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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]-[5].
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)
Agreements (RAN1#82):
· 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
This paper discusses further aspects on the transmission mode and CSI measurement considering LBT operation and discontinuous transmission characteristics of unlicensed carrier.

2. Transmission mode
As described in the introduction, RAN1 agreed to support both CRS-based and DMRS-based transmission schemes/modes in LAA. Considering the flexibility of network deployment and UE’s capability to support LAA, it is beneficial to support most of the existing transmission modes. However, some of the transmission modes which are overlapped with other transmission modes in its purpose may not need to be supported. Consequently, it is suggested supporting TM1, TM2, TM3, TM4, TM9 and TM10 for LAA DL as long as there is no significant specification issue.

Suggestion 1: Support TM1, TM2, TM3, TM4, TM9 and TM10 for LAA DL as long as there is no significant specification issue
3. CSI measurement
In release-12 LTE, CSI reference resource is defined as reference resource to calculate suitable CSI rather than a resource where the UE directly performs signal/interference measurement for CSI calculation. In that sense, UE can perform measurement for CSI in any subframe as long as the calculated CSI value is valid for the CSI reference resource.
In release-13 LAA, resources for CSI measurement (CRS, CSI-RS, CSI-IM, etc.) may or may not exist depending on the eNB’s DL scheduling followed by LBT operation and UE may not know the existence of CSI measurement resources unless eNB dynamically indicates it. Therefore following two approaches can be considered for CSI measurement at UE side.
Approach 1) UE assumes existence of CSI measurement resource in a subframe by a predefined rule or dynamic indication from eNB

Approach 2) UE blindly detects existence of CSI measurement resource in a subframe

Approach 1 may reduce the UE’s overhead for blind detection but CSI measurement should be restricted to a certain subframe(s), which may requires complex specifications and reduce the chance of CSI measurement in DL. For example, even if UE is mandated to measure CSI in subframe n when it is triggered with aperiodic CSI in subframe n, it cannot be guaranteed eNB succeeds transmitting CRS in subframe n via LBT operation. Moreover, if aperiodic CSI for multiple carriers are triggered in subframe n, it is not likely that eNB can succeeds transmitting CRS in subframe n in all the carriers. Therefore, some specifications or solutions are necessary to guarantee actual existence of CSI measurement resource and/or to increase the chance to measure actual CSI.
With approach 2, UE may always try to detect, for example, CRS transmission in downlink and performs CSI measurement as in Rel-12 as long as the unlicensed carrier is activated, and the UE may report the CSI when it is triggered to report CSI. UE may also detect existence of partial CSI measurement resource, for example in a partial TTI subframe and make use of it in CSI measurement depending on UE implementation.

Considering the above aspects, approach 2 seems appropriate approach as baseline of CSI measurement in unlicensed carrier while additional help/indication on the existence of CSI measurement resource may be also considered.
Suggestion 2: It is baseline UE blindly detects existence of CSI measurement resource in a subframe for LAA DL. Additional help/indication to the UE on the existence of CSI measurement resource may be also considered
4. Summary and conclusions

In this paper, we discussed further aspects on the transmission mode and CSI measurement considering LBT operation and discontinuous transmission characteristics of unlicensed carrier. The suggestions of this paper are summarized as follows.
Suggestion 1: Support TM1, TM2, TM3, TM4, TM9 and TM10 for LAA DL as long as there is no significant specification issue
Suggestion 2: It is baseline UE blindly detects existence of CSI measurement resource in a subframe for LAA DL. Additional help/indication to the UE on the existence of CSI measurement resource may be also considered
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