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1 Introduction

In RAN1 #82bis meeting, the following agreements and working assumptions were reached related to CSI measurements for an LAA SCell [1]. 
Agreements:

· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12

· FFS: Aperiodic subframe case

· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM

Working assumption:

· UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe of DL transmission burst, and the UE should not assume that the CRS and CSI-RS transmission power is the same across transmission bursts

· FFS: Whether there is an issue with CSI measurements due to potential mismatch in UE’s measured subframe and eNB’s understanding of the measured subframe

· FFS: How the UE identifies whether subframes belong to the same transmission burst
In this contribution, further considerations and analysis on CSI measurements and transmission schemes are provided. 
2 CSI Measurements
As a reference, the agreements on CSI measurements achieved during LAA study are in Appendix.

2.1 Indication of CSI-RS/CSI-IM occasions

This section analyzes design options for the case that reception of NZP CSI-RS and CSI-IM are subject to LBT. We consider two cases depending on whether the potential subframes for NZP CSI-RS and CSI-IM are pre-configured or not, and the indication of the presence of NZP CSI-RS and CSI-IM for each case.

Case 1: The potential occasions for NZP CSI-RS and CSI-IM are configured in periodic subframes. 

One benefit of this case is no need to indicate the rate matching information related to the NZP CSI-RS and CSI-IM to a UE, and the UE always performs the rate matching based on the periodic configured resources for the NZP CSI-RS and CSI-IM. For this option, even if periodic subframes for NZP CSI-RS and CSI-IM transmissions are configured, a UE cannot assume the NZP CSI-RS and CSI-IM are transmitted in each configured subframe due to LBT failure of the eNB. Several methods can be considered to let the UE know when the NZP CSI-RS and CSI-IM are actually transmitted. One method is indicating to the UE the presence of NZP CSI-RS and CSI-IM in a configured subframe. However, using UE-specific signalling (e.g., uplink grant) to inform each UE is not an efficient method since it would incur too much control overhead. Considering that allowing UEs to measure at all opportunities can help better UE implementations to obtain better CSI measurements, it is better to perform the indication by a common signalling. Note that same signalling can be used if the common signalling to indicate the duration of a data burst is finally introduced [2]. Another method is relying on the UE detecting the CRS in each potential subframe configured for the NZP CSI-RS and CSI-IM. In addition, if the potential periodic subframe configured for NZP CSI-RS and CSI-IM overlaps with the DRS subframe, the UE can also detect the presence of the DRS and then assume the presence of the NZP CSI-RS and CSI-IM in the same subframe. Since the CRS based detection is the default method for the detection of a DL transmission burst, this method can be used by default by the UE for the indication of CSI-RS and CSI-IM occasions. 
Proposal 1: For configurations of NZP CSI-RS and CSI-IM in periodic subframes, the UE determines the presence of NZP CSI-RS and CSI-IM by detecting the CRS in potential subframes.
Case 2: The transmissions for NZP CSI-RS and CSI-IM are triggered in an aperiodic way outside periodic pre-configured subframes. 

This could be used in case that a large delay occurs when NZP CSI-RS and CSI-IM in multiple continuous configured occasions are not transmitted due to random backoff by the eNB, or when there is no occasion for NZP CSI-RS and CSI-IM in the beginning subframes of a data burst or in the entire data burst (e.g. in case of a short data burst). Then, aperiodic NZP CSI-RS and CSI-IM can be triggered once the eNB occupies the channel. The issue is how a UE know about the presence of the aperiodic BZP CSI-RS and CSI-IM and how the UE performs the rate matching according to the triggered NZP CSI-RS and CSI-IM. An efficient method is using a common signalling to indicate the presence of the aperiodic NZP CSI-RS and CSI-IM, then all UEs receiving the signalling can perform the CSI measurements and the scheduled UEs could perform the rate matching accordingly. 
Proposal 2: LAA should support aperiodic NZP CSI-RS and CSI-IM. UEs scheduled to receive PDSCH and UEs requested to report CSI should be informed in the same subframe by a common signalling about the resources of the NZP CSI-RS and CSI-IM. 
2.2 CSI reporting for LAA
From the network perspective, it is desirable to obtain timely CSI measurements from UEs. Typically this is obtained by periodic CSI reporting on licensed carriers, although to reduce overhead this periodic CSI may be configured with a relatively long period. When the network needs more accurate CSI, an aperiodic CSI request is sent to selected UEs. For periodic CSI report, the valid CSI reference resource is N subframes before the CSI report subframe, where N is the smallest value greater than or equal to 4. For aperiodic CSI report, the CSI reference resource is in the same subframe as the corresponding CSI request in an uplink grant. If periodic reporting of CSI is supported on an LAA SCell, the CSI reference resource could be far before the configured reporting subframe due to LBT, so the periodic reporting may be meaningless. The UE should then report a pre-configured CSI index, e.g., index #0 in case the interval between the subframe with CSI reference resource and the subframe configured for the report is larger than a pre-configured value, e.g., 160 ms that is the longest periodicity for periodic CSI report for FDD. For aperiodic CSI triggering and reporting, the current procedure with the trigger bit(s) in the uplink grant and the reference resource determination should be reused. 
Proposal 3: If periodic CSI reporting is supported for an LAA SCell, the UE should report a pre-configured CSI index (index #0) if the interval between the earliest subframe with a valid CSI reference resource and the subframe configured for the report is larger than a pre-configured value, e.g., 160 ms. 

