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Discussion and Decision
1. Introduction
The WI on Latency reduction techniques for LTE has been approved [1], where one of the objectives is to enabled reduced minimum timing/processing time for 1ms TTI.  
At RAN1#87 [2] the support of dynamic fallback to legacy processing time has been agreed, with the collision handling of n+3 and n+4 being for further study: 

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
At RAN1#88 [3], plenty of progress was achieved in terms of intra-user PDSCH, PDSCH HARQ-Ack and PUSCH collision handling based on the following agreements:

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:
 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.
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 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. 

Therefore, the only remaining question for FS1 is how to avoid colliding PUCCH transmissions of UEs with different processing times, which is the focus of this contribution. FS2 specific aspects are discussed in [ref our FS2 paper].
2. Inter-user PUCCH collision avoidance 
In the legacy system, implicit PUCCH resource allocation is utilized for carrying HARQ-ACK for PDSCH with PDCCH based PCell-only scheduling (PUCCH format 1a/b), as well as in case of carrier aggregation when Format 1b with channel selection is applied. With PUCCH formats 3/4/5 with PDCCH-based PDSCH scheduling, as well as when PDSCH is scheduled with EPDCCH for all PUCCH formats, (at least partially) explicit resource allocation is applied, and there are no specific changes required to the principles of resource allocation. 

Observation: No changes are required to PUCCH resource allocation with PUCCH format 3/4/5, or for the cases when PDSCH is scheduled using EPDCCH.
For PDCCH-based PDSCH scheduling with PUCCH Format 1a/b and Format 1b with channel selection, the PUCCH resource depends on the lowest-indexed CCE of the DCI assigning the PDSCH. Similar implicit CCE to PUCCH resource mapping could be used also with reduced processing time. However, it should be taken care of that a PUCCH resource corresponding to PDSCH with n+4 processing time does not collide with a PUCCH resource of another UE that has been assigned a PDSCH with n+3 processing time. 
In principle, the eNodeB could avoid any collisions by ensuring that the same CCE is not used when scheduling UEs with n+3 or n+4 timing in consecutive subframes. However, this may not always be desired, since it may increase scheduling complexity. Therefore, a way of ensuring non-overlapping PUCCH format 1a/b resources for UEs having different processing times seems well motivated.          
The simplest way to allow for the eNB to arrange a non-colliding set of PUCCH resources for users with n+3 and n+4 timing is to define a separate RRC parameter for n+3 case, replacing 
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 in the PUCCH resource allocation formulas. We also note that in case of FS2, this may not even be needed, since appropriate design of Downlink association set indexing tables can already avoid most of the collisions, while minimizing the associated UL overhead.
Proposal: For FS1, a separate RRC parameter replacing 
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 in the PUCCH resource allocation formulas for PUCCH format 1a/b and Format 1b with channel selection is introduced.                                                                                                                                                                                                                                                                                                                                                                                                                      
3. Summary
In this contribution, we discuss the remaining aspect of collision handling of n+3 and n+4 processing time for 1ms TTI, namely the inter-user PUCCH collision.

Based on the discussion in this contribution, we have the following observation and proposal:
Observation: No changes are required to PUCCH resource allocation with PUCCH format 3/4/5, or for the cases when PDSCH is scheduled using EPDCCH.
Proposal: For FS1, a separate RRC parameter replacing 
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 in the PUCCH resource allocation formulas for PUCCH format 1a/b and Format 1b with channel selection is introduced.
References

[1] RP-161922, Revised Work Item on shortened TTI and processing time for LTE, Ericsson
[2] R1-1701552, Final Report of 3GPP TSG RAN1 #87 v1.0.0, ETSI
[3] RAN1#88, Chairman’s notes
2

_1551253229.unknown

