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1 Introduction
The work item on Short TTI and reduced processing [1] was split into two objectives, one for 1ms TTI and the other for shorten TTI. In the RAN1 #87 meeting, the following was agreed for shortened processing time for 1ms TTI [2]: 

	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 the PUCCH collision issues due to different processing timings for PDSCH transmission for 1ms TTI.  
2. Discussion
2.1  Issue description

Reduction in minimum timing implies that different PUCCH HARQ-ACK timing will be applied by a UE configured with this feature compared to UEs that are not. This creates a collision risk in the PUCCH resource mapping where two DL assignments point to the same PUCCH physical resource.  
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Figure 1: PUCCH resource collision issue for PUCCH format 1a/1b

The PUCCH resource allocation scheme for reduced processing time should maximize the commonality with exisiting solutions. This indicates that implicit resource allocation should be supported similarly as in previous releases. It is noted that when using PUCCH format 3 for HARQ-ACK feedback for reduced processing time with the new HARQ timeline, the existing resource allocation solution can be used as such. For PUCCH format 1a/1b, the collision issue, as depicited in FIG.1, between legacy UEs (i.e., scheduled by PDCCH #1) and UEs enabled with processing time reduction (i.e., scheduled by PDCCH #2),  need to be addressed. 

Proposal 1: Support PUCCH format 1a/1b implicit resource mapping for reduced processing time. 

2.2 Solutions
The most straightforward way is to leave the collision problem to the scheduler. This would put some restriction on how to schedule the UEs with shortened HARQ-ACK feedback delay together with legacy UEs where some CCE combinations cannot be served as initial CCEs. Another effective way is to separate the PUCCH resource region, e.g., by configuring different 
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, which is same as for eIMTA operation. This option guarantees that no limitations occur at the scheduler and, hence, the design is simplified. 

Proposal 2: Allocate new PUCCH resources for PDSCHs with reduced processing time based on a starting PUCCH offset separately configured by higher layer signaling. 
3. Conclusions
In this contribution, we discussed the PUCCH collision issue due to a reduced minimum timing for PDSCH with legacy 1ms TTI. In particular, we propose: 
Proposal 1: Support PUCCH format 1a/1b implicit resource mapping for reduced processing time. 

Proposal 2: Allocate new PUCCH resources for PDSCHs with reduced processing time based on a starting PUCCH offset separately configured by higher layer signaling. 
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