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1 Introduction

In 3GPP RAN1 #80bis，a list of design options for CSI measurements, CSI reporting, and transmission schemes for LAA are given for further discussion:
Agreements:
· 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, some of these options are discussed and our proposals are presented.
2 CSI measurement and reporting
CSI Measurements 
In legacy LTE, reference signal for CSI measurement is periodically transmitted from eNB side. For LAA, according to the LBT regulatory, it has been agreed that NZP CSI-RS transmission may be subject to LBT. Thus the actual presence or absence of NZP CSI-RS and CSI-IM in a subframe should be indicated for UE to perform measurement at correct resource locations. The design of such indication will be dependent on the potential subframes for NZP CSI-RS and CSI-IM, which is agreed to be one of the following options:
· 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
In Opt 1-A, the LAA eNB are supposed to transmit NZP CSI-RS at predefined periodic instances. If the eNB just happens to be in occupying duration, NZP CSI-RS is transmitted as expected; otherwise the eNB has to perform LBT/CCA to acquire the channel, and the NZP CSI-RS is transmitted only when the CCA succeeds. If the CCA fails, the eNB cannot transmit the corresponding NZP CSI-RS occasion. Similarly the CSI-IM is configured on periodical subframes, but it is valid only when the LAA eNB is in its transmission period. Although the actual transmissions of NZP CSI-RS and CSI-IM are not guaranteed for every periodical transmission instance in Opt 1-A, the UEs can still expect periodical NZP CSI-RS and CSI-IM as long as the UE knows that eNB is in occupying duration or transmission period. Therefore, the presences of periodic NZP CSI-RS and CSI-IM in eNB’s occupying duration need not be indicated explicitly, but implicitly indicated by LAA eNB’s occupying status. Comparing to Opt 1-B, Opt 1-A shares more common characteristics with legacy CSI-RS measurement and requires smaller signalling overhead. Opt 1-A is especially efficient if the LAA eNB can occupy the channel for relative long time, even though the occupancy is discontinuous. 
In Opt 1-B, the NZP CSI-RS and CSI-IM are configured and transmitted whenever needed without a constraint on periodicity. Specifically, the aperiodic NZP CSI-RS and CSI-IM occurring at the beginning (within the first 1 or 2 subframes) of the occupying duration or right after eNB’s acquiring of channel can be beneficial, because the UEs can be trigged to measure the CSI and to report the measurement result sooner so that the eNB is aware of accurate CSI in a short time. To make the transmission of aperiodic CSI-RS flexible and on a per-needed basis, explicit signalling may be necessary to inform the UEs of the CSI-RS pattern and resource location, e.g., L1 signalling can be used to indicate the dynamic occurrence (subframe and etc) of the aperiodic CSI-RS, while the RRC signalling can be used to indicate semi-static information such as CSI-RS port and pattern index. Compared to Opt 1-A, Opt 1-B provides higher flexibility and shorter CSI delay at a cost of signalling overhead. 
In our view, a combination of Opt 1-A and Opt 1-B, i.e., Opt 1-C, is more reasonable. The aperiodic CSI-RS can be applied at the beginning of occupying duration to allow timely CSI acquisition, while the periodic CSI-RS can be used for regular CSI measurement and report in occupying duration at the cost of less or even none indication signalling.
Proposal 1: To include Opt 1-C in TP for the potential CSI subframe.
CSI Reporting
In legacy LTE system, the UE can be either semi-statically configured by higher layers to perform periodic CSI reporting on PUCCH, or dynamically trigged by DCI to perform aperiodic CSI reporting on PUSCH. 
For LAA, the supporting to CSI reporting is dependent on the transmission opportunity of CSI. If only aperiodic CSI transmission is supported (i.e., Opt 1-B), only aperiodic CSI reporting is sufficient (i.e., Opt 2-B). On the other hand, if opportunistic periodic CSI transmission is also supported (i.e., Opt 1-C), the periodic CSI reporting should also be supported (i.e., Opt 2-A). Because periodic PUCCH cannot be guaranteed on a LAA SCell, periodic CSI reporting should rely on both PUCCH transmitted on a licensed carrier and PUCCH on an LAA SCell. Furthermore, the latest valid CSI could be reported in case UE does not have chance to measure any CSI in certain period of time. In RAN1 80bis, 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
Based on the above discussion, our preference for CSI reporting is Opt 2-A.
Proposal 2: To include Opt 2-A in TP for CSI reporting.
For the aperiodic CSI reporting on PUSCH, RAN1 identifies two possibilities for moving forward:
· 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
In both opt 3-A and opt 3-B, aperiodic CSI can be reported at least via PUSCH on licensed carrier. The difference is whether aperiodic CSI reporting can be reported on an LAA SCell. As aperiodic CSI-RS/CSI-IM/CRS is usually transmitted at the beginning of an occupying duration, and the LAA eNB will occupy the channel for a time no more than max COT limit. It is very likely that the remaining time is enough for the target UE to finish the measurement and to report the measured CSI. Moreover, aperiodic CSI reporting on an LAA SCell can save the PUSCH resource in licensed carrier. As LAA is designed to offload the DL and UL traffic of licensed carrier, it is reasonable to report CSI on the LAA SCell if possible.  
Proposal 3: To include Opt 3-A in TP for aperiodic CSI reporting. 
Transmission Schemes
In RAN1 80bis, the following two options are identified for supporting of transmission schemes:
· 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

Given there are a lot of LAA functionalities need to be finished within the Rel-13 timeline, it may not be feasible to complete functionalities for all transmission schemes or transmission modes. In that case, DMRS-based transmission scheme should be prioritized.
Proposal 4: DMRS-based transmission scheme should be prioritized over CRS-based transmission scheme.
3 Conclusion 

In this contribution, we discussed some design options for LAA CSI measurement listed in RAN1 80bis and have the following proposals:

Proposal 1: To include Opt 1-C in TP for the potential CSI subframe.
Proposal 2: To include Opt 2-A in TP for CSI reporting.

Proposal 3: To include Opt 3-A in TP for aperiodic CSI reporting. 
Proposal 4: DMRS-based transmission scheme should be prioritized over CRS-based transmission scheme.
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