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Discussion and decision
1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. The updated WID was approved in RAN#73 [2], but the part of 1ms TTI is the same as the previous one. The objectives for processing time reduction with 1ms TTI are as below.

	For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]



This contribution considers overall operations for processing time reduction with 1ms TTI based on the agreements made in RAN1#86 and RAN1#86bis.
2 Discussions 

Until RAN1#86, the following agreements and working assumption have been made for 1ms TTI.

	· 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

· 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 

· 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
· No consensus to support a minimum processing time of n+2


Necessity of fall-back mode to normal timing operation


One reason of introducing fall-back mode operation is the ambiguity of RRC configuration timing boundary. Because an eNB and a UE cannot know the exact timing for the change of the minimum timing that is RRC configured, the fall-back mode can be used during that ambiguous period. First of all, for UL, the fall-back mode operation is not needed because UL DCI formats for n+3 timing and for n+4 timing will become different due to asynchronous UL HARQ for n+3 timing. For DL, the first question is how often the RRC configuration timing is needed. If the RRC configuration does not occur very often, the ambiguity of RRC configuration timing boundary can be resolved by the eNB scheduling. Even if the RRC configuration occurs quite often, the eNB may resolve this issue by scheduling and by decoding twice for DL HARQ-ACK feedback. 

Depending on whether the fall-back mode is supported, the eNB and UE operations for reduced processing time will become totally different. If the fall-back mode is not supported, the ambiguity duration is ignored by not scheduling something on the duration. If the fall-back mode is decided to be supported, RAN1 should consider some related issues such as how to indicate fall-back mode for DL and UL, respectively, how to use fall-back mode for CA scenario, and how to deal with scheduling collision. 
Therefore, when introducing fall-back mode operation, RAN1 needs to carefully consider pros and cons. 

Observation 1: The eNB can resolve the ambiguity of RRC configuration timing boundary for minimum timing by scheduling. 

Proposal 1: RAN1 needs to carefully consider pros and cons for introducing fall-back mode operation and how to use in perspective of feasibility, performance gain, and specification effort. 
TA value knowledge of eNB

Regarding TA, each UE knows its own absolute TA value, it needs to be considered whether an eNB is aware of the absolute TA value of UEs or not. When the eNB sends RAR to a certain UE, it delivers the absolute TA value for the UE. After that, the eNB only check the additionally needed TA changes for the UE and sends it through MAC CE. So, it is not difficult for the eNB to know the absolute TA value that the UE uses. By accumulating the changes of TA from the initial TA value in RAR, the eNB can track the TA of the UE. By using this information, the eNB can determine whether the UE can support the reduced processing time. If the eNB cannot track the UE’s TA value, then there is no way for the eNB to know the UE’s status for possibility of supporting the reduced processing time.
Observation 2: The eNB can track the TA of the UE by accumulating the changes of TA from the initial TA value in RAR.

3 Conclusions
In this contribution, the overall operation issues for reduced processing time are provided. It can be summarized as below. 
Observation 1: The eNB can resolve the ambiguity of RRC configuration timing boundary for minimum timing by scheduling.
Observation 2: The eNB can track the TA of the UE by accumulating the changes of TA from the initial TA value in RAR.
Proposal 1: RAN1 needs to carefully consider pros and cons for introducing fall-back mode operation and how to use in perspective of feasibility, performance gain, and specification effort.
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