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Introduction
In RAN#72 the new WI on short TTI and reduced processing [1] was agreed. During the WI, the topic of CSI has been discussed in terms of processing time, reporting delay and UCI design for sPUCCH [2-10].  In this paper, we provide a discussion on the potential topics of investigation regarding the CSI reporting for sTTI. 
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Legacy CSI Mechanisms
CSI reporting for 1ms TTI
CSI reporting consists of a different types of information subject to the downlink transmission mode. In the simplest downlink configuration (modes 1,2,3,7), there is no need of spatial information feedback and thus, only CQI is transmitted. For MIMO transmissions (mode 4,5,8,9,10), CQI is complemented with PMI, RI and/or CRI depending of the MIMO configuration. The length of the report can be from 1 subframe PUCCH/PUSCH transmission to several subframe for larger reports (e.g. TM10 reports for class B CSI takes 3 subframes). 
CSI can be reported periodically or in response to aperiodic triggers. Its periodicity is typically larger than a subframe (1ms), e.g. a typical value for the CSI periodicity in FD-MIMO is 5ms. Even larger periodicities are seen when the UE is not having any traffic but its CSI is monitored. 
Aperiodic triggered transmission can be configured in between periodic transmissions. Hence, the flexibility offered by the legacy CSI framework makes it suitable for sTTI user. It remains to be investigated to what extent the framework can be used beneficially (i.e. some settings may not be suitable for a sTTI user), however this is an implementation issue that does not have a standard impact. 
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Applying Legacy CSI on sTTI scale
Given that sTTI aims at shortening the LTE latency, one could intuitively think that adapting the CSI reporting procedure to the new sTTI duration would be beneficial. However, the specificities of sTTI should be considered. 
Firstly, sTTI has a rather larger control and reference signal overhead. With as much as half of the UL sTTI occupied by reference signaling already, increasing the overhead to accommodate more frequent CSI measurements and reporting would be costly. Secondly, if CSI reporting is to be done in the sTTI time scale, shorter CSI reporting delay will put an increased burden on the UE capability. Today an aperiodic CSI feedback requested in TTI n is reported in TTI n+4. So, UEs must perform channel measurement and compute the CSI report in less than 3ms. When applying CSI reporting on sTTI scale, the intention is to reduce the CSI feedback delay and thus the CSI processing delay. If this is linearly downscaled with TTI length, around 0.5ms will be available for CSI processing with a 2os sTTI. This is a quite substantial CSI processing time reduction. In particular, it should be noted that after reception of TTI n, the processing for perfoming CSI measurements (channel quality measurement, precoder selection) as such do not depend on the TTI length. Thus it is questionable whether the existing CSI reports can be computed in such a reduced time.
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Furthermore, the use cases of applying CSI reporting in the sTTI time scale have to be considered. When it comes to periodic CSI reporting, we do not foresee a use to support periodic reporting on sPUCCH. Periodic reporting is typically used to monitor channel variations occurring over relatively large periods of time.  For example, FD MIMO monitors spatial conditions over 5ms period, and an inactive UE may use periodic CSI reporting every 20ms for transmission opportunity. Hence the use of periodic reporting on a sTTI scale seems unwarranted. As discussed in [11,12], the sPUCCH performance is negatively impacted by the shorter transmission time. Including UCI in sPUCCH means a larger sPUCCH payload and thus a further degraded performance.
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When it comes to aperiodic CSI reporting, within the legacy framework of CSI reporting, a sTTI user may benefit from faster feedback of some of the CSI report types. Depending of the UE capability in terms of processing time, and which part of CSI is benefiting from a more frequent report, more frequent sPUSCH (i.e. aperiodic) CSI reports could be considered. But as mentioned earlier, the reference signal overhead being quite substantial on sPUSCH, applying the existing aperiodic CSI reporting modes on sPUSCH is not reasonable. Thus, the details of sTTI-specific aperiodic CSI feedback in terms of the size and type of the feedback as well as the benefits of such CSI feedback should be investigated.
