1#88bis and RAN1#90, three different UL subframes types carrying HARQ-ACK can be identified:

1. UL Subframes dealing with low-latency UEs only

2. UL Subframes dealing with both low-latency UEs and legacy UEs 

3. UL Subframes dealing with legacy UEs only 

The handling of 1st and the 3rd type of UL subframes is straight forward as collisions can never occur. As for how to avoid PUCCH resource collisions between UEs supporting legacy timing, and the UEs supported reduced processing times, a couple of alternatives could be identified: 
· Alt 1: a separate RRC configured starting point is defined for the low-latency PUCCH resources
· Alt 2: The PUCCH resource mapping for normal and low latency UE is done jointly, similarly as in eIMTA; PUCCH resources for normal and low latency UEs may partially overlap.

While Alt 1 is a seemingly simple approach, it would easily lead to a significant increase in UCI overhead. Therefore we see that the design should follow the eIMTA principle, where UEs with different HARQ-ACK timing share a joint PUCCH resource pool, and Downlink association set for the low latency UEs is designed to minimize collisions and scheduling restrictions. 
Observation #1: There is no need to define a new RRC configured UE-specific starting offset for FS2.
The remaining issue is how to ensure collision avoidance for UL subframes where both low-latency and legacy UE transmit their HARQ-ACK feedback. Following the principles for eIMTA implicit HARQ-ACK resource allocation, the DL association set indexing should take into account both the legacy and the low-latency timing, essentially combining the two tables into one. Furthermore, indexing should be such that collisions cannot occur with legacy and new UEs. The resulting HARQ-ACK timing is presented in Table 2, where:

· numbers in black without parentheses relate to both low-latency and normal-latency mode UEs
· numbers in parentheses relate to normal-latency mode UEs only
· numbers in red relate to low-latency mode UEs only
Table 2: DL association set for 3 ms minimum latency 
	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
	-


PUCCH resource allocation can be performed with Table 2 for Rel-14 UEs supporting reduced processing time. Note that for the subframes in brackets, n+3 UEs will need to reserve the corresponding PUCCH resources to avoid collisions with legacy UEs, although their HARQ ACK cannot map onto them. On the other hand, the subframes in brackets are not taken into account when determining the HARQ-ACK codebook size (i.e. bundling window) or bit ordering. With such mapping the HARQ-ACK collisions can be avoided at least when the PDCCH is transmitted in the 1st OFDM symbol. Furthermore, sharing the PUCCH resources between legacy and low-latency UEs minimized the UCI overhead and allows for dynamic switching between n+4 and n+3 timing. Furthermore, the same tables can be used for defining the HARQ-ACK codebook. From specification point of view this approach is very simple, as the basic principle is directly borrowed from eIMTA.

Proposal #2: HARQ-ACK timing, bit ordering, and PUCCH resource allocation follow the indexing in Table 2.   
3
Conclusions
In this contribution, we have presented our views on latency reduction with 1-ms TTI for FS2 and showed how the improvements in DL HARQ-ACK feedback latency and UL scheduling can be achieved with n+3 timing assumption. Based on the discussion we make following proposals:
Proposal #1: Implicit PUCCH resource allocation for HARQ-ACK is supported for also with n+3 HARQ-ACK timing 
Observation #1: There is no need to define a new RRC configured UE-specific starting offset for FS2.
Proposal #2: HARQ-ACK timing, bit ordering, and PUCCH resource allocation follow the indexing in Table 2
Table 2: DL association set for 3 ms minimum latency 
	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
	-
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