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Discussion and decision
1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. The updated WID was approved in RAN#73 [2], but the part of 1ms TTI is the same as the previous one. 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 the remaining issues on how to handle collisions between n+4 timing as legacy LTE and n+3 timing for processing time reduced UEs.
2 Discussions 
In RAN1#89
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, the following agreements were made in RAN1#88, RAN1#88bis, and RAN1#89.

	Handling of collision between PDSCH’s with n+3 and n+4 timings

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
Agreement:
· 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

Handling of collision between PUSCH’s with n+3 and n+4 timings

Agreement:
Adopt the following behaviour for handling the collision of conflicting UL grants with n+3 and n+4 timing 

· 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.

Handling of collision between DL assignment with n+3 and n+4 timings

Agreement:
· 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. 

Handling of collision between UL grant with n+3 and n+4 timings

Agreement:
· 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

Agreement:
· 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

Handling of PUCCH collision between different UEs

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

· RRC configured UE-specific starting offset 

Handling of collision between PHICH and UL grant for different timings

Agreement:
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



According to the above agreements, collision issues in DL and UL assignments/transmissions will be handled by the eNB and UE implementation. Then, the remaining issues regarding the collision due to fallback mode can be listed up as follows.

Issue 1. When the UE receives DL assignment and UL grant where its HARQ-ACK and its PUSCH transmission would occur in the same subframe.


In RAN1#89, RAN1 agreed that for 1ms TTI, shortened processing times between UL grant and UL data and between DL data and DL HARQ feedback for one carrier are jointly configured. Therefore, this issue can happen when DL transmission occurs with fallback mode in subframe n and UL grant is transmitted with n+3 timing in subframe n+1, or vice versa. The following alternatives can be considered to resolve this collision. 

· Alt 1. The UE is not expected to receive DL assignment and UL grant where its HARQ-ACK and its PUSCH transmission would occur in the same subframe

· Alt 2-1. The UE sends either HARQ-ACK or PUSCH.

· Alt 2-2. The UE sends both HARQ-ACK and PUSCH by piggybacking UCI on PUSCH.

· Alt 3. The UE sends one corresponding to the latest received DCI. 

Fallback mode will not be used very often. So, similar to the agreements for other collisions, this collision can be left up to the eNB and UE implementation for simplicity. 

Proposal 1: For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive DL assignment and UL grant where its HARQ-ACK and its PUSCH transmission would occur in the same subframe.

Issue 2. UL power control issue: collision between DCI format 3/3A and DCI format 0/4 or DCI format 1/1A/2/ …


In legacy LTE, if DCI format 3/3A and DCI format 0/4 are received in the same subframe, the UE uses TPC in DCI format 0/4 instead of that in DCI format 3/3A. This is for a collision when the UE receives multiple TPC for a PUSCH transmission. A similar thing can happen between n+3 and n+4 timing scheduling with TPC. Figure 2 illustrates the above TPC collision when DCI format 3/3A follows n+4 timing for the UE configured with n+3 timing like fallback mode operation. 
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Figure 2: Collision of TPC between n+3 and n+4 timing
With the example in Figure 2, the following alternatives can be considered for TPC collision. 

· Alt 1. Only use TPC of DCI format 3/3A in subframe n

· Alt 2. Only use TPC of DCI format 0C/4C in subframe n+1

· Alt 3. (accumulation mode only) Use both TCP of DCI format 3/3A in subframe n and TPC of DCI format 0C/4C in subframe n+1

RAN1 needs to discuss which option is proper to handle TPC collision between n+3 and n+4 timing. Similarly, TPC collision to decide the power for PUCCH can happen.

Proposal 2: Consider how to handle TPC collision between n+3 and n+4 timing.
3 Conclusions
In this contribution, the collision handing issues are discussed. It can be summarized as below. 

Proposal 1: For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive DL assignment and UL grant where its HARQ-ACK and its PUSCH transmission would occur in the same subframe.
Proposal 2: Consider how to handle TPC collision between n+3 and n+4 timing.
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