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1 Introduction

In RAN1#86 meeting [1], the agreements of processing time reduction for 1ms TTI are as follows. 
Agreement:

· 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.
Agreement:

· Reduced processing time(s) are RRC configured for the UE

· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported

· Details FFS

· Working assumption can be revisited if it is not found to be feasible 

This contribution discusses the remaining issues of minimum processing timing, fallback operation, and PUCCH resource allocation including FS1 and FS2.
2 Discussion on the minimum processing timing
Consider with other features enabled in a network e.g., CA, different UL CCs may have a maximum transmit timing difference of 32.47us in multiple TAG of CA operation. Then, the maximum TA could not be very small. Base on [2], the maximum TA that is reduced to 0.33 ms is enough to support minimum processing timing of n+3 TTI. There is no additional motivation to reduce the maximum TA smaller than 0.33ms. Therefore, we propose:

Proposal 1: For n+3 1ms TTI, the maximum TA should be reduced to 0.33 ms.
Furthermore, the minimum processing timing of n+2 TTI needs to additional restrictions, as TA restriction, the maximum TBS restriction, CC number restriction, etc. Considering the 1ms PDSCH reception time, n+2 requires all the data demodulation, turbo decoding, Ack/Nack packet preparation and TA in 1ms, which is very challenging compared to the current implementation. Besides, in [3], the performance of n+2 am TTI has no impressive benefit, but it needs more specification works about researching corresponding implementation restrictions. Therefore, we propose:
Proposal 2: It should not support the minimum processing timing of n+2 1ms TTI.
3 Discussion on fallback to legacy processing timing n+4
The support of n+3 1ms TTI timing would be a UE capability. In particular, the UEs capable of handling the reduced processing timing may be scheduled by either the reduced timing or the legacy timing. Therefore, it is necessary to notify the UE by semi-static configuration or dynamic indication. 
· Semi-static configuration 
The n+3 1ms TTI or n+4 1ms TTI is configured by higher layer signaling, i.e., MAC or RRC signaling. There might be RRC reconfiguration ambiguity issues. However, there are questions on whether the UE needs to be configured back to n+4 if both the UE and the eNB are capable of n+3.
· Dynamic indication
· Dynamic indication by the DCI
It indicates dynamically through the DCI. The indication method could be explicit or implicit.
(1). One possible way is that different DCI format sizes are designed for n+3 1ms TTI and n+4 1ms TTI. Compared with the legacy operation, the UE requires more numbers of blind decodes to search two DCI format size respectively. Therefore, it may increase the blind decode timing for the UE and not preferred.
(2). The second possible way is that the same DCI format size is designed for n+3 1ms TTI and n+4 1ms TTI, using either 1 bit field or different RNTI scrambling to differentiate the two cases. In contrast to (1), (2) does not increase the blind decode number while it will introduce an additional bit in DCI or another RNTI.
(3). The third possible way is that the same DCI format size is designed for n+3 1ms TTI and n+4 1ms TTI, while the scheduled TBS is difference between the two cases. The method is not possible anymore since n+3 1ms TTI has no TBS limitation.
Furthermore, if the UE has short TTI ability, the DCI above could also indicate the short TTI scheduling.
· Dynamic indication by the search space
The search space position carrying the PDCCH can be used to determine the processing time for the UE. This option would require to split the search space in one position applicable for n+3 1ms TTI and the other position that schedules with legacy n+4 1ms TTI. For example, the PDCCH of CSS indicates the n+4 1ms TTI and the PDCCH of USS indicates the n+3 1ms TTI.
Furthermore, if the UE has short TTI ability, a unified solution could be the CSS associated with n+4 1ms TTI and USS associated with n+3 1ms TTI and short TTI. The n+3 1ms TTI and short TTI may be differentiated by an additional bit in DCI format.
From the above discussions, we have the following proposal:
Proposal 3: Dynamically fallback to legacy processing timing n+4 by the search space position.
4 PUCCH resource allocation.
In the section, we discuss the impact of reduced minimum timing to the HARQ-ACK feedback procedures. Based on section 10.1.2 in [4], the PUCCH format 1a/1b resource is defined as follows:
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· For a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe [image: image8.wmf]4
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Figure 2. Multiple PDSCHs to same PUCCH format 1a/1b resource, when there is the UE with reduced processing time in system
Based on section 10.1.2 in [4], when the minimum timing between DL data to DL HARQ is reduced to 3ms, a HARQ-ACK received on the PUCCH assigned to a UE in subframe i would be associated with the PDSCH transmissions in subframe i-3. Then, legacy PDCCH transmission in subframe i-4 and the PDSCH transmission with reduced minimum time interval in subframe i-3 may choice the same PUCCH format 1a/1b resource in subframe i. There are several options for avoiding the PUCCH resource collision issue.
· Opt.1: restrict eNB scheduling

