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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]. In RAN1 #86b, RAN1 discussed whether to support reduced processing timing of n+2 although no consensus was made. 
Also, RAN1 #86 made a working assumption 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 
In LTE, the PUCCH format 1a/1b resource for HARQ-ACK feedback is implicitly determined based on the lowest CCE index used to construct the PDCCH for a given PDSCH. If the existing implicit PUCCH resource mapping is applied, a UE with legacy processing time and a UE with reduced processing time may report HARQ-ACK in the same PUCCH resource of the same subframe, as shown in Figure 1. Thus, some methods should be defined to avoid PUCCH resource collision. 


Figure 1. Potential PUCCH collision issue between UEs with different processing times
As a straightforward method, allocating separate PUCCH resources for legacy timing and reduced processing timing can solve the issue. But, it introduces more PUCCH resource overhead. Alternatively, reusing methods for similar issues can be considered. For example, adding ARO bits in the DCI format to indicate the PUCCH resource similar to EPDCCH scheduling. 
Proposal 1: Reuse ARO as in EPDCCH scheduling for PDSCH with shorten processing time to avoid PUCCH resource collision of different UEs.
HARQ-ACK collision within a cell for a UE
Secondly, if dynamic fallback to legacy timing is supported, e.g. through CSS scheduling or explicit timing indication, a UE may perform legacy and reduced processing times concurrently. Thus, 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. 


Figure 2. HARQ-ACK of subframes with different processing times in a UE
How to handle HARQ-ACK bits of multiple subframes in a single report should be further studied. There are multiple ways to solve the problem. 
Method 1: RAN1 may leave it as a scheduling or an implementation issue. 
The eNB could avoid the problem by some scheduling constraints. From the UE’s perspective, a UE should not expect to receive a scheduling DCI in certain subframes. However, the UE behaviour under the unexpected cases may not be specified.
Method 2: RAN1 specifies the UE behaviour in case of HARQ-ACK collision from a single cell 
Although reporting HARQ-ACK of multiple TTIs of a single cell is not currently supported for FDD LTE, it is a common case in TDD LTE. RAN1 has different approaches to define the UE behaviour:
Approach 1: To simplify the behaviour, UE only reports HARQ-ACK for one of the PDSCH transmissions. For example, the UE reports only the HARQ-ACK of PDSCH with reduced processing timing and ignore the PDSCH with legacy timing.
Approach 2: To maximize the HARQ-ACK feedback efficiency, UE performs HARQ-ACK aggregation and/or bundling, and reports HARQ-ACK bits of all PDSCHs in a single PUCCH or PUSCH reporting. For example, the HARQ-ACK of the PDSCHs can be spatial bundled and concatenated, then be reported on the mapped PUCCH resource of the PDSCH with reduced processing time. The TDD LTE methods may be used as a reference for HARQ-ACK bundling and multiplexing design.
To avoid ambiguity, it is better to specify UE behaviour for the HARQ-ACK reporting collision case. 
Proposal 2: RAN1 should specify the UE behaviour for HARQ-ACK reporting of multiple subframes with different processing times in a serving cell.
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 of different UEs.
Proposal 2: RAN1 should specify the UE behaviour for HARQ-ACK reporting of multiple subframes with different processing times in a serving cell.
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