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1 Introduction
In RAN1 #88 meeting, the following agreements for 1ms TTI with shortened processing time were made in [1]:
Agreement:

· 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.
In RAN1 #88bis meeting, the following agreements for 1ms TTI with shortened processing time were made in [2]:
Agreement:

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
This contribution discusses the remaining issues of handling collisions between n+3 timing transmission and n+4 timing transmission for the different UEs and for the same UE.
2 Remaining issues of handling collisions for different UEs
In [3], 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
	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, 6,11
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-
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 for TDD with n+4
	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 [3], 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.

To solve the PUCCH resource collision, the following two options can be considered:

· For implementation-based solution. As shown in Figure-1, the eNB should guarantee that the CCE indices of PDCCH transmitted in subframe #9 for n+4 UE and subframe #4 for n+3 UE are different. Another implementation-based solution is that the UE with 1ms TTI latency reduction is configured with EPDCCH. By proper setting of ARO in EPDCCH, PUCCH resource collision can be avoided. 

· For specification based solution, a new PUCCH resource offset can be introduced for HARQ process in latency reduction operation. Because the PUCCH resource pools are not shared between legacy operation and latency reduction operation, there may be additional PUCCH overhead. This solution was already agreed for FS1, but whether it can also be adopted for FS2 should be considered more carefully. The PUCCH resource overhead in an UL subframe of TDD is much higher than that of FDD. If UE-specific starting offset is configured for n+3 and n+4 UEs for TDD, the resource overhead will be too large and over-dimensioned since double resources are reserved for the common subframes. From the PUCCH resource overhead point of view, UE-specific starting offset for n+3 and n+4 UEs seems not a good solution for collision handling. Another solution is that the PUCCH resource mapping for legacy and low latency UE can be done jointly in a similar way as in eIMTA. The PUCCH resource for n+4 and n+3 UE may be partially overlapped (for the common subframes). In order to avoid resource collision, the DL association set for n+4 should be placed first, and then followed by the association set of n+3. The common numbers in both DL association sets should occur only once. The resulting timing table is shown in Table-3. The numbers with black are only for n+4 UEs while the number with blue are only for n+3 UEs. And the number highlighted with green are for both n+3 and n+4 UEs. Note that the numbers with black should be excluded for n+3 UEs when determining the codebook size of HARQ-ACK. 
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 for TDD with n+3
	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
	-


3 
Remaining issues of handling collisions for the same UE
· Clarification on DL assignment and UL grant with different processing timings in the same subframe for a given carrier. 
It has been agreed in RAN1 #88 meeting that 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. And the same case for more than one valid UL grants was also agreed.
· 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

If a DL assignment (e.g. n+3) and a UL grant (e.g. n+4) with different processing times are received by the UE in the same subframe, the UE will handle PDSCH and PUSCH with different processing time. Then the unequal timings between scheduling delay and feedback delay will complicate the UE procedure, especially when the UCI is transmitted in PUSCH. And the motivation to support such operation is unclear. Therefore, it is preferred not to support such scheduling.

Proposal 1: For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive a DL assignment for scheduling unicast PDSCH and a UL grant with different processing timings (e.g., n+3 and n+4) in a subframe for a given carrier.
· FS2 case

For FS1, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe. But for FS2, HARQ-ACK would occur in the same subframe for DL assignments due to its structure. When considering dynamic fallback, the solution for FS2 could be more complicated than in FDD. If the DL HARQ timing designs for TDD as proposed in [3] are agreed, 
· For UL/DL configuration 1~5, there are some subframes which share the same PDSCH-to-ACK timing for both the (n+3) minimum processing timing and (n+4) minimum processing timing. For example, the subframes #1 and #6 in UL/DL configuration #1 have the same HARQ timing for both (n+3) and (n+4) minimum processing timing. In this case, if fallback operation only occurs in these subframes, the HARQ-ACK codebook size will be fixed, no ambiguity occurs. 

·  For UL/DL configuration 0 and 6, there is at most one DL subframe corresponding to one uplink subframe. This is similar to FDD. For these two UL/DL configurations, similar solution as agreed for FDD can be reused. That is, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe.
Proposal 3: For FS2, 

· For UL/DL configuration 1-5, fallback operation can only occur in subframes which have same HARQ timing for both n+3 and n+4 minimum processing time. 

· The HARQ-ACK codebook size is determined by the n+3 timeline if configured with n+3 minimum processing time.

· For UL/DL configuration 0 and 6, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe.
4 Conclusion

According to the above analysis, we propose:
Proposal 1: For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive a DL assignment for scheduling unicast PDSCH and a UL grant with different processing timeings (e.g., n+3 and n+4) in a subframe for a given carrier.
Proposal 2: For FS2,

·  For UL/DL configuration 1-5, fallback operation can only occur in subframes which have same HARQ timing for both n+3 and n+4 minimum processing time. 

· The HARQ-ACK codebook size is determined by the n+3 timeline if configured with n+3 minimum processing time.

· For UL/DL configuration 0 and 6, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe.
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