In the Opt.1, the current implicit PUCCH resource allocation is reused. Any UE would assume that the HARQ-feedback for two different DL subframes never collide. Besides, as depicted in Figure2, eNB also need to avoid the resource collision by legacy UEs (i.e., scheduled by PDCCH in subframe i-4) and UEs enabled with processing time reduction (i.e., scheduled by PDCCH in subframe i-3). Cons of this option are that some CCE resources combinations cannot be served by unusable lowest CCEs index, high scheduling complexity, and low eNB scheduling flexibility for avoiding the PUCCH collisions. Pros is that there is no specification work.
· Opt.2: configure the UE-specific starting offset [image: image20.wmf](1)

PUCCH

N


In the Opt.2, it is to separate the PUCCH resource region, e.g., by configuring different [image: image21.wmf](1)
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. There are some limitations of this method since semi-static configuration may be not very suitable to dynamic PUCCH resource application. But it provides more flexibility than Opt.1. For example:
For a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n-3, the UE shall use 
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· Opt.3: configure the UE-specific starting offset [image: image26.wmf](1)
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This method is similar to the legacy EPDCCH scheduling.  When the PDSCH of a UE with reduced processing time is scheduled by PDCCH, the PUCCH resource could be determined by a UE-specific starting offset and HARQ-ACK resource offset field in the DCI format. The eNB would avoid the PUCCH resource collision by the two parameters. Compared with Opt.2, the Opt.3 has further flexibility for avoiding the resource collision. For example:
For a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n-3, the UE shall use 
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· Opt.4: Introduce a timing-dependent implicit PUCCH resource offset.

The option would introduce additional offset for avoiding PUCCH resource collision. The option is similar with Opt.1. The relative fixed offset cannot remit PUCCH resource collision, and it still has scheduling limitations. For example:
For a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n-3, the UE shall use 
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 is configured by higher layer and cell-specific configuration, and offset is related with PUCCH timing offset, as offset is 2 if n+3 and is 0 if n+4.
· Opt.5: Report HARQ feedback for only one of the PDSCHs.

The option is to report HARQ feedback for only one of the PDSCHs.  For example, it provides HARQ feedback only for the n+4 operation and drop the HARQ of n+3 operation. Obviously, the Opt.5 can only be  used in the case when multiple HARQ feedbacks belong to the same UE. For the PUCCH collision between the different UEs, it is still left to eNB implementation. 
From the above discussions, we would prefer option3 from flexible point of view:
Proposal 4: Similar to EPDCCH scheduling case, use UE-specific starting offset [image: image36.wmf](1)
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and HARQ-ACK offset indication in DCI format to determine the PUCCH resource when the UE is configured with n+3 processing time.
5 Conclusion
In this contribution, the possible processing time reduction to legacy operation and HARQ-ACK feedback procedures are discussed, the following observations and proposals are given:
Proposal 1: For n+3 1ms TTI, the maximum TA should be reduced to 0.33 ms.
Proposal 2: It should not support the minimum processing timing of n+2 1ms TTI.
Proposal 3: Dynamically fallback to legacy processing timing n+4 by the search space position.
Proposal 4: Similar to EPDCCH scheduling case, use UE-specific starting offset [image: image37.wmf](1)
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and HARQ-ACK offset indication in DCI format to determine the PUCCH resource when the UE is configured with n+3 processing time.
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