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1 Introduction
Several sets of agreements for CSI measurements and reporting have been made during the RAN1#80bis meeting [1].

Agreements:
Below is a list of design options for CSI measurements, CSI reporting, and transmission schemes for LAA, for the case that LAA supports the transmission of CRS and/or CSI-RS and/or CSI-IM.

· For the purpose of CSI measurement, if LAA supports CSI measurements on CSI-RS and CSI-IM (or only CSI-RS for TM9)

· NZP CSI-RS transmission may be subject to LBT

· The presence of NZP CSI-RS and CSI-IM in a subframe is indicated implicitly or explicitly
· Note: indication may or may not involve signaling
· Potential subframes for NZP CSI-RS and CSI-IM:

· Opt 1-A: The potential subframes may be occurring periodically from UE perspective

· Opt 1-B: The potential subframes may be occurring aperiodically from UE perspective

· Opt 1-C: a combination of opt 1-A and opt 1-B
· Note: same or different options for NZP CSI-RS and CSI-IM is not precluded
· For the purpose of CSI measurement, if LAA supports CSI measurements on CRS

· CRS transmission may be subject to LBT

· The presence of CRS in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling
· The following CSI reporting options have been identified

· Opt 2-A: Support for both aperiodic and periodic CSI reporting for an LAA Scell

· Opt 2-B: Support only for aperiodic CSI reporting for an LAA SCell
· For aperiodic CSI reporting:
· Opt 3-A: Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell
· Opt 3-B: Aperiodic CSI can only be reported on PUSCH on a carrier in licensed spectrum
· The following options for supported transmission schemes have been identified

· Opt 4-A: DMRS-based demodulation and CRS-based demodulation for PDSCH

· Opt 4-B: Only DMRS-based demodulation for PDSCH

· Further down selection of the supported transmission schemes is possible for the options above

In this contribution we try to identify further possible down-selections based on these sets of agreements. 
2 Discussion
We start the discussion with expressing our view on support of the CRS-based CSI measurement. In general in the context of discontinuous transmission on the LAA SCell, the legacy CRS does not exist as in previous releases. In fact the CRS can be present only in the subframes that transmission is allowed. This implies that the demodulation performance of the applicable transmission modes would change due to the fact that the CRS can no longer be assumed to be interpolated in time. More detailed analysis is provided in our companion contribution [2] where we motivate that only DMRS-based transmission and in particular only TM10 should be supported and therefore in the context of this contribution the CSI measurements based on CRS in not supported for an LAA SCell.

Proposals:

· For the purpose of CSI measurement, LAA does not support CSI measurements on CRS.

· For the purpose of CSI measurement, LAA supports CSI measurements on CSI-RS and CSI-IM.

In the remaining part of the contribution we discuss further the aspects that should be considered for CSI measurements functionality based on CSI-RS and CSI-IM in order to be beneficial for operation in unlicensed spectrum. 

The CSI-RS framework is a UE specific framework, i.e. a specific UE is not aware of other UEs CSI-RS. Furthermore, the CSI-RS are configured currently by a specific periodicity and offset. In addition there are three CSI processes defined for CSI measurements. How many CSI processes the UE supports is part of the UE capability. The UEs not measuring on the CSI-RS would be configured with ZP-CSI-RS at those occasions and the PDSCH/EPDCCH mapping should function without any clear drawbacks. The same approach is also used for CSI-IM.

On the topic of the periodic or aperiodic CSI-RS presence from the UE point of view, we consider first the case of allowing aperiodic presence of CSI-RS. In this scenario the eNB would indicate to the UE in some form that the CSI-RS is present in the corresponding subframe. Note that this needs to be done for both ZP-CSI-RS and NZP CSI-RS. Furthermore, the same principle applies for CSI-IM as well, as it would be needed to be indicated to the UE. In this case, for every UE that is scheduled in DL the eNB would need to indicate ZP-CSI-RS for all the used REs. Currently the amount of available CSI-RS configurations is too large to be included in a DCI message, hence to make this approach feasible some down-selection needs to be done where either way, i.e. the additional overhead in DCI message or limitation on possible CSI-RS configurations, would compromise the system performance. If the ZP CSI-RS is not informed to the UE it will result in the need for large set of punctured resources on EPDCCH and PDSCH.
Therefore the simplest and most reliable appraoch is that the UE assumes that the ZP CSI-RS, etc. are configured and transmitted periodically as in Rel-12. Hence not only the risk on differnet assumptions between eNB  and UEs is avoided but also the DCI message capacity or allowable number of CSI-RS configurations are not compromised. At the same time the UE can only perform measurements on NZP CSI-RS and CSI-IM if the eNB has been successful with the LBT and due to this it clear that the availablility of such resource would in practice be aperiodic.
Proposals:
· ZP-CSI-RS, NZP-CSI-RS and CSI-IM are periodically configured.
· NZP-CSI-RS and CSI-IM are aperiodically present subject to LBT.
On the topic of periodicity of the CSI-RS occasion, the UE would need to be configured with a rather short periodicity of CSI-RS per CSI process as the eNB can not guarantee to succeed with LBT or occupying the channel for a longer periodicity corresponding to CSI-RS configuration. More specifically there is a relationship between the transmission burst used by the eNB and the CSI-RS configuration. If the periodicity of the CSI-RS can ensure that a single CSI-RS occasion is within a transmission burst that the eNB operates on, the CSI-RS can occur at any time occasion within the transmission burst. The currently defined CSI-RS preiodicities are 5, 10, 20, 40 and 80 ms. The mainly considered transmission duration values in the LAA design are currently 4 and 10 ms. A CSI-RS with a periodicity of 5 ms can be supported with a transmission duration of 10 ms. This assumes that the CSI-RS can occur in any subframe within the transmission duration. It is worth noting here that DwPTS does not support CSI-RS configurations so that, if the last DL subframe is corresponding to a DwPTS subframe, a CSI-RS configuration for such a subframe needs to be defined. For a transmission duration of 4 ms, a new tighter periodicity of CSI-RS needs to be introduced. This is to ensure that there is a CSI-RS occasion available for the UE to measure on. The UEs not measuring on the CSI-RS would be configured with ZP-CSI-RS at those occasions and the PDSCH/EPDCCH mapping should function without any clear drawbacks. The same approach can also be used for CSI-IM.

