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1 Introduction


Since the new work item for shortened TTI and processing time for LTE was approved in RAN#72 [1], processing time reduction for 1ms TTI has been discussed. One of the results is to support n+3 timing instead of n+4 timing for DL HARQ-ACK feedback and UL data transmission. The objectives for processing time reduction with 1ms TTI are as below.

	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]



This contribution considers how to handle collisions between n+4 timing as legacy LTE and n+3 timing for processing time reduction UEs. 
2 Discussions 

Since dynamic fall-back to normal timing, i.e., n+4 timing, is introduced, when n+3 timing operation is RRC configured, there should be collision issues due to the fall-back mode operation. For example, the eNB schedules something in subframe n with n+4 timing (fall-back) and schedules another in subframe n+1 with n+3 timing. Then, UE needs to transmit two of HARQ-ACK or PUSCH in subframe n+4. 
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Figure 1: Handling of collision case

Regarding collision between n+4 and n+3 timing, there are 4 cases as below.
· Collision between DL transmissions for same UE

· Collision between DL transmissions for different UEs

· Collision between UL transmissions for same UE

· Collision between UL transmissions for different UEs

In following, each case is discussed.

1) Collision between DL transmissions for same UE


Suppose that a UE configured for n+3 timing receives PDSCH in subframe n with n+4 timing and also receives PDSCH in subframe n+1 with n+3 timing. For both PDSCH’s, the UE needs to send two corresponding HARQ-ACK in subframe n+4. In this case, the options that UE can do are as below.
· Option 1. Send HARQ-ACK only for PDSCH received in subframe n (prioritize n+4 timing)

· Option 2. Send HARQ-ACK only for PDSCH received in subframe n+1 (prioritize n+3 timing)

· Option 3. Send HARQ-ACK for PDSCH’s received in both subframe n and subframe n+1 by multiplexing

· Option 4. Send HARQ-ACK for PDSCH’s received in both subframe n and subframe n+1 by bundling

It seems reasonable that Option 2 is preferred than Option 1 since PDSCH received in subframe n+1 is the recent one. For Option 3 and Option 4, there is an issue when UE misses one of the DCI’s in subframe n and n+1. Also, when CA scenario is considered, multiplexing will make too much bits. Therefore, Option 2 is preferred.
2) Collision between DL transmissions for different UEs


Suppose that UE A receives PDSCH in subframe n with n+4 timing while UE B receives PDSCH in subframe n+1 with n+3 timing. In this case, the PUCCH resource in subframe n+4 can be duplicated for UE A and UE B. However, since each UE does not know other UE’s scheduling information, nothing can be done by each UE to resolve the collision. Therefore, the eNB has to resolve this kind of collision by scheduling.
3) Collision between UL transmissions for same UE


Suppose that a UE configured for n+3 timing receives UL grant in subframe n with n+4 timing and also receives UL grant in subframe n+1 with n+3 timing. Then, this UE needs to transmit two PUSCH in subframe n+4. In this case, the options that UE can do are as below.

· Option 1. Send PUSCH only for UL grant received in subframe n (prioritize n+4 timing)

· Option 2. Send PUSCH only for UL grant received in subframe n+1 (prioritize n+3 timing)

· Option 3. Send PUSCH by some rules (e.g. resource allocation duplication)

Similar to DL case, it seems reasonable that Option 2 is preferred than Option 1 since UL grant received in subframe n+1 is the recent one. For Option 3, there is an issue when UE misses one of the UL grants in subframe n and n+1. Also, the rule to make Option 3 possible will be complicated. Therefore, Option 2 is preferred.
4) Collision between UL transmissions for different UEs


Suppose that UE A receives UL grant in subframe n with n+4 timing while UE B receives UL grant in subframe n+1 with n+3 timing. Similar to DL case, there is nothing each UE can do for collision handling. Therefore, the eNB has to resolve this kind of collision by scheduling.
3 Conclusions
In this contribution, the collision handing issues are discussed. It can be summarized as below. 
Proposal 1: When a UE receives PDSCH in subframe n with n+4 timing and also receives PDSCH in subframe n+1 with n+3 timing, the UE sends HARQ-ACK only for PDSCH received in subframe n+1.
Proposal 2: When a UE receives UL grant in subframe n with n+4 timing and also receives UL grant in subframe n+1 with n+3 timing, the UE sends PUSCH only for UL grant received in subframe n+1.
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