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Background
In RAN1 #86, the reduced processing timing of n+3 is agreed for UEs capable of operating with reduced processing time if the maximum TA is smaller than 0.33 ms [1]. Furthermore, a working assumption was made to support dynamic fallback to legacy processing timings, i.e. minimum of n+4. 
If a serving cell supports both legacy and reduced processing times, there are some coexistence issues. In this contribution, we analyse potential impacts of processing time reduction on PDSCH HARQ-ACK reporting from the UE’s perspective. 
HARQ-ACK collision between different UEs 
First, a UE with legacy processing time and a UE with reduced processing time may report HARQ-ACK in the same UL subframe with the same PUCCH resource if the existing implicit PUCCH resource mapping is applied, as shown in Figure 1. Thus, some methods should be defined to avoid PUCCH resource collision. 
Separate PUCCH resources for legacy time and reduced processing time may be an option with the drawback of PUCCH resource overhead. Alternatively, a similar method as in EPDCCH scheduling can be reused, i.e. adding ARO bits in the DCI format to indicate the PUCCH resource. 
Proposal 1: Reuse ARO as in EPDCCH scheduling for PDSCH with shorten processing time to avoid PUCCH resource collision.
HARQ-ACK collision within the same UE
Secondly, if dynamic fallback to legacy timing is supported, e.g. for CSS scheduling, a UE may perform legacy and reduced processing times concurrently, a HARQ-ACK feedback of a PDSCH with legacy timing may collide with a HARQ-ACK of a PDSCH transmission with reduced processing timing. 
For example in Figure 2, if a UE detects a PDSCH scheduled in CSS in subframe n-4, the HARQ-ACK of this subframe should be reported in subframe n on an implicitly mapped PUCCH resource. If the UE is configured with shortened processing time of n-3, and it also detects a PDSCH scheduled in USS in subframe n-3, the HARQ-ACK of the given subframe should also be reported in subframe n probably on a different implicitly mapped PUCCH resource. 
How to handle HARQ-ACK bits of multiple subframes in a single report should be further studied. For example, if HARQ-ACK of only one subframe is reported, which one should be selected? If the HARQ-ACK bits of both subframes are reported, which PUCCH resource should be used and how to aggregate the HARQ-ACK bits into a single PUCCH report?
Proposal 2: RAN1 should study potential HARQ-ACK reporting in a subframe for multiple subframes with different processing times from a single UE.


Figure 1. Potential PUCCH collision issue between UEs with different processing times


Figure 2. HARQ-ACK of subframes with different processing times in a UE
Conclusion
In this contribution, we discuss potential HARQ-ACK reporting issues for coexistence of legacy and reduced processing timings. And we propose
Proposal 1: Reuse ARO as in EPDCCH scheduling for PDSCH with shorten processing time to avoid PUCCH resource collision.
Proposal 2: RAN1 should study potential HARQ-ACK reporting in a subframe for multiple subframes with different processing times from a single UE.
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