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Introduction
How to use unlicensed spectrum in combination with licensed spectrum [1] is studied and the outcome of the study is described in [3]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks. In order to support the LAA as an SCell, work item on Licensed-Assisted Access to Unlicensed Spectrum is approved with objectives described in [2], including:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)

In order to support DL transmission in unlicensed spectrum, meeting the regulatory requirements, we will discuss on the possible LAA operation focusing on the channel state information measurement and report procedure. We also propose to configure the CSI measurement and report. 

CSI measurement for LAA
According to CSI-RS subframe configuration [4], a UE can be informed the presence of the CSI-RS/CSI-IM in a subframe based on the CSI-RS subframe configuration. To inform the subframe containing CSI-RS, the CSI-RS is included when the following condition is met:


, where 
·  is the CSI-RS periodicity (subframes), i.e., 5,10,20,40,80msec
·  is the CSI-RS subframe offset (subframes) and determined based on the  (CSI-RS- SubframeConfig) and 

However, in the LAA SCell, CSI measurement on CSI-RS and/or CSI-IM is performed in the time durations when the serving cell is transmitting during the COT. In addition, due to the limited maximum transmission duration (especially 4msec in Japan) and the CSI-RS periodicity (, i.e., 5, 10, 20, 40, 80msec), it is beneficial that a UE avoids performing the measurement on the un-occupied channel time duration even in the configured subframe. 

In order to configure the CSI-RS subframe, following options are considerable:
· Reused current CSI-RS subframe configuration defined in [4].
· Figure 1 shows an example of reused CSI-RS subframe configuration defined in [4] in LAA SCell. As shown this example, if the channel is not occupied but the CSI-RS is configured in that time (i.e., configured subframes), the UE does not perform the CSI measurement. 

· Re-defined CSI-RS periodicity for LAA as
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· Figure 2 shows an example of re-defined CSI-RS periodicity less than the maximum allowed channel occupancy time in LAA SCell. In this option, at least one CSI-RS is configured during the COT. However, as shown this example, if the channel is not occupied but the CSI-RS is configured in that time (i.e., configured subframes), the UE does not perform the CSI measurement. 

· Re-defined CSI-RS subframe configuration, where the CSI-RS subframe offset during the COT
· Figure 3 shows an example of re-defined CSI-RS subframe offset in LAA SCell. In this option, at least one CSI-RS is configured during the COT and the UE performs the CSI measurement only in the COT without any exceptional procedure of the un-occupied time as shown Figure 1 and Figure 2. 

Observation: In LAA SCell, if the CSI-RS/CSI-IM is configured in the un-occupied time, CSI measurement shall not be performed in that configured subframe. 

Proposal1: In LAA SCell, a UE, configured CSI measurement, assumes that CSI-RS/CSI-IM is only configured in the COT, and the UE performs the CSI measurement in the COT. 
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[bookmark: _Ref427314828]Figure 1 – Reused Rel-12 CSI-RS subframe configuration (if the channel is not occupied, CSI measurement is not performed in the configured subframes)

[bookmark: _Ref427315004][image: ]Figure 2 – Re-defined CSI-RS subframe configuration less than the maximum allowed channel occupancy time (if the channel is not occupied, CSI measurement is not performed in the configured subframes)

[bookmark: _Ref427316262][image: ]Figure 3 – Re-defined CSI-RS subframe configuration with the CSI-RS subframe offset from the start subframe (time) of channel occupancy (CSI measurement is performed only if channel is occupied)

Meanwhile, in LAA SCell, due to the discontinuous transmission with limited maximum transmission duration, a subset of OFDM symbols in DL subframe (called partial subframe) is considered as a possible PDSCH [3].  In general, the first and/or the last PDSCH in the COT could be formed as a partial subframe. In addition, the number of OFDM symbols for the partial subframe can be variable due to the undefined (or uncertain) CCA timing and CCA slots, and the CSI-RS may or may not be included in the first and/or the last subframe. Therefore, the CSI-RS subframe configuration shall be defined carefully considering the partial subframe, and the possible options are:
· CSI-RS/CSI-IM is not configured in the partial subframe
· CSI-RS/CSI-IM is configured in the partial subframe 

If the configured subframe for CSI-RS/CSI-IM is the partial subframe, the UE may/may not perform the CSI measurement based on the length of the partial subframe as well as configuration. To support at least one CSI-RS/CSI-IM configuration as well as CSI measurement during COT, configured in the partial subframe may be precluded.

Proposal2: In LAA SCell, for the at least one CSI measurement, CSI-RS/CSI-IM shall be configured during the COT, and CSI-RS/CSI-IM. A UE, configured to perform CSI measurement in LAA SCell, assumes that the CSI-RS/CSI-IM is not configured in the potential partial subframe (i.e., first/last subframe) during the COT.

CSI measurement report for LAA
In LAA SCell, periodic/aperiodic CSI report and/or aperiodic only CSI report are identified as options for the CSI report [3]. In the DL only service in unlicensed spectrum, it is clear that CSI report is delivered via licensed carrier which is always available. Therefore, periodic CSI report as well as aperiodic CSI report is applicable for the DL only service as well as DL/UL service in unlicensed spectrum. However, due to the discontinuous transmission with limited maximum transmission duration, periodic CSI measurement report may have uncertain CSI (e.g., outdated CSI or no measured CSI; see Figure 4.). To avoid those uncertain CSI report, when the CSI is measured during the COT, the UE can report the CSI measurement result in PUCCH at the specific time as shown in Figure 5 or scheduled time by UL Grant as a part of PUSCH.

Proposal3: A UE, configured to perform CSI measurement on LAA SCell supporting DL only, transmits CSI report in PUCCH or PUSCH via licensed spectrum.
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[bookmark: _Ref427319290]Figure 4 – Periodic CSI report (some CSI report may include uncertain CSI)
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[bookmark: _Ref427323426]Figure 5 – Configured periodic CSI report (if the channel is occupied and measured CSI is reported at the configured subframe with Noffset,CQI from the COT(e.g., initial signal))

Conclusion
In this contribution, we discussed about the CSI measurement and report and observed: 

Observation: In LAA SCell, if the CSI-RS/CSI-IM is configured in the un-occupied time, CSI measurement shall not be performed in that configured subframe.

In addition, to support the CSI measurement and report for LAA, we propose:

Proposal1: In LAA SCell, a UE, configured CSI measurement, assumes that CSI-RS/CSI-IM is only configured in the COT, and the UE performs the CSI measurement in the COT. 
 
Proposal2: In LAA SCell, for the at least one CSI measurement, CSI-RS/CSI-IM shall be configured during the COT, and CSI-RS/CSI-IM. A UE, configured to perform CSI measurement in LAA SCell, assumes that the CSI-RS/CSI-IM is not configured in the potential partial subframe (i.e., first/last subframe) during the COT.

Proposal3: A UE, configured CSI measurement on LAA SCell supporting DL only, transmits CSI report in PUCCH or PUSCH via licensed spectrum.
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