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1 Introduction

In 3GPP RAN1 #79, it is agreed to support the following functionalities on the unlicensed band [1].

Agreements:

· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
In this contribution, the CSI measurement for the discontinuous LAA transmission is discussed and our proposals are presented.
2 CSI measurement related issues
Wideband CSI and subband CSI
Legacy LTE supports both wideband-based and subband-based CSI measurement and reporting. The subband CSI is used for frequency-selective scheduling aiming at performance boosting, whose actual gain relies on the periodicity of the CSI report. On the contrary, wideband CSI will be more robust to the channel fluctuation. 
In our opinion, whether wideband CSI or subband CSI should be used depends on how often the LAA eNB can capture the channel. If the CSI report might not be ready at the beginning of the occupying duration, the eNB can either use the latest CSI that is available most recently to schedule the data transmission or use conservative TM and MCS instead. Therefore, if the channel is so busy (i.e. high load) that the eNB has to wait a long time before occupying the channel, the time interval between two successive occupying durations can be too long to maintain the sufficient correlation between the most recently available CSI and current channel condition. This issue can be even worse for subband CSI than for wideband CSI. Therefore, wideband CSI is more robust in this situation. On the other hand, if the unlicensed carrier is not so busy (i.e. low/medium load) and the eNB has a large amount data to be transmitted (which is the motivation and possible case of LAA), the eNB can successfully acquire the channel with large probability, or equivalently occupying the channel for a long time with just some short interruptions.  In this case, the subband CSI can outperform the wideband CSI due to its well support to frequency-selective scheduling.
Proposal 1: Both wideband CSI and subband CSI should be supported.
CSI measurement opportunity
In legacy LTE, reference signal for channel measurement is periodically transmitted from eNB side. For LAA, eNBs have to compete with other nodes to use the channel. According to the principle of LBT, reference signals for channel measurement are not allowed to transmit before the eNB acquiring the channel. So it can be difficult for the LAA eNB to get channel information feedback from UEs in time. It is worthy to consider whether to allow the transmission of certain reference signal even in non-occupying duration so as to get the CSI feedback once the occupying duration starts. 

In occupying duration, the LAA eNB can transmit CSI periodically as in licensed carrier. However, the UE may need to wait several milliseconds for the first channel measurement instance since the starting of occupying duration. To reduce the waiting time for the first CSI report, an aperiodic CSI transmission can be triggered at the beginning of the occupying duration for UEs to perform channel measurement and report. 
CSI measurement opportunity depends on how often CSI can be transmitted by the target Cell. We consider several transmission methods as following: 
· CSI transmitted as Short control signaling
If SCS is adopted for CSI transmission, the interference mismatch should be treated carefully, e.g. the averaged interference of previous occupying durations can be used as approximate interference. 
· Opportunistic periodic CSI transmission with LBT
With this method, eNB are supposed to transmit CSI at predefined periodic instances. If the eNB just happen to be in occupying duration, CSI is transmitted as expected; otherwise the eNB has to perform LBT/CCA to acquire the channel, and the CSI is transmitted only when the CCA succeeds. If the CCA fails, the eNB cannot transmit the corresponding CSI occasion. To avoid false detection / miss detection, an explicit indication can be sent to UEs to indicate that whether the eNB successfully acquires the channel. Thanks to the fixed frame length, the FBE based frame structure can work well with the periodic CSI transmission with LBT. 
· Aperiodic transmission with triggering
Aperiodic transmission is a flexible method to transmit necessary CSI at any time with certain explicit indication signalling. Specifically at the beginning of the occupying duration, the aperiodic CSI transmission can keep the eNB aware of accurate CSI feedback in a short time. Thus the aperiodic CSI transmission will be suitable for LBE which may perform LBT/CCA at any time and start data transmission immediately after a successful CCA. 
Proposal 2: CSI signal can be transmitted with SCS or periodic opportunistic transmission; additionally, aperiodic CSI transmission should be supported.
Interference measurement
CRS or CSI-IM (ZP CSI-RS) is used for interference measurement on the licensed carrier. For LAA, once the CCA result shows that the channel is idle, the LAA eNB can start transmission immediately on the channel. The successful CCA observed by LAA eNB means that no other nodes transmit during the observation time, and the acquiring of the following occupying duration is also supposed to be exclusive from other nodes due to LBT regulation. So the acquiring LAA eNB would experience similar interference in CCA observation time and the following occupying duration. This gives a good reason to use the CCA observation time to perform interference measurement. Furthermore, if the LAA CCA method can distinguish the inter-RAT and intra-RAT interference (e.g., with LAA sites coordinated muting), the interference observed during CCA contains only inter-RAT interference; while intra-RAT interference still needs to be measured when the eNB acquires the channel.
Proposal 3: The CCA observation time can be used to perform interference measurement.
CSI reporting
LTE UE can be either semi-statically configured by higher layers to perform periodically CQI/PMI/RI feedback with PUCCH, or trigged to perform aperiodic CQI/PMI/RI reporting with PUSCH. If the opportunistic periodic CSI measurement is supported then the periodic reporting should be used accordingly. In case a CSI occasion fails to be transmitted, the latest valid CSI should be reported. For aperiodic reporting, either an uplink DCI format (format 0/4) or a random Access Response Grant can be used for the report triggering.
Proposal 4: Both periodic and aperiodic CSI reporting should be supported.
Transmission Mode

The LTE channel measurement is based on CRS (Rel 1-8) / NZP CSI-RS (Rel 9-12); while the interference measurement is based on CRS (Rel 1-9) and ZP CSI-RS (Rel 10-12). Accordingly if CRS exists and CRS based CSI measurement is available, all transmission modes based on CRS could be supported; if CRS does not exist and only CSI-RS based CSI is available, only transmission mode 9 - 11 based on DMRS can be supported. It is natural and reasonable to support both CRS-based and CSI-RS TM.
Proposal 5: Both CRS based and CSI-RS based transmission modes should be supported.
3 Conclusion 

In this contribution, we discussed the CSI measurement for the discontinuous LAA transmission and have the following proposals:
Proposal 1: Both wideband and subband CSI should be supported.

Proposal 2: CSI can be transmitted with SCS or periodic opportunistic transmission; additionally, aperiodic CSI transmission should be supported.
Proposal 3: The CCA observation time can be used to perform interference measurement.

Proposal 4: Both periodic and aperiodic CSI reporting should be supported.
Proposal 5: Both CRS based and CSI-RS based transmission modes should be supported.
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