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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1] and updated in RAN#73 [2]. 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 aspect of CSI reporting for processing time reduction with 1ms TTI.
2 Discussions 

In RAN1#86, the following agreements and working assumption are 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



A minimum timing from UL grant to UL data has been reduced from n+4 to n+3 for UEs capable of operating with reduced processing time with the conditions such as, a reduced maximum TA, scheduled by PDCCH. According to current LTE specification, a UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k (e.g. k=4 for FDD) on serving cell c, upon decoding in subframe n either an uplink DCI format or a Random Access Response Grant for serving cell c if the respective CSI request field is set to trigger a report and is not reserved. Therefore, it is required to be discussed whether a minimum timing for aperiodic CSI report also needs to be reduced as for UL grant to UL data transmission.

Necessity of reduced CSI report timing

If a PUSCH is scheduled in subframe n and there is an aperiodic CSI request in subframe n, the UCI shall be transmitted on PUSCH in subframe n unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. Therefore, if the timing for CSI reporting is different from the timing for PUSCH transmission (i.e. timing from UL grant to UL data), it could be possible that PUSCH and aperiodic CSI report may need to be transmitted in two different subframes (e.g. PUSCH in subframe n+3, aperiodic CSI report in subframe n+4). In this case, some specification efforts would be required to define UE behaviour when UE is scheduled to transmit PUSCH and report aperiodic CSI in a subframe. Several options could be considered as follows
· Option 1: PUSCH and aperiodic CSI report are transmitted in a subframe where aperiodic CSI is reported
· Option 2: PUSCH and aperiodic CSI report are transmitted in different subframe
· Option 3: PUSCH transmission and CSI request are scheduled by separate UL grants
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Figure 1. Candidate options without reduced CSI reporting timing

For Option 1, if the CSI request bit field is set to trigger an aperiodic CSI report, both PUSCH and aperiodic CSI report are transmitted in a subframe where aperiodic CSI is reported (e.g. n+4 for FDD) as specified in current specification. If the CSI request bit field is not set to trigger the report, UE would apply the configured PUSCH transmission timing (e.g. n+3). Option 1 would be the simplest way to resolve the issue without significant specification efforts. However, with this option the benefit from the reduced processing time could be diminished whenever aperiodic CSI report is triggered with UL data. In addition, two different timings could be changed dynamically eNB and UE complexity could be increased.

For Option 2, a PUSCH scheduling and an aperiodic CSI request are done by a single UL grant, but the PUSCH and aperiodic CSI report are transmitted in different subframe according to each timing (e.g. PUSCH in subframe n+3, aperiodic CSI report in subframe n+4 for FDD). However, it would require specification efforts to define resource for CSI report in subframe n+4. One possible way is that the same UL resource indicated by the UL grant is used for CSI report in subframe n+4. However, if the number of RBs assigned for PUSCH is large, there is significant resource inefficiency since aperiodic CSI may not require the large number of RBs.

The other option is that triggering an aperiodic CSI report is left up to eNB decision. In fact, the eNB could control the timing of PUSCH transmission and CSI report by scheduling. In other words, eNB should not trigger CSI report for a UE in the same subframe where a PUSCH is scheduled for the UE. However, this option may waste UL resources unnecessarily (e.g. two UL grant and two PUSCH resources are required). In addition, it is possible that eNB may not have available UL resources to trigger aperiodic CSI report for TDD especially with DL-heavy TDD UL/DL configuration. Considering the aspects, therefore, it would be desirable to support the same reduced processing time for CSI reporting and PUSCH transmission for 1ms TTI.
Proposal: A minimum timing n+3 is supported for aperiodic CSI reporting for UEs capable of operating with reduced processing time with the same following condition: 

· A maximum TA is reduced to x ms, where x <= 0.33ms 

· At least when scheduled by PDCCH
3 Conclusions
In this contribution, the aspect of CSI reporting for processing time reduction with 1ms TTI is provided and the following is proposed.
Proposal: A minimum timing n+3 is supported for aperiodic CSI reporting for UEs capable of operating with reduced processing time with the same following condition: 

· A maximum TA is reduced to x ms, where x <= 0.33ms 

· At least when scheduled by PDCCH
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