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1 Introduction

In 3GPP RAN1 #82bis meeting, some agreements related to LAA CSI enhancements were reached as follows [1]:
Agreements:

· UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS

· FFS: CSI-RS configuration details

· FFS: Depending on the DRS design, the UE can assume CRS ports are transmitted during a DRS occasion for the purpose of CSI measurement 

Agreements:

· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12

· FFS: Aperiodic subframe case

· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM

· Note that this does not preclude applicability to LAA of any CSI-RS enhancements in other Rel-13 WIs

In this contribution, some remaining details of CSI related issues are discussed and our proposals are presented.

2 DRS and CSI-RS configured in the same subframe

It is agreed in RAN1 #82bis meeting that UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS. According to the LAA DRS design, the duration of the DRS occasion is less than 1ms and there are several transmission attempts for DRS in the DMTC. Thus CSI-RS transmitted within DRS can provide more transmission opportunities for CSI measurements besides the CSI-RS transmitted outside of DRS. 
Note that the CSI-RS in Rel-12 DRS only adopts single antenna port (AP15) and is only designed for RRM measurement in share-PCID scenario. For LAA, single port CSI-RS can also be a component part of DRS if configured and is transmitted in an opportunistic periodic manner due to the LBT regulation. For the purpose of CSI measurement, CSI-RS with more antenna ports can be aperiodically transmitted in DRS, i.e., the single port CSI-RS can be configured in DRS and transmitted as long as the DRS LBT succeeds. Once the LAA eNB has data to be transmitted and plans to compete for the channel in a short time for which the aperiodic CSI measurement is needed, and if there is a DRS occasion with successful LBT, the CSI-RS with potentially more antenna ports is trigged via DCI and transmitted along with DRS. The configuration of the aperiodic CSI-RS can be either signalled to the UE by the triggering or pre-configured to reduce the overhead. Because only scheduled UEs of the serving cell need to perform CSI measurement based on the aperiodic CSI-RS within DRS, the aperiodic CSI-RS only needs to be signalled to these UEs.
To avoid any confusion, we denote the single port CSI-RS in DRS for RRM measurement as single port CSI-RS in DRS, and denote the single port / multi ports CSI-RS in DRS for CSI measurement as aperiodic CSI-RS in DRS, while denote the legacy single port / multi ports CSI-RS as potential periodic CSI-RS. There could be some issues if these signals are expected to coexist. The single port CSI-RS in DRS and aperiodic CSI-RS in DRS are discussed as following, while the discussion on collision between DRS and potential periodic CSI-RS is in section 3.
In one case, the single port CSI-RS in DRS and aperiodic CSI-RS can be separately configured. The single port CSI-RS can be configured and transmitted in each DRS occasion for RRM measurement, and the aperiodic CSI-RS is configured and triggered independently for CSI measurement purpose.  Both the single-port CSI-RS and aperiodic CSI-RS can exist in the same DRS subframe or even on the same symbols {9,10} in DRS occasion (if not on the same REs). 
In another case, the antenna port of single port CSI-RS can be part of the antenna ports of the aperiodic CSI-RS. In other words, either single port CSI-RS or aperiodic CSI-RS (single/multi ports) appears in DRS. When aperiodic CSI-RS is triggered in DRS, single-port CSI-RS is not needed.  
Proposal 1: Aperiodic CSI-RS of single-port / multi-ports can be trigged to transmit with DRS.  
3 Avoid collision between DRS and CSI-RS

Similar to Rel-12 DRS, LAA DRS contains PSS/SSS, CRS and single port CSI-RS if configured. If aperiodic CSI-RS can be introduced into DRS to provide more CSI measurement opportunity, it can also be a component part of DRS. On the other hand, the transmission of periodic CSI-RS is still an important way to support CSI measurement in LAA. Because the DRS can be multiplexed with PDSCH, it is possible that the potential periodic CSI-RS is transmitted in the subframe within the DRS occasion. Obviously, the collision or overlapping between the potential periodic CSI-RS and the DRS occasion should be avoided as much as possible. 
For example, CSI-RS on the OFDM symbol s #5 and #6 in a subframe may collide with the PSS/SSS in the DRS occasion. The current specification states that “The UEs shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of synchronization signals”. This means that PSS/SSS transmitted in subframes #0 and #5 are protected from CSI-RS collision. However, for LAA, PSS/SSS may be spread into other subframe and not referred as “synchronization signals”, thus similar protection is needed for the PSS/SSS in the subframes other than subframes #5 and #6.

Moreover, the trigger of the aperiodic CSI-RS in DRS can be signalled to UEs prior to the candidate DMTC, in which the DRS containing the aperiodic CSI-RS is transmitted. Then it is possible that the aperiodic CSI-RS in DRS and the potential periodic CSI-RS in data burst exist in the same subframe. Specifically, if the CSI configuration for the aperiodic CSI-RS and the potential periodic CSI-RS are different, there are two CSI-RS available for CSI measurement. In this case, the UEs should perform CSI measurement based on the potential periodic CSI-RS.
Proposal 2: Mechanisms should be adopted to handle the collision between DRS and CSI-RS. 
4 CSI maintenance
To comply with the max channel occupancy time regulation, a LAA SCell which has a bulk of data for a UE has to divide it into to small parts to transmit in several occupancy durations which should not exceed the max COT limit. The usage of channel is expected as continuous occupancy with time gap for performing LBT/CCA; accordingly the fine synchronization and the CSI need to be maintained through adjacent occupancy durations. However, if the time interval between two data bursts is long, the fine synchronization can be lost and the CSI can be outdated. Then fine synchronization and CSI measurement must be re-performed before the transmission of next burst. To save this time before each burst in this case, the time interval between two data bursts should be minimized as much as possible. 

It is agreed in the last meeting that “there should be at least one extended CCA between two consecutive DL transmission bursts.” With proper ECCA parameters, the time interval between data bursts can be minimized, and the synchronization and CSI consistency can be maintained. However, only performing ECCA to control the gap until all data bursts have been successfully delivered is unfair to other network nodes which always perform complete LBT procedure including ICCA and ECCA. In order to solve this problem, a continuous occupancy mode with time limit can be defined. In the continuous occupancy mode, the whole occupancy duration can be divided into several sub-occupancy durations which are limited by the regulation. Meanwhile, the data is also divided into sub-bursts, and every data sub-burst is transmitted in one sub-occupancy duration. The time gap between the adjacent sub-occupancy durations is reduced by only performing ECCA procedure. The maximum number of sub-occupancy durations contained in each continuous occupancy duration is configured so that the whole length of the continuous occupancy duration is limited. After one continuous occupancy duration, a normal LBT should be performed even there is still data to be transmitted. With this limit, other network nodes can get opportunities to access the channel.

Proposal 3: Continuous occupancy mode which includes limited number of sub-occupancy durations with small gap can be defined to maintain the fine synchronization and CSI/CQI as much as possible in the transmission of large packet of data.

5 Conclusion 

In this contribution, we discussed some remaining details of CSI related issues and have the following proposals:
Proposal 1: Aperiodic CSI-RS of single-port / multi-ports can be trigged to transmit with DRS. 

Proposal 2: Mechanisms should be adopted to handle the collision between DRS and CSI-RS. 

Proposal 3: Continuous occupancy mode which includes limited number of sub-occupancy durations with small gap can be defined to maintain the fine synchronization and CSI/CQI as much as possible in the transmission of large packet of data.
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