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1 Introduction

This contribution mainly discusses the CSI feedback design in short TTI transmission.
2 CSI measurement
Measurement resource timing

The measurement resource is defined by a single downlink subframe n-k for FDD, where n is the reporting subframe. With the introduction of short TTI transmission, one UE shall report fast CSI information to eNB to help schedule short TTI transmission.Based on [1], we can consider to reduce the measurement time of P-CSI while the reporting interval of P-CSI is reduced. The performance gain of only reducing reporting interval is smaller than reducing both measurement time and reporting interval, since the CSI corresponding to real channel can change quickly when the measurement resource is too far away from this reporting time, if a sTTI UE can support different TTI length for DL and UL, the measurement resource would be redefined since the UL and DL are not symmetrical any more. Anyway, measurement resource timing would be further studied.

Measurement resource overhead

If DMRS based TMs are supported for short TTI UE, CSI-RS based CSI measurement may be supported too. Based on [1], the accurate link adaption can improve DL user throughput when the CSI feedback reporting can track with the wireless channel, assumed that the interval of reference signals transmission pattern is small enough to reflect the channel variation. However, if the CSI-RS transmission interval is so large that the CSI may only track slow channel fluctuation instead of fast channel information, Then the introduction of fast CSI reporting in short TTI may be little helpful to performance gain. The small interval of CSI-RS may be introduced, e,g. 5 times to short TTI, which will obviously introduce large overhead. Therefore, we need to study the CSI-RS overhead reduction when taking the fast CSI measurement and reporting into account.

Proposal 1: Time granularity of CSI measurement could be studied sTTI instead of subframe.
3 CSI reporting  

A UE reports different CSI components (CQI, PMI, PTI, CRI and/or RI) on the PUCCH or PUSCH using the reporting modes configured by high layers.In the following subsection, we will discuss how to report the CSI feedback in short TTI.
3.1 Reporting time
In RAN1 #84 meeting, it is agreed in [2] the potential specific impacts are studied when TTI length for DL and UL can be different. eNB can configure TTI length adaptively based on cell load, coverage, service type, network topology and UE position, etc. For example, for critical service, 2-symbol TTI or 4(3)-symbol TTI can be configured. In general, the TTI length of DL PDSCH can be smaller than that of PUCCH considering uplink TTI shortening will lead to the reduced coverage [3]. Then, For TTI shortening, CSI feedback may occur in UL sTTI instead of subframe.  
For aperiodic CSI (A-CSI), up to Rel.13, after receiving one CSI triggering DCI in subframe i, the UE will report A-CSI information in subframe i+k, where k is 4 in FDD or depends on TDD UL/DL configuration when an CSI request field from an uplink DCI format is set to trigger A-CSI report. In short TTI, one possible way is the interval between CSI triggering and A-CSI reporting depends on uplink grant timing. 
For periodic CSI (P-CSI),eNB can configure the reporting interval semi-statically. With reducing TTI length, one straightforward way is to scale the P-CSI reporting period in proportional to the TTI length. When TTI length for DL and UL can be different, it may consider the DL and UL TTI length for P-CSI reporting period.
Therefore, based on the above discussion, we have the following proposal:
Proposal 2: CSI Feedback in sTTI instead of subframe could be studied.
3.2 Overhead of CSI reports
In RAN1 #84 meeting, it is agreed that sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case is further studied.
For a single serving cell, the maximum size of A-CSI report is 112 bits for the DL bandwidth of 100 RB with PUSCH Mode 3-2, and the maximum size of P-CSI report is 11 bits for a CSI process assumed up to Rel.12.For the carrier aggregation up to 32 carriers in Rel.13, it is agreed that one CSI triggering DCI is able to trigger reports for at most 32 CSI processes. Then the maximal payload size of A-CSI for 32 carriers would be 32*112=3584 bits, and the maximal payload size of P-CSI for 32 carriers would be 32*11=352 bits.

However, for short TTI which the available time resource is fewer than 1ms TTI, the large payload size will make further restrictions of short TTI application. CSI overhead reduction could be reduced for short TTI transmission with (e)CA. There may be several enhanced directions: 

1) The sub-bands number may be decreased in short TTI to reduce the overhead of CSI since the frequency domain of scheduling granularity for a UE in one short TTI may become larger.  
2) Since the CQI, PMI, PTI, CRI and/or RI has difference performance requirement or brings difference gain, the CSI reporting content should consider the importance and necessity of the information. In one side, RI , CRI , and PTI feedback may be kept in a time interval since these information would be changed frequently. In the other side, CQI and PMI need feedback frequently since they could brings the performance gain from fast link adaption. Then, it is reasonable that the CSI information that needs update frequently would feedback in sTTI with short period, and the CSI information that holds in a large time interval. Therefore, the reporting CSI in the different period and/or different TTI length would reduce the overhead of the CSI, especially for short TTI in (e)CA.
Based on the above discussion, therefore we have the following proposal:
Proposal 3: Study enhancements to reduce the overhead of CSI for sTTI transmission.
3.3 Priority rule of P-CSI

If short TTI in (e)CA is supported, P-CSI reporting content for multiple CCs may be corresponding to various TTI lengths. 
In Rel.12, due to the limit of PUCCH format 2, P-CSI for only one serving cell is allowed in a particular subframe. In fact, since the maximum number of serving cells is 5, for a typical period for P-CSI feedback of 5ms, it is still possible to support P-CSI for up to 5 serving cells without any collisions. If due to some other reasons, the P-CSIs for different cells or different CSI processes collide in a subframe, a set of priority rule was specified for the UE to select the highest prioritized P-CSI for feedback, while all other low prioritized P-CSIs are dropped. In Rel.13 eCA, the priority level of eIMTA is reused. The four kinds of parameters are used to derive the priority level for a P-CSI report, i.e. CQI reporting type > CSI process ID > cell ID > subframe set index.
Then, if the sPUCCH can not carry all the CSI reporting, the priority rule of droppiing P-CSI would be studied. For example,. Then, a possible way is that prioritizing the P-CSI corresponding with short TTI. The reason is that the latency-sensitive traffic may be transmitted in short TTI, since the short TTI can bring out the fast HARQ and TCP-ACK feedback. Therefore, the TTI length may be considered in the priority rule of P -CSI. 
4 Conclusion
In this contribution, the CSI measurement and feedback for short TTI transmission is discussed and the following proposals are made:

Proposal 1: Time granularity of CSI measurement could be studied sTTI instead of subframe.
Proposal 2: CSI Feedback in sTTI instead of subframe could be studied.
Proposal 3: Study enhancements to reduce the overhead of CSI for sTTI transmission.
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