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1 Introduction
In RAN#69, it was approved to introduce LAA into a LTE system as new WI in Rel-13 [1]. The following is the objective related to the CSI measurement and reporting for LAA in Rel-13.

· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)
In RAN1#80bis and RAN1#81, the following agreements on the CSI measurement and feedback were reached [2].  
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

Agreements:
· Aperiodic CSI reporting can be carried on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell
· If the PUSCH containing aperiodic CSI is scheduled on LAA SCell and cannot be transmitted in the scheduled subframe on the scheduled carrier, the aperiodic CSI based on the same scheduling grant is not transmitted in another subframe or another carrier
· Otherwise, it is recommended to follow the existing mechanism in CA for aperiodic CSI reporting (if no issue will be identified), including potential additional Rel-13 CA enhancement(s) if no issue is identified for using Rel-13 CA enhancement(s)
Agreements:
· Support CRS-based and DMRS-based transmission schemes/modes in LAA
· FFS whether and how to handle power fluctuation and discontinuous transmission

· FFS which transmission schemes/modes are supported
In this contribution, further considerations and proposals on the CSI measurement and feedback are provided.
2 Discussion
The discussion on what TM(s) is supported in LAA is closely associated with CSI measurement method with presence of reference signals. For example, in TM 9, non-zero power (NZP) CSI-RS is used for channel measurement, and interference measurement is performed by CRS. Meanwhile, in TM 1-8 CRS is used for both channel measurement and interference measurement. Additionally in TM10, CSI-IM has been introduced for interference measurement, in addition to channel measurement by NZP CSI-RS. 
In LAA, the discussion on CSI measurement is whether CRS is also supported or not, in addition to NZP CSI-RS/CSI-IM. For that, while CRS can basically provide robust CSI measurement due to the wider transmission time and bandwidth during allowed transmission time which may be subjected to LBT, the some negative effects such as CRS overhead, inter-cell interference etc. should be also carefully considered. Furthermore, if the TM 10 specific features e.g. NZP CSI-RS and CSI-IM for the CSI measurement are only supported in LAA, it may restrict the support of variable types of the LAA UEs in the unlicensed cell and finally mandate TM 10 specific features to all the LAA UEs. In RAN1#82, since CRS-based and DMRS-based transmission schemes/modes in LAA was agreed, it is natural and desirable to support CRS-based CSI measurement in LAA on top of CSI-RS based CSI measurement.
Proposal 1: Both CRS based and CSI-RS based CSI measurement are supported in LAA.
2.1 On CSI reference resource 

