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1 Introduction

The following agreements 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


Considering that the case of collision for the same UE between different processing times can be considered not to be a frequency event, the above solutions were adopted.

It is still to be decided on how to handle collisions between different UEs in terms of HARQ feedback.
2 Discussion

2.1 PUCCH format 1a/1b collisions for 1ms TTI
UCI on PUCCH is transmitted by using a certain PUCCH format. In 3GPP LTE Release 13, a large set of reporting modes and formats are defined. The aim here is trying to further analyse how the basic operation of shortened processing time has an impact on the PUCCH when utilising the existing formats. 

In FDD, when the minimum DL HARQ timing of a UE, UE1, is reduced to n+3, UE1 shall feedback HARQ-ACK in SF n+3 if it detects a PDCCH transmission in SF n. If there is another UE, UE2, with legacy DL HARQ timing of n+4 that detects a PDCCH transmission in SF n-1, this UE shall also transmit HARQ-ACK in SF n+3. If the same number of the first CCE index is used to construct these two PDCCH transmitted on SF n and SF n+1, then, there will be a PUCCH format 1a/1b resource collision for UE1 and UE2, if the legacy rules are used for determining the PUCCH resource index for the reduced HARQ-timing UE, i.e. UE1.

In TDD system, DL HARQ timing depends on both the minimum processing time and the DL/UL configurations. However, if the HARQ-ACK feedbacks associated to two different DL transmissions with different HARQ timings are transmitted on the same UL SF, and if these DL transmissions are scheduled by PDCCH, the PUCCH format 1a/1b resource collisions can happen.

Observation 1 PUCCH format 1a/1b collisions may occur between different UEs when switching between legacy n+4 and reduced processing operation for 1ms TTI
2.2 Solutions for handling PUCCH collisions

Different methods can be used to avoid the PUCCH resource collisions issue mentioned in Section 2.1. 

An obvious way to handle the problem is for the network to avoid scheduling a UE with N+3 timing using the same first CCE index as used for another UE in previous subframe with N+4 timing. Using this method introduces some scheduling restrictions for the network, but does not imply that UEs cannot be scheduled. That is, if a CCE index is marked by the scheduler as restricted for UEs supporting N+3 timing, another CCE need simply to be used. Alternative solutions have been proposed where Acknowledgement Resource Offset, Acknowledgement Resource Index and/or UE-specific starting offset in the resource allocation index is used, see [2] [3] [4]. These solutions also imply a scheduling aware decision to avoid collisions (choosing the right ARO, ARI in case of collision event). It has also been proposed to assign the PUCCH resources for N+4 and N+3 on separate resources. Although this would guarantee collision avoidance, it also segregates the resources used by PUCCH into two separate pools, resulting in less resource efficiency.
In case of CA, PUCCH format 3 or format 4/5 need to be used in case of both N+3 and N+4 timing. Mainly format 3 would be the preferred option if we are not targeting a large set of carriers to start with. However, the design should be easily extendable to format 4/5 as well. A simple solution would be to also use PUCCH format 3 in case of non-CA allocation to avoid the collision problem. The theoretical multiplexing rate with PUCCH format 3 is not as high as with PUCCH format 1, but the practical multiplexing should be relatively close, in the same SINR operating region comparing the same payload format.
As an option, also current PUCCH format 1 operation can be supported, in which case the scheduling restrictions above need to be considered by the network. Fulfilling these restrictions is not a problem at low load, in which case the current PUCCH format 1 is a valid option. If many UEs with different processing times are active in the cell, using PUCCH format 3 is a preferred option. The PUCCH format to use can be configured by RRC.
Proposal 1 The PUCCH format used for reporting HARQ-ACK feedback for scheduling with reduced processing time for single carrier operation is configured over RRC and chosen between PUCCH format 1 and 3
Proposal 2 PUCCH format 3/4/5 is used for reporting HARQ-ACK feedback for scheduling with reduced processing time for multiple carrier operation
3 Conclusion

In section 2 we made the following observations:
Observation 1
PUCCH format 1a/1b collisions may occur between different UEs when switching between legacy n+4 and reduced processing operation for 1ms TTI


Based on the discussion in section 2 we propose the following:
Proposal 1
The PUCCH format used for reporting HARQ-ACK feedback for scheduling with reduced processing time for single carrier operation is configured over RRC and chosen between PUCCH format 1 and 3
Proposal 2
PUCCH format 3/4/5 is used for reporting HARQ-ACK feedback for scheduling with reduced processing time for multiple carrier operation
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