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1. Introduction

In RAN1#78bis [1], Listen-before-talk (LBT) and Discontinuous transmission on a carrier with limited maximum transmission duration were agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [2].
In RAN1 ad-hoc meeting held in March 2015 [3], the following was agreed regarding interference measurement for CSI estimation to reflect the discontinuous transmission behaviour on unlicensed carrier.

	Agreement:
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods


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 URS for synchronization, RRM and data demodulation. Therefore, we suggest supporting both CRS based TM and CSI-RS/URS based TM on unlicensed carrier.
Suggestion 1: Support both CRS based TM and CSI-RS/URS 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 considered 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, identification of valid CSI resource at UE side is an issue to be studied for CSI feedback on unlicensed carrier.
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.
· Valid CSI resources for aperiodic CSI feedback

Since CSI feedback is triggered by DCI from eNB on demand, valid CSI resources can be indicated by the CSI triggering DCI itself or linked to the timing of DCI transmission. However, some flexibility on, e.g., the rule of valid CSI subframe decision may be necessary to allow some degree of freedom to the eNB scheduler for aperiodic CSI triggering.
· Valid CSI resources for periodic CSI feedback

Instances of periodic CSI feedback can be configured by RRC as in legacy LTE system but the UE may transmit CSI feedback only when it identifies that eNB has occupied channel so that CSI resources linked to the CSI feedback timing are present (valid). Valid CSI resources for periodic CSI feedback can be identified by following approaches
· UE blindly detects serving eNB’s channel occupation by detecting, e.g., DL scheduling DCI, DRS transmission, etc.

· eNB indicates valid CSI resources explicitly by L1 signaling

Similarly with the aperiodic CSI case, some flexibility on, e.g., the linkage between CSI feedback timing and the corresponding CSI resources may be necessary to increase the chance of actual periodic CSI feedback.
Suggestion 2: Consider both aperiodic CSI feedback triggerd by DCI and periodic CSI feedback configured by RRC for unlicensed carrier
· For aperiodic CSI feedback, valid CSI resources can be indicated by the CSI triggering DCI itself or linked to the timing of the CSI triggering DCI transmission

· For periodic CSI feedback, UE may transmit CSI feedback when it identifies presence of valid CSI resource linked to the configured CSI feedback timing. UE may identify presence of valid CSI resources by:

· detection of serving eNB’s channel occupation by detecting, e.g., DL scheduling DCI, DRS transmission, etc.

· serving eNB’s explicit indication of valid CSI resources by L1 signaling

2.3. Enhancement to CSI-IM

While CSI-IM resource occupies only two symbols in a subframe in current LTE specifications, interference measurement from a single CSI-IM resource may not reflect correct statistics of interference due to fast interference variation even within a subframe. A simple solution is to distribute CSI-IM over more OFDM symbols in a subframe.

Suggestion 3: In LAA, it should be considered to introduce CSI-IM over more than 2 OFDM symbols in a subframe.
2.4. DL CoMP

On unlicensed carrier, dynamic coordination of joint transmission or selective transmission between neighbour cells may be difficult even assuming ideal backhaul between neighbour cells due to the nature of transmission decision based on LBT. On the other hand, if realized, coordinated transmission between neighbour cells on unlicensed carrier may provide benefits of efficient radio resource utilization by, e.g., enhancing the chance of data transmission to a target UE by coordinated LBT operation.
Suggestion 4: Further study is necessary on whether and how to support CoMP operation in LAA DL.
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: Consider both aperiodic CSI feedback triggerd by DCI and periodic CSI feedback configured by RRC for unlicensed carrier
· For aperiodic CSI feedback, valid CSI resources can be indicated by the CSI triggering DCI itself or linked to the timing of the CSI triggering DCI transmission

· For periodic CSI feedback, UE may transmit CSI feedback when it identifies presence of valid CSI resource linked to the configured CSI feedback timing. UE may identify presence of valid CSI resources by:

· detection of serving eNB’s channel occupation by detecting, e.g., DL scheduling DCI, DRS transmission, etc.

· serving eNB’s explicit indication of valid CSI resources by L1 signaling

Suggestion 3: In LAA, it should be considered to introduce CSI-IM over more than 2 OFDM symbols in a subframe.
Suggestion 4: Further study is necessary on whether and how to support CoMP operation in LAA DL.
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