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1 Introduction
In the RAN1#87 meeting [1], it was agreed that

· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.

· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared

· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI

· FFS: UE behaviour in case of n+3 and n+4 collision

· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing

In the RAN1#88 meeting [2], it was agreed that

· For FS1, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe

· Adopt the following behaviour for handling the collision of conflicting UL grants with n+3 and n+4 timing 

· The UE is not expected to receive conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier

· Note: If the UE receives conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier, the UE behavior is left up to UE implementation.

· For FS1, the UE is not expected to be able to receive UL grants with N+3 and N+4 timing in the same subframe and carrier

· Note: This might not imply specification changes

· For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times (e.g., n+3 and n+4) in a subframe for a given carrier. 

In the RAN1#88b meeting [3], it was agreed that

· In case of FS1 to solve PUCCH collisions between n+3 and n+4 UEs:

· RRC configured UE-specific starting offset 

· 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
· 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 contribution, we will further discuss collisions between n+4 and n+3 for FS2.
2 PUCCH collision between different UEs for FS2
For FS2 UEs with a minimum timing of n+4, implicit PUCCH format 1a/1b resources are allocated according to HARQ timing of a minimum timing n+4, as shown in Appendix A. However, For FS2 UEs with a minimum timing of n+3, implicit PUCCH format 1a/1b resources are allocated according to HARQ timing of a minimum timing of n+3, as shown in section 1. Thus in a given UL subframe, PUCCH resources collisions may happen between UEs with different HARQ timings.
An example is shown in Figure 1, assuming UL-DL configuration 2. If the n+3 DCI in subframe#5 scheduling PDSCH for UE1 and n+4 DCI in subframe#4 scheduling PDSCH for UE2 have the same nCCE, then they will have the same PUCCH resource allocation on subframe#2 if the legacy PUCCH mapping rule is reused. In the same reason, the PUCCH collision also may happen for other DL subframes and other UL-DL configurations.
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Figure 1.  HARQ-ACK PUCCH resource allocation on UL subframe #2 (UL-DL configuration 2)
To avoid collision, for DL subframes being common within the bundling windows of timing n+4 and timing n+3, such as DL subframes #5,8,6 in the example of Figure 2, PUCCH resource regions are reserved according to Rel-8 mapping rule to keep the backward compatibility. As shown in Figure 2, the PUCCH resource regions for DL subframe #5, 6 and 8 of timing n+3 are the same with that of timing n+4. 

For the remaining DL subframes within the bundling window for UEs with timing n+3, such as DL subframes #9 in example in Figure 2, new PUCCH resource regions are defined. Similar to FS1, the starting offset of PUCCH resource for the remaining DL subframes can be RRC configured UE-specifically. As shown in Figure 2, PUCCH resource region for DL subframe #9 of timing n+3 is reserved separately. 
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Figure 2. Proposed PUCCH resource reservation (UL-DL configuration 2)
Downlink association set for both timing n+3 and n+4 are summarized in Table 2, where the PUCCH resources associated with the index in brackets [] and () are reserved according to Rel-8 mapping rule, and the PUCCH resources associated with the index without brackets [] and () are reserved separately.

Table 2: Downlink association set index
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 for FS2 with n+3 timing
	UL-DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	[6]
	3
	[4], 3
	-
	-
	[6]
	[4],3
	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
	-
	-
	-
	-
	-
	-
	-


Note: [-] only associates n+4 timing; (-) is common for n+4 timing and n+3 timing; index without brackets are only for n+3 timing.

Proposal 1: For DL subframes that are HARQ-ACKed in the same UL subframe for n+3 and n+4 timing, PUCCH resource regions are reserved according to Rel-8 mapping rule.

Proposal 2: For DL subframes that are HARQ-ACKed in different UL subframes for n+3 and n+4 timing, the starting offset of PUCCH resource for n+3 timing is RRC configured UE-specifically. 
3 PUCCH collision for the same UE for FS2

In the RAN1#87 meeting [1], it was agreed that it is not expected that the eNB will often change between n+3 and n+4 scheduling timing, which means it is not necessary to solve the collision issue for a UE due to the switch between n+3 and n+4 scheduling timing. For FS1, it was agreed that the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe. Therefore, for FS2, the same principle should be adopted. The collision can be avoided by eNB implementation that eNB will not schedule n+3 and n+4 PDSCHs that are HARQ-ACKed in the same subframe.
Correspondingly, the HARQ-ACK codebook size (i.e. bundling window) or bit ordering is determined according to n+3 timing or n+4 timing. 
Proposal 3: The PUCCH collision handling between n+3 and n+4 timing for the same UE is left to implementation.
4 Conclusions

In this contribution, we further discuss collisions between n+4 and n+3 for FS2 and give the following proposals. 

Proposal 1: For DL subframes that are HARQ-ACKed in the same UL subframe for n+3 and n+4 timing, PUCCH resource regions are reserved according to Rel-8 mapping rule.

Proposal 2: For DL subframes that are HARQ-ACKed in different UL subframes for n+3 and n+4 timing, the starting offset of PUCCH resource for n+3 timing is RRC configured UE-specifically. 
Proposal 3: The PUCCH collision handling between n+3 and n+4 timing for the same UE is left to implementation.
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Appendix A. Downlink association set for FS2 with a minimum timing of n+4
Table 2: Downlink association set index
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 for TDD [TS 36.213]

	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
	-
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