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1 Introduction

Due to the sharply increased demand for wireless broadband data, unlicensed spectrum is considered by cellular operators as a complement to LTE system in licensed spectrum. However, unlicensed spectrum can never match the qualities of the licensed regime. Utilizing unlicensed spectrum as a complement to LTE platform is a possible choice for a good trade off. Therefore, in RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1].
During RAN1#80bis, the following agreements for CSI measurement and reporting for LAA were made:

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 discuss implications of these functionalities on the physical layer for LAA, specifically the design and potential enhancements of CSI measurement and feedback. 
2 CSI Measurement Aspects for LAA
We discuss several CSI measurement aspects for LAA in this section. 
2.1 TM support
One issue for transmission of a LAA cell is how many transmission modes need to be supported. If CRS as on the legacy system is still present in a LAA subframe, it is possible all TMs could be supported and CRS based CSI measurements are needed. Otherwise, possibly only TM 10 needs to be supported, and CSI measurement based on CSI-RS and CSI-IM are required. A related issue is the support of MBSFN subframe configuration support for DL LAA transmissions.
Proposal 1: LAA design should consider support for both CRS-based and CSI-RS-based transmission modes.
2.2 CSI-RS measurement and reporting
When measuring CSI on a given target cell of a unlicensed carrier, a UE may measure a subframe in one of the following states or types:
1. ON: The serving or target cell is transmitting in this subframe and it may contain one or more signals for measuring CSI at predetermined (or configurable) locations including CRS, CSI-RS, DRS, and/or a new RS introduced for LAA.
2. CONTENTION: Due to LBT/CCA operation, no transmissions from the target or interfering cells are detected for the purpose of CSI measurement.
3. OFF (IDLE): In this state, cell(s) other than the serving or target cell are transmitting which may reflect ON duration interference (if due to hidden node transmissions outside of the LBT/CCA threshold) or may indicate the current set of contending nodes which would not be transmitting during the ON duration due to the LBT protocol.

In order for the network to utilize measurements made on the different subframes, the LAA CSI framework should allow the LAA UE to make measurements such that they can be either restricted to the same type, or allow the network to appropriately interpret /map the UE reports to a given type. One agreement was reached during the Paris to support  measurement restriction on an unlicensed carrier:
Agreement:
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
Additionally, multiple potential LAA carriers may be configured for a UE which exceed the CA capability (e.g. 10 20MHz carriers, for a UE with 2 CC capability on 5GHz band). In this case a scalable, efficient, and adaptive framework for CSI measurement across the multiple carriers would be beneficial to support opportunistic channel access and low latency for data scheduling based on up-to-date CSI feedback. 
In this case, how CSI measurement is triggered and reporting conditions may be different from the existing framework for licensed carriers. For example, the timing of valid CSI reference subframes for channel measurements may be relative to the availability of an ON duration or may be independent in the case of interference measurements. Mechanisms for the network to indicate resources for CSI measurement as well as reporting conditions (e.g. measurement thresholds) and priority rules are possible solutions to accommodate opportunistic channel access and dynamic interference levels. In addition, the efficiency of the triggering mechanism for aperiodic CSI reporting should also be studied since the availability of reports from multiple cells on unlicensed carriers will be subject to LBT.   
Proposal 2: Enhancements to CSI measurement triggering and reporting conditions to reflect the opportunistic channel access and dynamic interference should be further studied for LAA.
2.3 CSI-RS transmission opportunities
For licensed carriers, CSI reporting is periodic or aperiodic. However for LAA there are unique challenges for the network to acquire timely CSI feedback. For example, the RS utilized for CSI measurement may need to be transmitted with very low density or is transmitted only opportunistically when the eNB successfully acquires the channel satisfy regulatory requirements such as LBT. If the eNB fails to access the channel with sufficient frequency, the reported CQI, especially periodic CQI, could be outdated and not useful for the network. The same also applies for interference measurements which may additionally need to be differentiated depending on the network state as mentioned in the previous section. Two examples of potential enhancements are to extend the function of DRS [2] for CSI measurement and to support aperiodic CSI-RS transmissions with and without concurrent data transmissions. Explicit or implicit indication of the presence of CSI-RS/CSI-IM should also be considered. Besides, aperiodic CSI-RS/CSI-IM resource arrangement and the impact of aperiodic CSI-RS/CSI-IM resource on the rate matching of control signaling as well as PDSCH should also be studied.    
Proposal 3: Extending the function of DRS for CSI measurement and support of aperiodic CSI-RS transmissions with or without concurrent data transmissions should be further discussed.
3 Conclusions
In this contribution, we discussed the impact of regulatory requirements and desired functionalities for LAA on CSI measurement and feedback. Evaluations are necessary in order to understand if potential enhancements are beneficial or required for LAA and to quantify the potential gain. 
The following proposals are made:

Proposal 1: LAA design should consider support for both CRS-based and CSI-RS-based transmission modes.

Proposal 2: Enhancements to CSI measurement triggering and reporting conditions to reflect the opportunistic channel access and dynamic interference should be further studied for LAA.
Proposal 3: Extending the function of DRS for CSI measurement and support of aperiodic CSI-RS transmissions with or without concurrent data transmissions should be further discussed.
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