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This document discusses specific conditions and observations regarding frequency-selective CSI reports for the unlicensed spectrum access by LTE.
Discussion
CSI Resolution in Frequency Domain 
Up to Release 12, frequency-selective CSI report modes are supported by periodic and aperiodic CSI reports. At the time a CSI report arrives at the eNB, its age is at least 4 ms due to the definitions of the CSI reference resource in time domain. Especially for TDD and CSI subframe sets (e.g. for CoMP, eIMTA, eICIC), the age can become larger since it will frequently occur that the CSI reference resource for the corresponding CSI subframe set lies farther in the past than the 4 ms.
During the discussion for supporting frequency-selective CSI reports for Release 8, we observed that the benefit of subband CSI information for frequency-selective scheduling is quickly diminished with an increasing periodicity/age of the CSI report. For the wideband CSI, fluctuations in frequency domain are inherently averaged out so that the wideband channel appears to be more stable over time than a subband channel. A corresponding evaluation of the wideband CQI accuracy compared to the subband CQI accuracy is provided in the Annex of this document.
At the same time, the wideband will benefit from improved noise averaging during the measurement. In summary, the accuracy of a wideband CSI report is generally higher than for frequency-selective CSI information. Due to the relatively slower fading in time domain, this is particularly true for older CSI reports.
Observation 1: Especially for relatively older CSI reporting, the wideband CSI accuracy is higher than the subband CSI accuracy.
Even though there has been no thorough discussion about CSI measurements on unlicensed carriers so far, we assume that the UE can obtain CSI measurements from reference symbols transmitted by eNB on the unlicensed carrier. In our view, the straightforward approach is to use the current measurements as the starting point for LAA CSI discussions. Further modifications might be necessary or possible in case CRS or CSI-RS are not supported, or if a shorter CSI feedback timeline becomes available.
Proposal 1: Use the existing mechanisms as a starting point for LAA CSI measurements.
Due to regulation aspects for accessing unlicensed spectrum, the UE cannot expect that corresponding reference symbols are transmitted by eNB continuously or periodically. Consequently, the lag between the CSI measurement subframe and the corresponding utilization by the eNB for scheduling and link adaptation will have larger time distribution, i.e. the age of the CSI measurement will become larger on average and the case of young CSI reports will become less likely unless the current CSI measurement and reporting timeline is modified. An outdated CSI report means that the accuracy and therefore the benefit of subband CSI will become rather negligible. Whether a modified timeline for the purpose of less outdated CSI measurements and reports is feasible and reasonable in Release 13 would need to be evaluated.
Observation 2: Due to the limits for transmitting RS on the unlicensed carrier imposed by regulation, the age of CSI is increased unless the CSI measurement and reporting timeline is modified. 
Limiting the contents for unlicensed carrier CSI reports to wideband information only is efficient for the uplink transmission. Even though the current systems support periodic as well as aperiodic CSI reports, due to the non-periodic access to the unlicensed carrier it seems more important to rely on aperiodic CSI reports. For the currently specified aperiodic CSI modes, the largest part of the payload is required for frequency-selective CQI and/or PMI. Therefore, at least wideband-only CSI report modes should be defined for LAA. Such a wideband-only CSI report mode should be configurable per carrier, so that a single aperiodic CSI report could comprise a frequency-selective report (such as by mode 3-x) for licensed cells together with a wideband-only report for unlicensed carriers.
Proposal 2: At least wideband-only aperiodic CSI report modes should be specified.

Conclusion
We have made the following observations and proposals for CSI reports:
Observation 1: Especially for relatively old CSI reports, the wideband CSI accuracy is higher than the subband CSI accuracy.
Observation 2: Due to the limits for transmitting RS on the unlicensed carrier imposed by regulation, the age of CSI is increased unless the CSI measurement and reporting timeline is modified. 
Proposal 1: Use the existing mechanisms as a starting point for LAA CSI measurements.
Proposal 2: At least wideband-only aperiodic CSI report modes should be specified.
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The following table gives the probability for the real subband/wideband CQI being within the interval of -2 dB .. +2 dB of the indicated value as a function of the delay (4 TTI is the minimum delay due to the reporting procedure) in a TU6 channel. The evaluation only models the channel drift and does not reflect additional errors due to noisy channel estimation. It shows that the accuracy for wideband reports is better than for subband reports, and the accuracy for wideband reports is better even for older CSI reports.
	
	4 ms later
	10 ms later
	15 ms later
	20 ms later

	Subband, 3 km/h
	99.2 %
	85.5 %
	69.5 %
	57.8 %

	Wideband, 3 km/h
	~ 100 %
	98.6 %
	92.4 %
	83.5 %

	Subband, 15 km/h
	58.0 %
	31.8 %
	29.8 %
	29.8 %

	Wideband, 15 km/h
	83.1 %
	52.8 %
	49.3 %
	49.3 %
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