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1. Introduction
In the last meeting, the following agreements [1] are achieved:
· 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 with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Details FFS

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.
· Reduced processing time(s) are RRC configured for the UE

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation
There are some remaining issues such as whether to support minimum timing of n+2 TTI, PUCCH resource allocation. This contribution provides our considerations about these issues.
2. Discussion
2.1. Minimum timing of n+2 TTI
For minimum timing of n+2 TTI, the more rigorous TA restriction may be defined. But in some scenarios such as small cell or in the center of large cell, TA restriction can be satisfied.

Besides, different UEs and the eNBs have different processing capabilities. Some UEs have the fastest processing capability to support minimum timing of n+2 TTI and some UEs have middle processing capability to support minimum timing of n+3 TTI. If only minimum timing of n+3 TTI is introduced in the specification, not only the network cannot make best use of some UE processing capability, but future service needs with lower latency cannot be satisfied.
Proposal 1: Support minimum timing of n+2 TTI to accommodate different UE capability and lower latency requirement.
2.2. DL HARQ feedback

PUCCH resource collision has been identified by some contributions [2][3][4] when some UEs are configured with minimum timing of n+3 TTI. In order to avoid PUCCH resource collision, other PUCCH resources not used by legacy UE need to be allocated. There are different alternatives to allocate PUCCH resource for the scheduled UE with short processing time:
· Alternative 1: Assign different boundary index for the UE scheduled with short processing time. For example, the eNB can assign 
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 for this UE. And the UE utilizes the implicit mechanism to derive PUCCH resource from 
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. As we know, when UE is scheduled by EPDCCH, one boundary [image: image3.wmf](e1)
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is used to derive PUCCH resource for HARQ feedback [5]. Here independent boundary index for short processing time needs to be introduced.
· Alternative 2: Introduce one additional offset to determine PUCCH resource for the scheduled UE with short processing time. The UE derives PUCCH resource from 
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. This offset can be indicated through DCI to meet dynamic scheduling requirement.
· Alternative 3: Similar to the feedback in SPS, the eNB assigns the detailed PUCCH resource in RRC for the UE. Once the UE is scheduled with short processing time, the UE uses the assigned PUCCH resource directly.
The alternative 3 is explicit and static solution, while the realistic scheduling is dynamic. This solution may cause PUCCH resource allocation to operate less efficiently. Both alternative 1 and alternative 2 are implicit and dynamic solutions, which can accommodate the eNB dynamic scheduling without DCI impact. Of course, alternative 1 and alternative 2 can be applied simultaneously.
Proposal 2: For DL HARQ feedback, implicit solution is introduced for PUCCH resource mapping. 
2.3. CA scenario

In carrier aggregation, if different CCs are allowed to be configured with different processing time for one UE, CSI report and HARQ feedback of different CCs would apply different processing time. According to the current specification [5], for aperiodic CSI report, the reference resource to derive CSI is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format. If this mechanism is reused for both aperiodic CSI report and periodic CSI report, for the serving cell with shortened processing time, the UE needs to feedback CSI with low latency. For other serving cell without shortened processing time, the UE needs to feedback CSI normally. In one subframe, if there is CSI feedback collision between legacy CSI and low latency CSI, how to deal with this needs to be specified.
For DL HARQ feedback, the UE needs to take PDSCH transmissions in different subframes into account. For example, if a UE can be configured with n+4 on the PCell and n+3 over a subset of SCells, and the UE receives PDSCH on PCell in subframe n and receives PDSCH on SCell in subframe n+1, this UE needs to solve how to feedback in subframe n+4. 
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Fig.1 Different processing time in CA
From the above considerations, to simplify CSI report and HARQ feedback, it is better to restrict the same processing time within one PUCCH group.

Proposal 3: In CA, the serving cells within one PUCCH group apply the same processing time for UE.
3. Conclusion
In this contribution we analyze the shortened processing time impact, and make the following proposals:
Proposal 1: Support minimum timing of n+2 TTI to accommodate different UE capability and lower latency requirement.
Proposal 2: For DL HARQ feedback, implicit solution is introduced for PUCCH resource mapping. Proposal 3: In CA, the serving cells within one PUCCH group apply the same processing time for UE.
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