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1. Introduction

At the RAN#68 meeting, the new WI proposal on “Licensed-Assisted Access to Unlicensed Spectrum” was approved [1]. In LAA SI, Channel-State Information (CSI) measurement, including channel and interference was identified as one of the required functionalities for LAA system, and hence specifying the CSI measurement and reporting mechanism is one of objectives in this WI. Regarding CSI measurement/reporting and corresponding DL transmission mode support, following agreements were made during LAA SI [2][3].
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)
In addition, at RAN1#82 meeting, it was agreed to support CRS-based and DMRS-based transmission schemes/modes in LAA.
In this contribution, we discuss on CSI measurement design for LAA DL. 

2. Reference signal transmission schemes for CSI measurement
Since the RS transmission for CSI measurement should be subject to LBT, there would be following three possible options of RS transmission for CSI measurement as shown in Figure 2-1.

· Option 1: CRS/CSI-RS/CSI-IM transmission within DL transmission burst containing PDSCH

· Option 2: CRS/CSI-RS/CSI-IM transmission within DL transmission burst containing DRS without PDSCH (within DMTC)
· Option 3: CRS/CSI-RS/CSI-IM transmission other than Option 1 and 2, e.g., CRS/CSI-RS/CSI-IM transmission alone based on LBT
Option 1 would be the most natural option and at least this option should be supported. However, for transmission in congested environment or for initial transmission from the idle state, this option alone may not provide accurate CSI due to potential long time delay from the last CSI measurement opportunity. In that sense, option 2 and option 3 can be considered as a complement to option 1.
In option 2, since CRS is anyway sent within DRS burst for RRM measurement, CRS in DRS can also be used for CSI measurement. In addition, non-zero power CSI-RS transmission may be useful to fill symbols not containing SS/CRS within DRS burst even if CSI-RSRP is not so necessary for LAA. Therefore, option 2 can be considered as a reasonable approach.
However, basically DRS transmission periodicity is long such as 40/80/160 ms. It may or may not be sufficient as a complement to option 1 to obtain accurate CSI. In order to further increase the CSI measurement opportunities, option 3 may be one possibility. But this option would require many considerations/works such as LBT mechanism for this transmission and one-shot detection of RS for CSI measurement. On the other hand, a benefit of this option on top of option 1 and 2 may not be so significant since it is useful only when option 1 and 2 cannot provide the most recent CSI for transmission.
Therefore, we propose to support option 1 and option 2 as RS transmission schemes for CSI measurement. We need further discussion on option 3 in future release.

Proposal 1: CSI measurement on RS within DL transmission burst containing PDSCH and on RS within DL transmission burst containing DRS should be supported.
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Figure 2-1: Possible RS transmission options for CSI measurement
In case of option 2, existing CSI-RS RE mapping may cause some issues as below.
· In existing CSI-RS resource configuration, some configurations are mapped to OFDM symbols {#9, #10} while other configurations are mapped to symbols {#5, #6} or {#12, #13}. Since DRS occasion duration may be about 1 ms or less, available CSI-RS configurations may be limited as shown in example 1 of Figure 2-2. For example, existing resource configurations of CSI-RS on symbols {#5, #6} or {#12, #13} are collided with PSS/SSS or CCA gap and hence they cannot be used.
· If CSI-RS resource configurations on symbols {#2, #3} are introduced, number of available CSI-RS resource configurations within DRS burst can be increased. However, for time continuity, multiple CSI-RS resource configurations on both {#2, #3} and {#9, #10} need to be used by one cell as shown in example 2 of Figure 2-2. This means that reuse factor of CSI-RS is still limited.
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Figure 2-2: Examples of DRS structure considering CSI measurement
Therefore, in order to support CSI measurement on CSI-RS in DRS, some enhancement would be necessary. As argued in [4], we propose a modified CSI-RS in DRS only transmission burst. Each resource configuration of modified CSI-RS is mapped to four OFDM symbols {#2, #3, #9, #10} and one of orthogonal sequences is applied according to CSI-RS port index, as shown in Figure 2-3. Based on this modified CSI-RS, not only CSI-RS based measurement performance is improved thanks to increased resource density, but also sufficient number of CSI-RS resource configurations is available in DRS burst. 

Proposal 2: Modified CSI-RS resource configuration is used for CSI-RS in DRS burst.
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Figure 2-3: Proposed design of modified CSI-RS in DRS only transmission burst
However, considering the impact on rate matching and so on, CSI-RS in DL burst containing PDSCH may follow existing resource configuration mapping patterns. Since we can have same or even larger number of modified CSI-RS resource configurations in DRS by using this proposal, one CSI-RS resource configuration index can indicate two different mapping patterns for CSI-RS in PDSCH burst and modified CSI-RS in DRS as shown in Figure 2-4, as long as UE can identify two different burst types. In addition, other CSI-RS configuration information such as scrambling ID and number of antenna ports can also be applicable to both CSI-RS configurations. For modified CSI-RS in DRS burst, UE can ignore subframeConfig and can assume that modified CSI-RS are always in DRS burst.
Proposal 3: Existing CSI-RS resource configuration is used for CSI-RS in data burst.

Proposal 4: Single CSI-RS resource configuration is applicable to both modified CSI-RS in DRS burst and existing CSI-RS in data burst. For modified CSI-RS in DRS burst, UE can ignore subframeConfig and can assume that modified CSI-RS are always in DRS burst.
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Figure 2-4: Different CSI-RS resource configurations between DRS burst and data burst
As discussed in [4], if DRS including CSI-RS and PDSCH are multiplexed in the same TTI within DMTC, there would be some issues on either utilizing modified CSI-RS resource configuration or utilizing existing CSI-RS resource configuration. Therefore, we need to study further on this case.
3. Conclusion 

In this contribution, we have discussed on CSI measurement design and corresponding DL transmission mode support. We made the following proposals. 

Proposal 1: CSI measurement on RS within DL transmission burst containing PDSCH and on RS within DL transmission burst containing DRS should be supported.

Proposal 2: Modified CSI-RS resource configuration is used for CSI-RS in DRS burst.
Proposal 3: Existing CSI-RS resource configuration is used for CSI-RS in data burst.
Proposal 4: Single CSI-RS resource configuration is applicable to both modified CSI-RS in DRS burst and existing CSI-RS in data burst. For modified CSI-RS in DRS burst, UE can ignore subframeConfig and can assume that modified CSI-RS are always in DRS burst.
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