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1 Introduction


Since the new work item for shortened TTI and processing time for LTE was approved in RAN#72 [1], processing time reduction for 1ms TTI has been discussed. One of the results is to support n+3 timing for DL HARQ-ACK feedback and UL data transmission. 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 the remaining issues on how to handle collisions between n+4 timing as legacy LTE and n+3 timing for processing time reduced UEs. 
2 Discussions 

Legacy LTE UEs uses n+4 as the minimum HARQ-ACK/UL transmission timing. This n+4 timing is reduced to n+3 for UEs capable of shortened processing time. To avoid ambiguity period due to some reason including RRC reconfiguration, the fallback mode to n+4 timing is introduced. For this fallback mode, the following agreement was made in RAN1#87.
	Agreement:
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing



Figure 2 illustrates the above agreement. For n+3 timing configured UEs, if DCI is detected in CSS, then the corresponding operation is of n+4 timing. On the contrary, if DCI is detected in USS, then the corresponding operation is of n+3 timing as configured. 
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Figure 2. Illustration of the fallback mode to n+4 timing

One issue that can be raised with this fallback mode is collision issues. The related collision handling issues have been discussed and resolved for many issues. 


Then, the next issue is when CSS and USS are overlapped. In other words, it is the case that a search space belongs to both CSS and USS. This overlapping issue is illustrated in Figure 3. When a UE configured with n+3 timing, it is ambiguous when a DCI is detected in a search space belonging to CSS and USS at the same time. Since this is related to timing of HARQ-ACK and PUSCH, this issue cannot be resolved by UE implementation.
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Figure 3. Overlap of CSS and USS

Throughout Monte-Carlo simulation with all RNTI values and with all subframe index, at least one search space belongs to both CSS and USS in about 5 subframes out of 10 subframes on average. Also, all search spaces for aggregation level L=8 belong to both CSS and USS in about 1 subframe out of 10 subframes. Therefore, without some solution, there will be scheduling restrictions. 

This CSS-USS overlapping issue has been discussed before due to different numbers of the CSI request bit field according to search space. The related specification is as below in [3].
	A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common payload size and with the same first CCE index [image: image3.wmf]CCE

n

 (as described in subclause 10.1) but with different sets of DCI information fields as defined in [4] in the

common search space 

PDCCH UE specific search space 

on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

if the UE is configured with the carrier indicator field associated with monitoring the PDCCH on the primary cell, only the PDCCH in the common search space is transmitted by the primary cell;

otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.



With the above specification support, the overlapping issue for n+3 timing cannot be resolved since DCI information fields are the same for CSS and USS. Therefore, modification of the above related specification or new prioritization rule between CSS and USS is needed. 
Observation 1: Overlapping of CSS and USS needs to be resolved to avoid timing ambiguity.
Proposal 1: Discuss the prioritization rule between CSS and USS for fallback mode operation of n+3 timing UEs. 
3 Conclusions
In this contribution, the fallback mode related issue is discussed. It can be summarized as below. 
Observation 1: Overlapping of CSS and USS needs to be resolved to avoid timing ambiguity.
Proposal 1: Discuss the prioritization rule between CSS and USS for fallback mode operation of n+3 timing UEs.
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