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1 Introduction

The following agreements, among others, have been made regarding reduced processing time and 1 ms TTI operation:
	For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time

For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4

	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.

	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

	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 receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe

	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

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

· RRC configured UE-specific starting offset 

	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

	Down-select between alt 1 and alt 2:

· Alt 1: Shortened processing time for 1 ms TTI is configured per CC. The cell carrying the PUCCH should be configured with n+3 timing
· Alt 2: Shortened processing time for 1 ms TTI is configured per PUCCH group


A few collision cases, in particular for FS2, still need to be decided upon. They are discussed in this contribution. This is a revision of R1-1712886.
2 Discussion
2.1 PUCCH collision between n+3 and n+4 UEs
In RAN1#88bis, it was agreed to solve PUCCH collisions between n+3 and n+4 users based on a RRC configured UE-specific starting offset for FS1. 
To solve PUCCH collisions between n+3 and n+4 users for FS2,  a solution based on a RRC configured UE-specific starting offset as agreed for FS1 could be used for FS2 as well. An alternative is to use a eIMTA-like solution as described in [3]. Although attractive, this method does not guarantee collision avoidance. There is thus no clear advantage in choosing a different solution than the one selected for FS1.
Proposal 1 To solve PUCCH collisions between n+3 and n+4 UEs in case of FS2, a RRC configured UE-specific starting offset is used with the same value range as current offset.
2.2 TPC collision handling

Transmit power command (TPC) collision cases were mentioned in [2]. In case of two transmit power commands targeting the same UL subframe a behaviour should be specified. Today a UE can receive multiple TPC commands in the same DL subframe one from DCI 3/3A and the other from DCI 0/4. In this case the UE behaves as follows (3GPP TS 36.213): 

· For a non-BL/CE UE, if DCI format 0/4 for serving cell and DCI format 3/3A are both detected in the same subframe, then the UE shall use the TPC provided in DCI format 0/4.
It is proposed to adopt the same rule for multiple TPC commands targeting the same subframe.
Proposal 2 The rule specified in TS 36.213 (prioritize DCI format 0/4 over format 3/3A) applies to solve transmit power command collisions of different processing time
2.3 PUCCH and PUSCH collision handling

A UE configured with n+3 timing on a carrier may receive an UL grant on CSS (n+4 timing) in subframe n and a DL assignment on USS (n+3 timing) in subframe n+1. This situation leads to a collision of PUCCH (n+3 timing) and PUSCH (n+4 timing) in subframe n+4. This case is rare since occuring only due to the fallback. To be consistent with the already made agreement that the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe, this case should be solved in a similar manner.
Proposal 3 For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive a DL assignment and an UL grant for the same carrier where HARQ-ACK transmission and UL data transmission would occur in the same subframe
2.4 Collision in case of carrier aggregation

In case of carrier aggregation scenario, the same collision cases between scheduling decisions received on USS with n+3 timing and scheduling decisions received on CSS with n+4 timing may occur for a UE configured with shortened processing time due to dynamic fallback to n+4. Since CSS is only monitored on the primary cell by a UE, all carriers except the primary component carrier have a fixed RRC configured processing time (either n+3 or the default n + 4). 
Observation 1 Collision cases in case of carrier aggregation only occur on the primary cell due to the fallback to n+4 timing.
In multi-carrier case HARQ ACK collisions can happen on Pcell between a n+3 transmission scheduled on USS and a n+4 transmission scheduled on CSS for the same carrier. With carrier aggregation PUCCH format with high payload can be used meaning that the HARQ feedback for the n+3 and n+4 transmissions on different DL subframes and the same carrier can be multiplexed. This situation is expected to be rare and the agreements made in RAN1 state that the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe. 

Observation 2 Collision cases in case of carrier aggregation can be solved by the agreements made for singe carrier case.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Collision cases in case of carrier aggregation only occur on the primary cell due to the fallback to n+4 timing.
Observation 2
Collision cases in case of carrier aggregation can be solved by the agreements made for singe carrier case.


Based on the discussion in section 2 we propose the following:
Proposal 1
To solve PUCCH collisions between n+3 and n+4 UEs in case of FS2, a RRC configured UE-specific starting offset is used with the same value range as current offset.
Proposal 2
The rule specified in TS 36.213 (prioritize DCI format 0/4 over format 3/3A) applies to solve transmit power command collisions of different processing time
Proposal 3
For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive a DL assignment and an UL grant for the same carrier where HARQ-ACK transmission and UL data transmission would occur in the same subframe
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