2.3 CRS/CSI-RS power variation among transmission bursts

According to the working assumption, the CRS and CSI-RS power can be assumed by the UE to be constant over a transmission burst and it could be different across different transmission bursts. One option is only permitting the CSI measurement average within one transmission burst. Therefore, the UE should identify whether the resources of NZP CSI-RS and CSI-IM are within a transmission burst or belonging to different transmission bursts. To achieve this, one method is that the UE can automatically detect the CRS in continuous subframes to identify when a transmission burst starts and stops. However, this would not be always valid in case that for lightly loaded channel the eNB is able to transmit different bursts (with max TXOP) where the last (partial) subframe of TXOP1 is directly before the first subframe of TXOP2. Another method is that the UE can identify a transmission burst by either receiving the signalling (if introduced) indicating the duration of the burst or receiving the signalling indicating the subframe structure of the end subframe of a burst. Another option is permitting the CSI measurement average among multiple transmission bursts, for which it would be necessary to indicate the CRS/CSI-RS power, and either an absolute power value or an offset to a reference power could be indicated to the UE. The latter option is preferred to provide means for improving the CSI measurement accuracy. 
Proposal 4: Allow CSI measurement channel averaging across multiple transmission bursts by indicating the CRS power and CSI-RS power to the UEs by either an absolute power value or an offset to a reference power. 
3 Remaining issue for transmission schemes for LAA

The agreements for transmission schemes on LAA were achieved in RAN1 #82bit meeting listed as following [1]. One remaining issue is whether to support TM10 with QCL type B. 
Agreements:

· TM1, TM2, TM3, TM4, TM8, TM9, and TM10 are supported on LAA SCell from RAN1 specification point of views
· TM10 supports at least QCL type A


· FFS: QCL type B
· PQI bits are still present in DCI format 2D

· Fallback transmission schemes are supported
As we know that QCL type B assumes that the serving points are not collocated, and dynamic point selection is performed to obtain the performance gain based on the CSI measurements from at least two CSI processes associated with two serving points. However, for LAA, the LBT results would be different for different serving points which are not collocated. In this way, the gain from dynamic point selection would be reduced since the serving point may not get the channel at the appropriate time to select this point to serve the UE according to the CSI measurements. 

Proposal 5: LAA does not support TM10 with QCL type B in Rel-13. 
4 Conclusion

In this contribution, further considerations and analysis on CSI measurements and transmission schemes are provided. Finally, proposals are listed as following: 

Proposal 1: For configurations of NZP CSI-RS and CSI-IM in periodic subframes, the UE determines the presence of NZP CSI-RS and CSI-IM by detecting the CRS in potential subframes.
Proposal 2: LAA should support aperiodic NZP CSI-RS and CSI-IM. UEs scheduled to receive PDSCH and UEs requested to report CSI should be informed in the same subframe by a common signalling about the resources of the NZP CSI-RS and CSI-IM. 
Proposal 3: If periodic CSI reporting is supported for an LAA SCell, the UE should report a pre-configured CSI index (index #0) if the interval between the earliest subframe with a valid CSI reference resource and the subframe configured for the report is larger than a pre-configured value, e.g., 160 ms. 

Proposal 4: Allow CSI measurement channel averaging across multiple transmission bursts by indicating the CRS power and CSI-RS power to the UEs by either an absolute power value or an offset to a reference power. 

Proposal 5: LAA does not support TM10 with QCL type B in Rel-13. 
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Appendix

An agreement on CSI measurement and feedback was achieved at the RAN1 Adhoc meeting [3]:


· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
Further progress was made at RAN1#80bis with an agreed 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 [4]:

· 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












































































