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1. Introduction

The WID for "New Work Item on Licensed-Assisted Access to Unlicensed Spectrum" [1] was approved in RAN#68. During the associated SI phase, design targets for LAA were discussed and several agreements on CSI measurement and reporting were made. In RAN1#80bis, design target for CSI measurements for LAA were listed as the following [2]:
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In addition, it was agreed in RAN1#81 that aperiodic CSI reporting can be carried on PUSCH transmitted on any type of serving cells [3].
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  In this contribution, we provide our views on CSI measurement, CSI reporting, and transmission schemes for LAA. 
2. CSI measurement on LAA carrier 
In the existing LTE system, although channel measurement based on a single subframe could bring sufficient accuracy in some scenarios, interference measurement is designed to be performed across subframes, so that CSI measurement results reflect other nodes’ potential occupancy with adequate accuracy. For LAA, on the contrary, it has been proposed that CSI measurement within a single subframe is sufficient under all circumstances. However, even in LAA cells, frequency reusing is a key feature to achieve high frequency efficiency, which means the CSI measurement results for LAA SCell should still reflect other LAA nodes’ occupancy with adequate accuracy. Therefore, it should still be essential that UEs average interference across subframes, i.e. one shot CSI measurement is not supported.
Proposal 1:
· One shot CSI measurement is not supported.

In RAN1#81, some companies proposed that LAA DRS can provide the functionality of CSI measurement. While it is certainly true that Rel-8 CRS used to be utilized for both RRM and CSI measurements, as mentioned above, CSI measurement should be affected by the neighbouring nodes’ real data traffic. The problem is that all LAA nodes transmit DRS irrespective of whether they have data traffic or not, since a main purpose of RRM measurement is to find a target cell of handover. Hence, the number of neighbouring cells that transmit their DRSs within a single DMTC duration is normally greater than the number of cells actually interfering data transmissions with data traffic. Based on this principle, it is not appropriate that LAA DRS is used for CSI measurement purpose.
Proposal 2:
· LAA DRS is not used for CSI measurement purposes.

3. CSI-RS transmission on LAA carrier 
For Rel-12 CSI-RS/CSI-IM, UE is configured with CSI-RS/CSI-IM subframes whose period is 5 ms or its multiples. For LAA, there are basically two schemes. 
The first option is to reuse the current configuration. However, in an LAA carrier, the eNB may not be able to ensure CCA prior to the CSI-RS transmission. Therefore, with this option, the UE needs to be notified which subframes are valid for CSI measurement, since one shot CSI measurement is not appropriate as discussed above. 
The other option is that CSI-RS is always transmitted at a pre-determined position within each DL transmission burst. This option does not require CSI-RS subframe configuration. However, also in this case, the UE has to know which subframes are valid for CSI measurement. In addition, the use of  CSI-RS/CSI-IM/CRS is restricted to subframes in which PDSCH is allocated for the UE. 
In any case, the current CSI-RS configuration may need to be expanded. Even if the eNB configures the CSI-RS with the shortest interval currently allowed (i.e. 5 ms), that would not ensure that every DL transmission burst contains at least one CSI-RS subframe in all countries (e.g. Japan may need shorter interval, i.e. 4ms or shorter).
Proposal 3:
· The existing CSI-RS configuration is reused, i.e. the potential CSI-RS subframes occur periodically.
· The UE needs to be notified which subframe is valid for CSI measurement.
· FFS whether or not a shorter interval is introduced (e.g. 4ms.)

4. CSI reporting for LAA carrier 
For aperiodic CSI reporting, the UE combines the CSIs of multiple serving cells in a single report, including serving cells in licensed carriers. If PUSCH on an LAA SCell is chosen for aperiodic CSI reporting and the channel is sensed as busy, the CSIs of not only the LAA SCells but also of the licensed cells will be lost. However, the network has the ability to assign the lower serving cell indices to licensed cells, making UEs transmit aperiodic CSI reporting through one of the licensed cells and preventing that loss from happening. Furthermore, although LAA requires LBT, the network might be able to operate the LAA SCell as a licensed cell in some cases. For example, if no other competitive network uses a given carrier, the LAA SCell can be used as a licensed carrier SCell, with the only addition of an always-successful LBT operation. Therefore, CSI reporting for the LAA SCell should be able to follow CA/eCA mechanisms, which support periodic CSI reporting.
Proposal 4:
· CSI reporting for LAA SCell should follow CA/eCA mechanisms.

· Both aperiodic and periodic CSI reporting for LAA SCell should be supported.

5. Supported transmission scheme 
To support flexible precoding as in Rel-12, at least DMRS-based demodulation for PDSCH should be supported. On the other hand, quite a few companies have been proposing that some kind of control information is transmitted as a part of the DRS, with the same base structure as the Rel-12 DRS [4-6]. This means that, even in LAA carriers, the UE has the ability to use CRS for demodulation purposes. Therefore, it is natural that CRS-based demodulation for PDSCH can also be supported.
Proposal 5:
· At least DMRS-based demodulation for PDSCH is supported.

· CRS-based demodulation for PDSCH can also be supported.

6. Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:
· One shot CSI measurement is not supported.

Proposal 2:
· LAA DRS is not used for CSI measurement purpose.

Proposal 3:
· The existing CSI-RS configuration is reused, i.e. the potential CSI-RS subframes are occurring periodically.

· The UE needs to be notified which subframe is valid for CSI measurement.

· FFS whether or not a shorter interval is introduced (e.g. 4ms.)

Proposal 4:
· CSI reporting for LAA SCell should follow CA/eCA mechanisms.

· Both aperiodic and periodic CSI reporting for LAA SCell should be supported.

Proposal 5:
· At least DMRS-based demodulation for PDSCH is supported.

· CRS-based demodulation for PDSCH can also be supported.
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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)
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