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1. Introduction

In RAN#87, the agreements on several aspects regarding shortened processing time for 1ms TTI were made as follows [1]. 

	Agreement:

· 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 this contribution, we discuss aspects on UE behavior in case of collisions between n+4 and n+3. 
2. Collisions between n+4 and n+3
It was agreed that for 1ms TTI the shortened processing time of n+3 is supported. For a UE configured with shortened processing time, how to handle the following collision cases needs to be addressed, which is depicted in Figure 1.    
· Case 1: DL grant collision: Two valid DL grants for PDSCH with different processing times are detected in a subframe for a given carrier.
· Case 2: UL grant collision: Two valid UL grants for PUSCH with different processing times are detected in a subframe for a given carrier.
· Case 3: DL HARQ collision: Two valid DL grants having different processing time are detected to schedule PDSCHs of which HARQ-ACK is fed back in the same subframe for a given carrier.
· Case 4: UL data collision: Two valid UL grants having different processing time are detected to schedule PUSCHs to be transmitted in the same subframe for a given carrier
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Figure 1. Illustration of collisions between n+4 and n+3
For case 1 and 2, it is questionable on whether a UE can decode two simultaneous DL/UL grants and decode/encode PDSCHs/PUSCHs, which may require even higher UE capability. For instance, UE may need to decode both PDSCH of n+3 timing and PDSCH of n+4 timing in parallel, or UE may skip one of PDSCH decoding due to the lack of processing time. If case 1 and case 2 are supported, then no scheduling gap/restriction may be needed in case of fallback to n+4. However, in our view, since such case where processing time is changed from n+3 to n+4 would happen rarely, the benefit from such operations seems marginal considering specification impact. In this sense, it would be desirable not to support case 1 and case 2. 
For case 3, a UE will require more DL HARQ processes and HARQ mapping needs to be also redefined in order to accommodate more HARQ-ACK feedback. Given that the transition between n+3 and n+4 scheduling timing seems not likely happening frequently, it is preferred to avoid much specification impact. In this case, one reasonable option is for a UE to skip decoding of PDSCH having legacy processing time and to provide HARQ-ACK feedback for PDSCH having shortened processing time. For case 4, analogous to case 3, simultaneous transmission of two PUSCH having different processing times seems unnecessary to be supported. Similarly, one potential option is to allow a UE to transmit PUSCH scheduled by the latest UL grant DCI. 
Proposal 1: A UE is not expected to receive two valid DL grants for PDSCHs having different processing times in a subframe for a given carrier. 
Proposal 2: A UE is not expected to receive two valid UL grants for PUSCHs having different processing times in a subframe for a given carrier. 
Proposal 3: For a given UE, if two valid DL grants having different processing time are detected based on C/SPS-RNTI in (E)PDCCH for PDSCHs of which HARQ-ACK is fed back in the same subframe for a given carrier, the UE drops HARQ-ACK feedback corresponding to legacy processing time and transmit HARQ-ACK feedback corresponding to shortened processing time.
Proposal 4: For a given UE, if two valid UL grants having different processing time are detected based on C/SPS-RNTI in (E)PDCCH for PUSCHs to be transmitted in the same subframe for a given carrier, the UE drops PUSCH with legacy processing time and transmits PUSCH with shortened processing time.
3. Conclusions

In this contribution, we discussed several aspects on collisions between different processing time for 1ms TTI. Based on the above discussions, our proposals are given as follows:

Proposal 1: A UE is not expected to receive two valid DL grants for PDSCHs having different processing times in a subframe for a given carrier. 
Proposal 2: A UE is not expected to receive two valid UL grants for PUSCHs having different processing times in a subframe for a given carrier. 

Proposal 3: For a given UE, if two valid DL grants having different processing time are detected based on C/SPS-RNTI in (E)PDCCH for PDSCHs of which HARQ-ACK is fed back in the same subframe for a given carrier, the UE drops HARQ-ACK feedback corresponding to legacy processing time and transmit HARQ-ACK feedback corresponding to shortened processing time.

Proposal 4: For a given UE, if two valid UL grants having different processing time are detected based on C/SPS-RNTI in (E)PDCCH for PUSCHs to be transmitted in the same subframe for a given carrier, the UE drops PUSCH with legacy processing time and transmits PUSCH with shortened processing time.
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