[bookmark: _Toc473286495][bookmark: _Toc473290040][bookmark: _Toc473290087][bookmark: _Toc473290101][bookmark: _Toc473293418][bookmark: _Toc473646487][bookmark: _Toc473705167][bookmark: _Toc473900587][bookmark: _Toc474168750][bookmark: _Toc474169121][bookmark: _Toc476834886][bookmark: _Toc477781941][bookmark: _Toc477781980][bookmark: _Toc478144013][bookmark: _Toc481752156][bookmark: _Toc473290041][bookmark: _Toc473290088]sTTI-specific improvement of aperiodic CSI reports is for further studied 
[bookmark: _Toc473290042][bookmark: _Toc473290057][bookmark: _Toc473290090][bookmark: _Toc473290094][bookmark: _Toc473290103][bookmark: _Toc473290107][bookmark: _Toc473293420][bookmark: _Toc473293426]CSI feedback for sTTI
As mentioned in section 2.1.1, different transmission modes require different types of CSI measurement. Therefore, for the eNB to be able to use CSI measurement/reporting based on 1ms TTI for sTTI, the same TM should be applied in both 1ms TTI and sTTI. If the TM of sTTI and 1ms TTI were different, two completely separate CSI reporting loops would be required, as the quantities measured would be different and not comparable. A complete CSI reporting would have to be sent on sTTI, which is not a good option as discussed in section 2.1.2.
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With a shared TM between 1ms TTI and sTTI, sTTI scheduling can rely on the legacy CSI reporting without any impact to the specification. If modifications are to be done to adapt it to sTTI usage the benefit of the modifications to the legacy CSI reporting will have to be quantified. 
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In principle, the CSI measurements performed on a TTI are valid and relevant for sTTI scheduling to a very large extent. CSI reporting based on 1ms TTI is able to capture sufficiently accurately the variation of the spatial properties of the channel. No additional gain is expected if PMI is reported more frequently than what is possible today on 1ms TTI. So, the eNB can base its scheduling decisions for sTTI on 1ms TTI CSI measurement and reporting. 
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CQI, however, reports the available MCS at a given time. this can change rather fast, based on interference condition, and having the CQI rate following the sTTI transmission rate could be beneficial, especially if the interference consists of other sTTI users. It is thus proposed to investigate CQI feedback for sTTI using sPUSCH. Depending on transmission modes, RI could be associated to the sPUSCH transmission as well. 
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[bookmark: _Toc476834891][bookmark: _Toc477781946]CQI feedback needs between 4 to 8 bits depending on the number of transmitted codeword. On top of that, subband differential CQI requires two bits per subband. Given the lower payload in sPUSCH, it is proposed to study using differential CQI also for wideband CQI, anchoring the measurement to e.g. a full (non differential) measurement every x ms. 
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Conclusion
In section 2 we made the following observations:
Observation 1	The legacy CSI framework is suitable for sTTI users
Observation 2	Support of full extent of today’s CSI reporting on sTTI scale is challenging
Observation 3	Support of periodic CSI reporting over sPUCCH  in the sTTI scale is not necessary
Observation 4	sTTI-specific improvement of aperiodic CSI reports is for further studied
Observation 5	Since the feasibility of a complete CSI reporting on sTTI is questionable, separate transmission mode between 1msTTI and sTTI is to be avoided.
Observation 6	When sharing the same transmission mode, CSI reporting on 1ms TTI can be used for sTTI scheduling without any specification impact
Observation 7	Spatial information such as PMI/RI measurement and reporting based on 1ms TTI are suitable for sTTI scheduling
Observation 8	Aperiodic CQI feedback on sPUSCH could be beneficial
Observation 9	Differential CQI feedback on sPUSCH could be beneficial from the payload point of view
Proposal 4	Study CQI feedback over sPUSCH and CQI encoding for sTTI.

Based on the discussion in section 2 we propose the following: 
Proposal 1	 No periodic CSI reporting is supported on sPUCCH
Proposal 2	 The transmission mode configured for a UE is valid for both sTTI and 1ms TTI
Proposal 3	 No modifications to the existing CSI reporting is specified for sTTI unless benefits are quantified
Proposal 4	Study CQI feedback over sPUSCH and CQI encoding for sTTI.
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