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1 Introduction
In RAN1 #88 meeting, the following agreements and working assumption for 1ms TTI with shortened processing time were made [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.
This contribution discusses the handling of collisions between N+3 timing transmission and N+4 timing transmission for the different UEs and the remaining issues for the same UE.
2 Handling collisions for different UEs
When PUCCH format 1a/1b is configured for HARQ-ACK feedback, including HARQ-ACK multiplexing, HARQ-ACK bundling and PUCCH format 1b with channel selection, PUCCH resource collision may occur, in both FDD and TDD, between the UE in legacy operation and the UE in latency reduction operation, as shown in Figure 1. 
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Figure 1 Example of PUCCH resource collisions between UEs
To solve the issue of PUCCH resource collision between UEs, both implementation-based solution and specification-based solution can be considered. 

· For implementation-based solution, as shown in Figure 1(a), the eNB should guarantee that the CCE indices of PDCCH transmitted in subframe #1 and subframe #4 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. As discussed in [2], ARO can be included in DCI format 1A when used with processing timing n+3, it also provides a flexibility for PDCCH to handle the PUCCH resource collision issue.

· 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.  

Proposal 1: ARO based solution is used to solve the PUCCH resource collision between different UEs with different minimum processing timings.

3 Remaining issues of handling collisions for the same UE
· PUSCH collision caused by PHICH with n+4 timing and UL grant with n+3 timing
When 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, eNB would have ambiguity on the PUSCH received due to the false detection of PHICH if the UE behavior is left up to UE implementation. For example, in case the UE receives a ACK with n+4 timing and UL grant with n+3 timing, the PUSCH scheduled by UL grant with n+3 timing will be sent. However, the ACK received may be a false detection from NACK. Therefore the UE behavior is better to be determined by prioritizing UL grant with n+3 timing because PHICH with n+4 timing scheduling PUSCH can be rescheduling by a later UL grant with n+4 timing. The traffic using legacy n+4 timing is usually not time-sensitive, while UL grant with n+3 timing scheduling PUSCH is time-sensitive traffic.
Proposal 2: 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, the PUSCH scheduled by UL grant with n+3 timing is sent with high priority.
· 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 subfrmaes which have the 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: ARO based solution is used to solve the PUCCH resource collision between different UEs with different minimum processing timing.

Proposal 2: 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, the PUSCH scheduled by UL grant with n+3 timing is sent with high priority.
Proposal 3: For FS2,

·  For UL/DL configuration 1-5, fallback operation can only occur in subfrmaes 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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