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1. Introduction

In RAN#72, an LTE work item on shortened TTI and processing time was approved [1]. One of the objectives of the WI is to investigate any impact on CSI feedback and processing time for 1ms TTI. In this contribution, we discuss some consideration points on CSI feedback for 1ms TTI with shortened processing time. 
2. CSI feedback with shortened processing time for 1ms TTI
According to the agreement in RAN1#86 [2], a minimum timing of 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 in 1ms TTI case. Thus, it would be necessary to investigate the feasibility of faster CSI feedback accompanied by shortened processing time operation and its possible benefits to overall system performance.  
Proposal 1: It would be necessary to investigate possible benefits from CSI feedback with shortened processing time for 1ms TTI.
If CSI feedback with shortened processing time is proven to be beneficial, some CSI enhancement can be considered. For example, it would be desirable to utilize more compact reporting modes or to report feedback for some selected/configured subbands/CSI processes when shortened processing time is configured. In order to reduce CSI calculation complexity, subband size adjustment or PMI set restriction can be also considered. To facilitate such complexity reduction, CSI update/calculation/report related capability signalling can be taken into account for shortened processing time. 
If the gain from CSI feedback with shortened processing time is marginal or CSI processing time for quicker CSI feedback is not enough compared with data processing time, then processing time reduction for CSI feedback can be somewhat relaxed. For instance, processing time can be different depending on whether aperiodic CSI is triggered or not. In other words, processing time of PUSCH scheduling without aperiodic CSI triggering would become relatively shorter than that with aperiodic CSI triggering due to an additional budget for CSI processing time. Some restriction can be considered that CSI feedback with shortened processing time is supported only if processing time is sufficient (e.g., due to infrequent UL portion of the specific TDD UL/DL configuration). 
Proposal 2: Further study on how to support CSI feedback with shortened processing time and relaxation/restriction of CSI feedback with shortened processing time is needed. 
With shortened processing time, it might be necessary to consider the definition of CSI reference resource. According to the current specification, for aperiodic CSI reporting for a UE configured in TM 1-9 or TM 10 with a single CSI process, the CSI reference resource is tied to the same valid DL or special subframe as the corresponding CSI request in an uplink DCI format, which implies that the gap between CSI reference resource and the corresponding CSI reporting time is also reduced in accordance with shorter processing time of UL grant to UL data. If this is burdensome, such restriction of the CSI reference resource can be relaxed in case of a UE configured with shortened processing time. On the other hand, if the reduction of the gap between CSI reference resource and the corresponding CSI reporting time is acceptable, then more stringent timing can be defined for CSI reference resource in case of a UE configured with shortened processing time. 
Proposal 3: Further study on CSI reference resource in case of a UE configured with shortened processing time is needed. 
3. Conclusions

In this contribution, we discussed aspects of potential CSI feedback enhancement for 1ms TTI with shortened processing time. Based on the above discussions, our proposals are given as follows:

Proposal 1: It would be necessary to investigate possible benefits from CSI feedback with shortened processing time for 1ms TTI.

Proposal 2: Further study on how to support CSI feedback with shortened processing time and relaxation/restriction of CSI feedback with shortened processing time is needed. 

Proposal 3: Further study on CSI reference resource in case of a UE configured with shortened processing time is needed. 
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