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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. Similarly, for more than >5 CA, periodic reports could be dropped more frequently than in Release 12 due to collisions with ACK/NACK or limited CSI feedback capacity, even if the latter can be increased compared to Release 12. This also results in a generally older CSI report available at the eNB.
During the discussion for supporting frequency-selective CSI reports for Release 8, it was 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. At the same time, the wideband will benefit from improved noise averaging during the measurement. In summary, 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.
The control information overhead for > 5 CA becomes larger for periodic CSI reports but especially for aperiodic CSI reports. Considering the aperiodic feedback mode 3-2 with 8 antenna ports and Rank = 2, CQI+PMI account for 116 bits per reported carrier (excluding CRC). So in the worst case, the report overhead could amount to the equivalent of a transport block with TBS = 3712 bits. Assuming the highest coding rate for QPSK modulation (MCS 10), such a transport block would require the assignment of 21 PRBs.
Observation 2: Especially for subband CSI reports, the feedback overhead will become very large for >5 CA.
A large feedback could be justified if corresponding gains can be expected for the downlink data transmission. The main benefit of the large CSI reports is the frequency-selective report, and therefore the possibility to "ride the peaks" in frequency domain by proper scheduling and link adaptation, and to enable multi-user multiplexing techniques for the DL spectrum. At the same time, from the DL overhead perspective (mainly the DCI and transport block CRC overhead), it is more efficient for an eNB to schedule a large number of resource blocks per carrier but on as few carriers as possible. For example, to transmit a total of 4000 bits on a single carrier, only one DCI is required and one CRC is attached to the transport block. If the same 4000 bits should be split and transmitted on 10 carriers, then 10 DCI are necessary as well as 10 CRCs (one for each transport block of 400 bits). Additionally, the main scenario for carrier aggregation is the fast transmission of bursty traffic.
As a consequence, we think that especially for >5 CA, the preferable scheduling scenario is to schedule large transport blocks and therefore a large number of RBs per carrier, rather than distributing the data over an unnecessarily large number of carriers each carrying only a small portion of data.
Observation 3: From the downlink overhead perspective, it is more reasonable to schedule few carriers with large transport blocks rather than many carriers with small transport blocks.
For such a case, the large overhead of subband CSI reports is not always justified - a wideband-only CSI feedback would be sufficient in some situations. For multiplexing CA UEs with legacy UEs including non-CA, the large overhead of a subband CSI report is beneficial in order not to decrease the efficiency of this carrier. For carriers that are mainly utilized and optimized for >5 CA, the large overhead of a subband CSI report per carrier is not justified. Carriers that are mainly intended for multiplexing with legacy UEs, could be configured to report a frequency-selective CSI, while the remaining potentially majority of carriers could save substantial overhead by reporting just wideband information.
Observation 4: For many cases using >5 CA, having wideband CSI information for the majority of carriers can be sufficient for the eNB.
Up to Release 12, a wideband-only CSI report is supported by periodic reports on PUCCH, where the periodicity is configurable among {2, 5, 10, 20, 32, 40, 64, 80, 128, 160} for the FDD case. For a UE velocity of 3 km/h, the resulting Doppler frequencies for carriers at 2.0 / 3.5 / 5 GHz are 5.56 / 9.72 / 13.9 Hz, for which we can expect the 50% coherence time values as roughly 32 / 18 / 13 ms. In order to be suitable for link adaptation, suitable CSI report periodicities would therefore be 32 / 16 / 10 ms - assuming that the PMI and RI are not changing more frequently either.
Even though a periodic CSI report for a single cell creates a small overhead - 11 bits for CQI/PMI in the spatial multiplexing case - the totality of up to 32 such reports with a periodicity of 32 ms or less would equivalently mean that for every UE a single cell CSI report would occur in every subframe, even if there is no DL data pending for such a UE.
Even though a new PUCCH format would support a higher capacity than existing formats, taking PUCCH format 3 as a template a new PUSCH-based structure might support roughly 240 coded bits per RB as a payload, i.e. 12 times the payload of PUCCH format 2. If the same code rate as for PUCCH format 2 (11/20 = 0.55) is targeted, this means that the new PUCCH format might support around 12 periodic CSI reports per RB. This leads to a potential periodic CSI overhead of up to 3 RBs per 10 ms per UE - meaning that even if only 10 UEs are active, 3 RBs for UL are lost just for purposes of CSI reporting, i.e. 3% of a 20 MHz UL cell are consumed for such a report. It is evident that for 50 active UEs this means that 15% of an UL cell capacity are lost. These numbers don't include the much more fundamental ACK/NACK feedback that needs to be conveyed as well, nor any TDD aspects.
Observation 5: For proper link adaptation relying on periodic CSI, the overhead in terms of occupied RBs may reach 3% per UE in an UL 20 MHz cell.
Instead of forcing an eNB to configure periodic reports in such a fashion, it is more reasonable to configure periodic reports with a larger periodicity - e.g. 80, 128, 160 ms - and rely on the supplemental aperiodic CSI reports that are triggered just for a desired UE when DL traffic is pending and the periodic CSI may already be older than ~10-30 ms. This would reduce the burden of periodic CSI reports by roughly 5-8 times compared to the numbers above. However currently it is not possible to trigger a wideband-only aperiodic CSI report, so that the aperiodic CSI for small cells can be quite inefficient as outlined earlier in this document. In our view, the situation of CA up to 32 carriers warrants to further extend aperiodic CSI reports so that periodic and aperiodic reports can complement each other efficiently for eCA.
Therefore in our view RAN1 should introduce a wideband-only CSI report mode in Release 13 similar to the currently specified modes, so that a single aperiodic CSI report could comprise a frequency-selective report (such as by mode 3-x) for macro cells together with a wideband-only report for small cells.
Proposal 1: Introduce a wideband-only CSI report mode for aperiodic CSI reports in Release 13.

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.
[bookmark: _Ref377995306]Observation 2: Especially for subband CSI reports, the feedback overhead will become very large for >5 CA.
Observation 3: From the downlink overhead perspective, it is more reasonable to schedule few carriers with large transport blocks rather than many carriers with small transport blocks.
Observation 4: For many cases using >5 CA, having wideband CSI information for the majority of carriers can be sufficient for the eNB.
Observation 5: For proper link adaptation relying on periodic CSI, the overhead in terms of occupied RBs may reach 3% per UE in an UL 20 MHz cell.
Proposal 1: Introduce a wideband-only CSI report mode for aperiodic CSI reports in Release 13.
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