On the topic of the CSI reference resource presence from the UE perspective, for the periodic RS presence in the agreement above, it means that the RS is assumed to be present periodically, but the actual presence would be based on LBT result. For the aperiodic RS presence, LAA eNB shall indicate the presence subjected to LBT result. In this case, since the RS presence is dynamically signalled to UEs, there are likely additional some specification works for example, how to perform the rate matching for UEs which does not require CSI measurement when decoding PDSCH/EPDCCH in same carrier/subframe. If the additional specification works is not necessarily considered, the RE positions corresponding to the RS shall be punctured which means the spectral efficiency in LAA will be compromised.
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Figure 1: Actual RS presence via predetermined information + DL transmission burst information
For RS presence signalling, first option is that the presence of RS in a subframe is implicitly indicated via the combined information about DL transmission burst duration subjected by LBT and RRC configuration for the RS (e.g. CSI-RS periodicity/offset). In this option, the indication of DL transmission burst is necessary to let UEs know which DL subframes are used to monitor the periodic RS based on RRC configuration or pre-determined knowledge as discussed in [4]. In addition, it can help UEs to blindly detect scheduling information within only DL transmission burst duration and accordingly reduce the UE power consumption to monitor PDCCH/EPDCCH over the unlicensed carrier only in actual available DL subframes. Also, it could allow for CRS-based fine synchronization, periodic CSI reporting and CSI/RRM measurement to the UEs during TXOP in the unlicensed carrier. Therefore, once the UE know the TXOP duration for the DL transmission burst, there would be no need to dynamically and aperiodically signal the RS presence for the CSI measurement in unlicensed spectrum as shown in Figure 1. 
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Figure 2: Actual RS presence via only UE specific signalling
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Figure 3: Actual RS presence via eNB's signalling + predetermined information
Second option is that the presence of RS in a subframe is explicitly indicated via eNB's dynamic signalling only. For this option, the main difference compared to the first option (i.e. periodic RS presence) is to require the eNB's signalling with dynamic and aperiodic manner for the UEs and the TXOP is transparent to the UEs as shown in Figure 2. One possible signalling method for the RS presence is to use an UL grant on the SCell for which the aperiodic CSI reporting is triggered [3]. In this signalling, if the UL grant is sent on a different carrier than the one aperiodic CSI reporting is triggered on, it may not be possible to transmit the RS in the intended subframe due to very tight processing time between the time after eNB has occupied and the transmission time of the UL grant on a different cell. Therefore, within this option, it is preferred to send UL grant on the unlicensed carrier for which the aperiodic CSI reporting is required. However, due to large amount of available CSI-RS configurations, it is very difficult to include those CSI-RS configurations into a DCI message. Moreover, an additional disadvantage on signalling the UL grant for the RS presence is potential (E)PDCCH signalling overhead. 
In that sense, the hybrid way to avoid the potential problem from only the UE specific signalling can be considered. In other words, the RS presence can be indicated in the subframe where UL grant is received, together with pre-determined information as shown in Figure 3. In this case, there may be no need to inform the UEs of TXOP (i.e. channel occupancy time) compared to the first option. That is, the UE who receives corresponding dynamic signalling (either UL grant or common signalling) can determine actual RS presence according to the combined information by the signalling and predetermined information (either RRC configuration or predefined parameter). Also, it can be further considered how many the RS presence will be occur during DL transmission burst
In summary, there are trade-off across three options to recognize the actual RS presence to the UEs, in terms of the specification impact, signalling overhead, flexibility of the RS occasion and so on. Considering all of design aspects we discussed, it is preferred to firstly consider either information about DL transmission burst with predetermined information or the eNB's signalling with predetermined information, rather than second option (i.e. UE specific signalling only).
Proposal 2: For indication of actual RS presence in LAA, following options shall be firstly considered.
· Option 1. By information about DL transmission burst and predetermined information or 

· Option 2. By eNB's signalling and predetermined information
Considering current CSI-RS/CSI-IM periodicity (i.e. minimum 5ms) and maximum channel occupancy time in Japan (i.e. 4ms), shorter periodicity for CSI-RS/CSI-IM can be considered, in order to provide sufficient number of CSI-RS/CSI-IM occasions during DL transmission burst. Since eNB can freely control the number of RS presence during DL transmission burst, the RS overhead would not be big problem. 

Proposal 3: Introduce shorter periodicity (lower than 5ms) for NZP CSI-RS/CSI-IM in LAA.
2.2 CSI reporting
In RAN1, there have been two options on the CSI reporting for a LAA SCell, i.e. LAA supports for both aperiodic and periodic CSI reporting for a LAA SCell or LAA supports only for aperiodic CSI reporting. So, the discussion point is whether periodic CSI reporting is also supported for LAA SCell or not. For the issue, there are some potential useful cases where aperiodic CSI triggering and/or reporting may be difficult due to busy channel in unlicensed carrier or heavy congestion in control resources (e.g. (E)PDCCH) especially when cross-carrier scheduling is configured by licensed carrier with larger amount of unlicensed carriers. Also, if eNB can get the basic channel status of the UEs from periodic CSI reporting regardless whether eNB has data to transmit, the eNB can make at least robust scheduling decision once it immediately gets the channel at very first subframe like partial subframe. Moreover, if the RS presence is in advance known by the UE during the DL transmission burst (e.g. in Figure 1), the periodic CSI reporting by the UE can be well performed.  So, periodic CSI reporting in LAA SCell can provide better scheduling decision to the eNB, in addition to aperiodic CSI reporting.
Proposal 4: Both periodic and aperiodic CSI reporting should be supported in LAA as in LTE.
3 Conclusion

In this contribution, we discussed CSI measurement and report and TM in LAA. The above discussion is summarized with the following proposals:
Proposal 1: In addition to CSI-RS, CRS based CSI measurement could be additionally considered in LAA if justified by further evaluation and analysis in RAN1.
Proposal 2: For indication of actual RS presence in LAA, following options shall be firstly considered.

· Option 1. By information about DL transmission burst and predetermined information or 

· Option 2. By eNB's signalling and predetermined information
Proposal 3: Introduce shorter periodicity (lower than 5ms) for NZP CSI-RS/CSI-IM in LAA.

Proposal 4: Both periodic and aperiodic CSI reporting should be supported in LAA as in LTE.
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