Proposal:

· Introduce a CSI-RS periodicity of 4 ms.
It is assumed that the interference conditions may be very variable on an LAA SCell over time. At the same time, the scenario that is considered is a very low mobility scenario. The underlying spatial properties and channel quality (if the interference conditions are excluded) is hence rather static over time. Moreover, it is assumed that the LAA SCell will mainly be used to expand the data rate, i.e. if the eNB has large amount of DL data to schedule to the UEs the eNB will utilise the LAA SCells. Consequently, the LAA SCell will be used for a significant amount of time before the eNB has emptied its transmission buffer. Due to this, it is unlikely that the eNB will activate LAA SCells without scheduling data on them for a long period of time. 

Periodic CSI reports are mainly used to get a good starting point for the link adapation. When data is being contintuously scheduled, the resolution of the periodic CSI report is not good enough for reliable scheduling of high date rate. In addition, the reliable transmission of reference signals for CSI in a periodic manner on the unlicensed band will not be possible due to the potential lack of access to the channel. Due to all of the above reasons the most practical approach would be to rely only on aperiodic CSI reports for an LAA SCell.

Moreover, the interference conditions may be varying quite a lot over a short amount of time in the unlicensed spectrum as the amount of available spectrum maybe very large. Therefore, it is desirable to support a lightweight aperiodic CSI report, e.g. wideband-only aperiodic CSI report to maintain a reasonable aperiodic CSI payload.

Proposals:
· Periodic CSI reports support is not needed.

· Support wideband-only aperiodic CSI report.
In case the UL grant is sent on the SCell that the aperiodic CSI report is triggered for, it is easy for the eNB to ensure that CSI-RS is transmitted together with the UL grant. If, however, the UL grant indicates an aperiodic CSI-RS report for a different cell than the one the UL grant is sent on, it may not be possible to transmit NZP CSI-RS in the configured subframe for CSI-RS. One possible reason could be that after the eNB has occupied the channel a very short processing time is available between the successful LBT on the carrier for which reporting is to be done and the transmission time of the UL grant on a different carrier. Another possibility is that the eNB has failed to access the channel due to unsuccessful LBT. In such cases the eNB would discard the corresponding aperiodic CSI report and it preferred that the UE does not affect other measurements with such noisy measurements. It may further be possible that the UE implicitly detects the presence of the CSI-RS for such situations.
Moreover, there is a risk that the transmisison from two different entities, either eNBs, UEs, STAs or APs, collide over the air. If the UE in such an occasion measures on a NZP CSI-RS and CSI-IM the measurement would be very noisy and not represent the general conditions of the channel. Within the current LTE design it is allowed for the UE to average CSI-RS and CSI-IM measurements across different CSI-RS and CSI-IM occasions. If this occurs in the above situation, the measurement error will propagate in time and would not correspond to the actual CSI at the time of a successful transmission. It is therefore preferred to limit CSI-RS and CSI-IM measurements to a single NZP CSI-RS and CSI-IM occasion and not allow averaging over time.

Proposal:

· CSI measurements are only based on one NZP-CSI-RS and CSI-IM occasion.
Due to the LBT function, limited channel occupancy time and unpredictability of the channel condition in unlicensed spectum, there is a need for the CSI reporting to be as updated as possible and also for the delay between the trigger for aperiodic report and the presence of the CSI-RS (if available due to LBT) to be minimized. Furthermore, given that the UE does not combine measurements over several NZP-CSI-RS and CSI-IM occasions, it would be possible for the UE always measure and simply report its latest report. However, one possible power saving technique to utilize is that the UE would only perform the measurement when it is supposed to report CSI for a specific cell.
Proposal:

· An aperiodic CSI report for an indicated LAA SCell trigerred by an UL grant should be based on the NZP-CSI-RS and CSI-IM in the same subframe as the UL grant subframe.

Finally it is beneficial to not limit the aperiodic reporting on a licensed carrier and utilize the LAA SCells as well. One simple motivation is that in the long term the amount of spectrum used in the unlicensed band may be much larger than the amount of licensed spectrum. Allowing CSI reporting on a carrier in unlicensed spectrum would hence reduce the load on carriers in the licensed band. More details are avaialbe in our companion contribution [3].
Proposal:

· Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell.
3 Conclusion

In this contribution CSI measurements for an LAA SCell were discussed and based on the discussion in the contribution, the following are proposed:
Proposals:

· For the purpose of CSI measurement, LAA does not support CSI measurements on CRS.

· For the purpose of CSI measurement, LAA supports CSI measurements on CSI-RS and CSI-IM.

· ZP-CSI-RS, NZP-CSI-RS and CSI-IM are periodically configured.

· Introduce a CSI-RS periodicity of 4 ms

· Periodic CSI reports support is not needed.

· Support wideband-only aperiodic CSI report.
· CSI-RS and CSI-IM measurements are only based on one CSI-RS and CSI-IM occasion
· An aperiodic CSI report for an indicated LAA SCell trigerred by an UL grant should be based on the NZP-CSI-RS and CSI-IM in the same subframe as the UL grant subframe.
· Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell.
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