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1 Introduction

In previous RAN1 meetings, a list of design options for CSI transmission, measurement reporting and related transmission schemes for LAA are given for further discussion:
Agreements:
· 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
· 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:
· 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
In this contribution, CSI related issues and transmission schemes are discussed and our proposals are presented.
2 CSI related issues for LAA
CSI transmission and its configuration 
It has been agreed that NZP CSI-RS transmission may be subject to LBT. Therefore the actual presence or absence of NZP CSI-RS and CSI-IM in a subframe should be indicated to UE so that the UE can perform measurement at correct resource locations. The design of such indication will be dependent on the potential subframes for NZP CSI-RS and CSI-IM, which is agreed to be one of the following options:
· 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
In Opt 1-A, the LAA eNB prepares to transmit NZP CSI-RS at predefined periodic instances. At each periodic instance, if the eNB just happens to be in channel-occupying status, NZP CSI-RS is transmitted as expected; otherwise the eNB has to perform LBT/CCA to acquire the channel. The eNB should transmit NZP CSI-RS only if the CCA succeeds, but should not if the CCA fails. Similarly the CSI-IM is configured in periodical subframes, but is valid only when the LAA eNB is in channel-occupying status. With Opt 1-A, the UE can judge whether the NZP CSI-RS and CSI-IM are transmitted based on configured periodic instances and eNB’s channel-occupying status. 

In Opt 1-B, the NZP CSI-RS and CSI-IM are transmitted whenever needed without a constraint on periodicity. Specifically, the aperiodic NZP CSI-RS and CSI-IM occurring at the beginning (within the first 1 or 2 subframes) of the occupying duration or right after eNB’s acquiring of channel can be beneficial, because the UEs can be trigged to measure the CSI and to report the measurement result sooner so that the eNB is aware of accurate CSI in a short time. To make the transmission of aperiodic CSI-RS flexible and on a per-needed basis, explicit signalling may be necessary to inform the UEs of the CSI-RS pattern and resource location, e.g., L1 signalling can be used to indicate the dynamic occurrence (subframe and etc) of the aperiodic CSI-RS, while the RRC signalling can be used to indicate semi-static information such as CSI-RS port and resource pattern in frequency domain. With less flexibility on transmission of aperiodic CSI-RS, L1 signalling can be omitted if the time domain resource location of aperiodic CSI-RS relative to the beginning of occupying duration is made fixed or semi-static configurable. 
	
	Opt 1-A
	Opt 1-B

	Potential transmission instance in time domain
	Periodic and pre-configured.  
	Aperiodic; either not pre-known (in case L1 signaling is used) or pre-known (in case L1 signaling is not used)

	Trigger of actual transmission
	eNB is in occupying status at configured instance. 
	L1 signaling; or semi-static time domain location in the specific (e.g. first full or partial) subframe in occupying duration. 

	Associated RRC configuration 
	CSI-RS port, time/frequency domain resource patterns
	CSI-RS port, frequency resource patterns, time-domain location in the specific (e.g. first full or partial) subframe in occupying duration if L1 signaling is not used for triggering


Table 1 Comparison between Opt 1-A and Opt 1-B
In our view, a combination of Opt 1-A and Opt 1-B, i.e., Opt 1-C, is more reasonable. The Opt 1-B can be applied around the beginning of occupying duration to allow timely CSI acquisition, while the Opt 1-A can be used for regular CSI measurement and report in occupying duration at the cost of less or even none indication signalling.
Proposal 1: The potential subframes for NZP CSI-RS and CSI-IM may be occurring periodically or aperiodically from UE perspective.
CSI Reporting
In legacy LTE system, the UE can be either semi-statically configured by higher layers to perform periodic CSI reporting on PUCCH, or dynamically trigged by DCI to perform aperiodic CSI reporting on PUSCH. 
For LAA, 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
If opportunistic periodic CSI transmission is supported (i.e., Opt 1-C), the periodic CSI reporting makes more sense due to its signaling efficiency. Because periodic PUCCH cannot be guaranteed on a LAA SCell due to UL LBT, periodic CSI reporting could rely on both PUCCH transmitted on a licensed PCell and PUCCH on an LAA SCell. Furthermore, the latest valid CSI could be reported in case UE does not have chance to measure any CSI in certain period of time. 
Proposal 2: Support both aperiodic and periodic CSI reporting for an LAA SCell.
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.
Transmission Schemes
LTE deployed in licensed spectrum has support 10 transmission modes as following:

· TM 1, Single-antenna port, port 0

· TM 2, Transmit diversity

· TM 3, Large delay CDD

· TM 4, Closed-loop spatial multiplexing or Transmit diversity

· TM 5, Multi-user MIMO

· TM 6, Closed-loop spatial multiplexing

· TM 7, Single-antenna port, port 5

· TM 8, Dual layer transmission, port 7 and 8

· TM 9, Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8

· TM 10, Up to 8 layer transmission, ports 7-14

Among these transmission modes, TM1 ~ TM6 acquire the channel information based on CRS and demodulate the PDSCH with CRS too; TM7 and TM8 acquire the channel information based on SRS through channel reciprocity and demodulate PDSCH with DMRS; while TM9 and TM10 acquire the channel information based on CSI-RS and demodulate PDSCH with DMRS. In addition, CSI feedback is needed for TM4, TM5, TM6, TM9, and TM10. 

It is worth noting that not all CRS based TMs should be support in LAA. Firstly, as it is agreed not to support UL for LAA in Rel-13, channel reciprocity will not be available on LAA SCells on the unlicensed spectrum. So it is difficult to support TM7 and TM8 in Rel-13 LAA. Secondly, based on the timely and accurate channel feedback, TM4 aims to boost the capacity when the channel condition is relevant stable. In unlicensed spectrum, the channel varies frequently due to the crowded network nodes deployed. TM4 is not likely to achieve the same gain as in licensed spectrum. The situation is also similar for TM5 which is a rank 1 case of TM4. Consequently it is preferred not to support TM4 and TM5. In addition, the pairing of users relying on the historical channel condition may not be optimum when data are actually sending to these users. Thus it is harder to be benefit from multi-user MIMO in unlicensed carrier than in licensed carrier. Based on the above considerations, we are slightly inclined to support only TM1-TM3 based on CRS.

DMRS based TMs (i.e. TM9 and TM10) are more robust against the channel fluctuation as same precoding is applied on both DMRS and the data part. As TM10 can be viewed as a superset of TM9, it is benefit to support only TM10 for simplicity.
Proposal 4: Support TM1-TM3 and TM10 in LAA.
3 Conclusion 

In this contribution, we discussed some design options for LAA CSI measurement listed in RAN1 80bis and have the following proposals:

Proposal 1: The potential subframes for NZP CSI-RS and CSI-IM may be occurring periodically or aperiodically from UE perspective.
Proposal 2: Support both aperiodic and periodic CSI reporting for an LAA SCell.
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.

Proposal 4: Support TM1-TM3 and TM10 in LAA. 
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