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This document discusses specific conditions and observations regarding frequency domain scheduling and 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, 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, due to the inherent averaging over the system bandwidth the fluctuations in frequency domain diminish, meaning that the accuracy of a wideband CSI report is generally higher than for frequency-selective CSI information, particularly for older CSI reports.
Observation 1: The wideband CSI accuracy is higher than the subband CSI accuracy, especially for relatively old CSI reports.
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. Whether these are based on already defined CRS/CSI-RS, or whether the enhancements or modifications are required, should be further discussed in RAN1.
Proposal 1: Study what kind of reference symbols can be utilized for CSI measurements.
Nevertheless, it is clear that 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 An outdated CSI report means that the accuracy and therefore the benefit of subband CSI will become rather negligible.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.
Proposal 2: At least wideband-only CSI report modes should be specified.
Scheduling Granularity
The listen-before-talk (LBT) procedure mandates that a node detects whether any signal is transmitted on the wireless medium before starting its own transmissions. Since this measurement is generally a wideband power detection, the result is a binary decision whether the node can proceed with its own transmission or not. The information that part of the spectrum is occupied and another is not, which therefore could be utilized, is usually not available.
Observation 3: The LBT procedure gives a binary decision whether a node may transmit or not.
According to ETSI EN 301 893 [1], the Nominal Channel Bandwidth, i.e., the widest band of frequencies inclusive of guard bands assigned to a single channel, shall be at least 5 MHz at all times. Therefore, less than 5 MHz resource assignments do not need to be considered. 
Within 20 MHz carrier for its own transmission,  multi-user multiplexing and frequency-selective scheduling might still be employed. However, as identified in the CSI resolution discussion, the eNB should treat the subband CSI (if available at all) with great care, since the channel conditions on individual subbands will fluctuate more than the wideband CSI. Due to this unreliability, we consider that there is little (if any) motivation to try and assign only the best subbands to a UE if the subband size is less than 5 MHz. Consequently, we think a resource allocation occupying at least 5 MHz in frequency domain is at least necessary for the unlicensed carrier - this might be realized by localized or distributed resource allocation. Apart from having a more reliable basis for setting an appropriate MCS for the transmission, such a scheduling can also be used to make the resource allocation much more efficient by a smaller DCI. For example, if the scheduling is restricted to the full bandwidth, the whole RBA field in the DCI becomes unnecessary. This will give further benefits for using a small aggregation level for the DCI transmission, i.e. it reduces the control overhead. In the case of DCI Format 0/1A, almost 30% overhead could be saved. Even for distributed mode resource allocations, the RBA overhead could be reduced to a few bits or 0. Without dynamic RBA indication, a semi-static resource allocation by RRC signalling could be supported.
Observation 4: Assignments for less than 5 MHz are not suitable for the conditions of the unlicensed carrier. Wideband or distributed resource allocations could be more reasonable, and the corresponding link adaptation can rely on more accurate CSI. 
Observation 5: A smaller DCI for unlicensed carrier resource assignments facilitates gains for the DCI transmission, since a smaller aggregation level could be used, thereby increasing the overall control channel capacity.
Proposal 3: Study the reduction or removal the RBA field from the DCI for an unlicensed carrier to support wideband or distributed resource allocations.
The loss or reduction of the dynamic scheduling capability might seem inappropriate for small packet transmissions; however we consider that small packets may anyway be transmitted on a licensed carrier (such as PCell) instead. In addition, since the main focus for LAA is in the context of carrier aggregation, utilizing the unlicensed carrier would be attractive mainly for large data bursts.
Depending on the traffic load of UEs and the number of UEs that are within coverage of an unlicensed carrier, FDM between UEs in the same subframe could be supported. However, the difference to pure TDM should be evaluated to identify the need, taking into account that the main target for accessing the unlicensed spectrum are large data bursts.
Proposal 4: Considering that LAA should focus on large packet transmissions, the benefit of FDM vs. TDM of UEs on an unlicensed carrier needs to be evaluated.

Conclusion
We have made the following observations for CSI reports and scheduling:
Observation 1: The wideband CSI accuracy is higher than the subband CSI accuracy, especially for relatively old CSI reports.
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. 
Observation 3: The LBT procedure gives a binary decision whether a node may transmit or not.
Observation 4: Assignments for less than 5 MHz are not suitable for the conditions of the unlicensed carrier. Wideband or distributed resource allocations could be more reasonable, and the corresponding link adaptation can rely on more accurate CSI. 
Observation 5: A smaller DCI for unlicensed carrier resource assignments facilitates gains for the DCI transmission, since a smaller aggregation level could be used, thereby increasing the overall control channel capacity.
For CSI reports for an unlicensed carrier, we propose:
Proposal 1: Study what kind of reference symbols can be utilized for CSI measurements.
Proposal 2: At least wideband-only CSI report modes should be specified.
For scheduling resources on an ulicensed carrier, we propose:
Proposal 3: Study the reduction or removal the RBA field from the DCI for an unlicensed carrier to support wideband or distributed resource allocations.
Proposal 4: Considering that LAA should focus on large packet transmissions, the benefit of FDM vs. TDM of UEs on an unlicensed carrier needs to be evaluated.
These issues should be addressed in the TR.
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