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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. During the LAA study item, the followings were agreed regarding CSI (discovery reference signal) for LAA DL [2]-[4].
Agreement (RAN1 LAA ad hoc):
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods

Agreements (RAN1#80bis):
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 (RAN1#81):
· 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)
This paper discusses further aspects on the design of CSI estimation and feedback considering LBT operation and discontinuous transmission characteristics of unlicensed carrier.

2. CSI support on unlicensed carrier
2.1. Transmission mode
As well as on licensed carrier, CRS can be a robust reference for synchronization and RRM on unlicensed carrier. Considering eNB operating on unlicensed carrier can support small number of antenna ports such as 1 or 2, supporting CRS based CSI measurement and data demodulation can avoid unnecessary overhead and complexity by relying only on CSI-RS and DM-RS for synchronization, RRM and data demodulation. Therefore, we suggest supporting both CRS based TM and CSI-RS/DM-RS based TM on unlicensed carrier.
Suggestion 1: Support both CRS based TM and CSI-RS/DM-RS based TM on unlicensed carrier
2.2. CSI feedback configuration
For the UE feedback of CSI of unlicensed carrier, both aperiodic feedback triggered by DCI and periodic feedback configured by RRC can be supported since UE can feedback CSI on a licensed carrier regardless whether the UE acquires channel access on unlicensed carrier or not. On the other hand, UE may not have a chance to update its CSI measurement on unlicensed carrier in a reasonable time before CSI feedback if eNB fails to transmit DL RS for CSI measurement due to LBT operation or the UE doesn’t have appropriate information on the DL RS transmission. Therefore, DL resources for CSI measurement in LAA SCell should be discussed further.
In discussing valid CSI resources, it should be considered that it was already agreed interference measurement for CSI is allowed only during the serving cell’s transmission period [2].
· CSI measurement resources for aperiodic CSI feedback

Since CSI feedback is triggered by DCI from eNB on demand, CSI measurement resources can be indicated by the CSI-triggering DCI itself or linked to the timing of CSI-triggering DCI transmission. However, it is still possible UE detects existence of appropriate RS for CSI measurement without any restriction in the CSI measurement resource as in normal CSI measurement procedure in Rel-12. Therefore, two options can be considered.

· option 1) UE can measure CSI in DL resources where it detects serving eNB’s transmission without any restriction
· option 2) UE’s CSI measurement is restricted to the DL resources which is related to the CSI-triggering DCI

Option 2) may reduce UE’s burden of blind detection of DL resource for CSI measurement while option 1) may provide network with more flexibility in aperiodic CSI triggering
· CSI measurement resources for periodic CSI feedback

Instances of periodic CSI feedback can be configured by RRC as in legacy LTE system but the UE may perform CSI measurement only for the DL resources where it detects serving eNB’s DL transmission. Similarly with aperiodic CSI case, two options can be considered.

· option 1) UE can measure CSI in DL resources where it detects serving eNB’s transmission without any restriction

· option 2) UE’s CSI measurement is restricted to the DL resources which is related to the CSI reporting time

Option 1) may provide more chance for valid CSI measurement while option 2) may provide network with more information on the validity of UE’s CSI feedback.
Especially when there is no appropriate DL resource detected for CSI measurement, the UE may report OOR or lowest rank indicator to prevent network performs DL scheduling with invalid CSI information.
Suggestion 2: Support both aperiodic CSI feedback and periodic CSI feedback for unlicensed carrier

Suggestion 3: For aperiodic CSI report, consider two options:
· option 1) UE can measure CSI in DL resources where it detects serving eNB’s transmission without any restriction

· option 2) UE’s CSI measurement is restricted to the DL resources which is related to the CSI-triggering DCI

Suggestion 4: For periodic CSI report, consider two options:

· option 1) UE can measure CSI in DL resources where it detects serving eNB’s transmission without any restriction

· option 2) UE’s CSI measurement is restricted to the DL resources which is related to the CSI reporting time
2.3. Enhancement to aperiodic CSI reporting
When a UE configured with multiple unlicensed carrier cells is triggered with aperiodic CSI feedback, there can be an ambiguity for which cells the UE should feedback CSI depending on the validity of CSI measurement resources on each cell. Moreover, UE may be able to choose only a part of the multiple unlicensed carrier cells for aperiodic CSI feedback if there is large number of unlicensed carrier cells configured.
Suggestion 5: Enhancement on the identification/selection of cells for aperiodic CSI feedback on unlicensed band should be considered
3. Summary and conclusions

In this paper, we discussed further aspects on the design of CSI estimation and feedback considering LBT operation and discontinuous transmission characteristics of unlicensed carrier. The suggestions of this paper are summarized as follows.
Suggestion 1: Support both CRS based TM and CSI-RS/URS based TM on unlicensed carrier
Suggestion 2: Support both aperiodic CSI feedback and periodic CSI feedback for unlicensed carrier

Suggestion 3: For aperiodic CSI report, consider two options:

· option 1) UE can measure CSI in DL resources where it detects serving eNB’s transmission without any restriction

· option 2) UE’s CSI measurement is restricted to the DL resources which is related to the CSI-triggering DCI

Suggestion 4: For periodic CSI report, consider two options:

· option 1) UE can measure CSI in DL resources where it detects serving eNB’s transmission without any restriction

· option 2) UE’s CSI measurement is restricted to the DL resources which is related to the CSI reporting time
Suggestion 5: Enhancement on the identification/selection of cells for aperiodic CSI feedback on unlicensed band should be considered
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