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1 Introduction

In RAN1previous meetings, the following agreements for 1ms TTI with shortened processing time were made in [1][2][3]:
Agreement (RAN1 #88):

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

· 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

· 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.
Agreement (RAN1 #88bis):

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

· RRC configured UE-specific starting offset 

· If the UE receives conflicting PHICH with n+4 timing and UL grant with n+3 timing scheduling PUSCH for the same UL subframe of a carrier, only the PUSCH scheduled by UL grant with n+3 timing is transmitted.

· Note: This might not have specification impact

Agreement (RAN1 #89)
· For FS2, a UE is not expected to receive DL assignments with different processing time for the same carrier which result in HARQ-ACK occurring in the same subframe

· For a HARQ-process with n+4 timing, layer 1 delivers HARQ-ACK to MAC layer regardless of a later received n+3 UL grant detection.

· If there is a collision with an n+3 UL grant, an explicit DCI is required for the retransmission, i.e. autonomous non-adaptive PUSCH retransmission is not adopted

This contribution discusses the remaining issues of handling collisions between n+3 timing transmission and n+4 timing transmission.
2 Remaining issues of handling collisions for different UEs

In our companion contribution [4], the DL HARQ timing table for n+3 is proposed as shown in Table 1. For comparison, the DL HARQ timing table for legacy n+4 is also listed in Table 2. From these two tables, we can find that there are common subframes in both tables, which are marked with green.

Table 1: Downlink association set K: {k0,k1,…,kM-1} for TDD with n+3 timing

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

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

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

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

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Table 2: Downlink association set K: {k0,k1,…,kM-1}  for TDD with n+4 timing

	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
	-


As already discussed in [4], the orders of the number in Table 1 are arranged in such a way to provide the possibility of PUCCH resource sharing with legacy timing of n+4. This will result in at least no resource collision for the common subframes if the same PUCCH resource mapping is applied for both UEs. But for the DL subframes with different timings corresponding to a same UL subframe, there will be resource collision if the same CCE index is used for the corresponding (E)PDCCH in different subframes. Take UL/DL configuration #2 as an example, if the same CCE index is used for legacy UE in subframe#9 and for low latency UE in subframe#4, PUCCH resource collision will happen. 
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Figure 1: PUCCH resource collision between n+3 and n+4 UEs.

One similar way as FDD is to configure an additional UE-specific starting offset for the DL subframes, of which its HARQ-ACKs with different timings correspond to a same UL subframe. That is only the number not highlighted in green in Table 1 needs an additional UE-specific starting offset to avoid the collision. 
Proposal 1: In case of FS2 to solve PUCCH collisions between n+3 and n+4 UEs, 

· Configure an additional UE-specific starting offset for the DL subframe, of which its HARQ-ACKs with different timings correspond to a same UL subframe.
3 Remaining issues of handling collisions for the same UE
In RAN1 #88, it was agreed that:

· 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

Similar collision handling should also be applied for FS2. Therefore, it is proposed that:

Proposal 2: For FS2, 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.
4 Remaining issues of fallback operation

It was agreed that a UE with shortened processing time supports 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.
But for the DCI carried in both USS and CSS with AL = 4/8, the UE would be ambiguous on which processing time should be used. When the number of CCE is not larger than 16, the region of USS and CSS would be fully overlapped, leading to an ambiguous fallback operation if AL equals to 4/8. According to Table 4 and Table 5, we can find that the number of CCEs for small system bandwidth or large system bandwidth with small CFI is normally smaller than 16. It seems the ambiguous issue is quite severe when AL = 4 or 8. 

Table 4 The number of CCEs with port 0~3

	BW(MHz)
	CFI=1
	CFI=2
	CFI=3

	20
	22
	44
	77

	15
	16
	32
	57

	10
	11
	22
	38

	5
	5
	10
	18

	3
	3
	6
	11

	1.4
	2
	4
	6(NCP)/5(ECP)


Table 5 The number of CCEs with port 0~1
	BW(MHz)
	CFI=1
	CFI=2
	CFI=3

	20
	22
	55
	88

	15
	16
	41
	66

	10
	11
	27
	43

	5
	5
	13
	21

	3
	3
	8
	13

	1.4
	3
	5
	7(NCP)/6(ECP)


Observation 1: UE would be ambiguous on which processing time should be used when USS and CSS are overlapped and AL = 4 or 8.

In the following, we give a further discussion on how to avoid the ambiguity causing by the overlap of USS and CSS. 

Case 1: Partial overlap of USS and CSS

In case the number of CCEs are greater than 16, only part of candidates of AL = 4/8 in USS may be overlapped with CSS. One way is to define the overlapped candidates is used for processing time n+4, while the other candidates can be used for processing time n+3 because the used CCE index of these candidates are larger than 15. Thus, fallback operation can be supported in this case.

Case 2: Full overlap of USS and CSS

One simple way to avoid such ambiguity when USS and CSS are full overlapped is to predefine only one processing time between eNB and UE for AL = 4/8. For example, only processing time n+3 can be used for AL = 4/8, i.e., fallback can not be supported in this case. Or, only processing time n+4 can be used for AL = 4/8, while leading to strong scheduling restriction. That is only AL = 1/2 can be used when a UE is configured with n+3 timing and no need for fallback.
In order to allow some scheduling flexibility when a UE is configured with processing time n+3, partial candidates of AL = 4/8 can be reserved for fallback to processing time n+4 while the other partial candidates of AL = 4/8 are used for processing time n+3. Then fallback can be supported for all AL = 1/2/4/8.

Proposal 3: To avoid the ambiguity causing by the overlap of USS and CSS, 
· For partial overlap of USS and CSS, define the overlapped candidates is used for processing time n+4. 

· For full overlap of USS and CSS, partial candidates of AL = 4/8 are reserved for processing time n+4. 
5 Conclusion

According to the above analysis, we propose:
Observation 1: UE would be ambiguous on which processing time should be used when USS and CSS are overlapped and AL = 4 or 8.

Proposal 1: In case of FS2 to solve PUCCH collisions between n+3 and n+4 UEs, 

· Configure an additional UE-specific starting offset for those DL subframes, of which its HARQ-ACKs with different timings correspond to a same UL subframe.

Proposal 2: For FS2, 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.
Proposal 3: To avoid the ambiguity causing by the overlap of USS and CSS, 

· For partial overlap of USS and CSS, define the overlapped candidates is used for processing time n+4. 

· For full overlap of USS and CSS, partial candidates of AL = 4/8 are reserved for processing time n+4. 
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