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1. Introduction
At the RAN1#79 meeting, CSI measurement is agreed as one of functionalities which should be supported in the LAA [1]. 
Agreements:
· Support at least the following functionalities in addition to the current LAA TR in 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
This contribution intends to share potential issue and proposes PHY layer option regarding measurement and reporting of CSI for LAA. 

2. Discussions
In the LTE operated in the licensed band, UEs measure channel quality by using the downlink reference signal, then feedback CSI report to eNB. After receiving CSI report, eNB estimates the propagation channel status and then conduct scheduling based on CSI report, which includes selection of best MCS to transmit the downlink signal, for example. In case of the licensed band operation, a major interference signal component is a signal transmitted from neighboring eNBs. In addition, the interference signal strength is stable compared with the case of unlicensed band operation.
On the other hand, in the LAA operated in the unlicensed band, there exist un-managed or out-of-control transmitters such as third party Wi-Fi APs/STAs and other operator’s eNBs/UEs. Each communication node transmits the burst signal to share the same frequency spectrum under control of CSMA/CA or LBT schemes. In case of the unlicensed band operation, the channel estimation function should consider the characteristics of unlicensed band in order to provide better scheduling gain; the interference signal is a burst transmission and the timing is impossible to estimate due to the interference signal from third party transmitters. The typical mismatched scenarios between the reported CSI and transmission MCS are described hereafter. In these scenarios, there are two eNBs which are asynchronous each other and two UEs. UE#1 and UE#2 associate with eNB#1 and eNB#2, respectively.    
Scenario#1: 

In the unlicensed band, the transmitters conduct LBT procedure before its transmission [2]. If a transmitter listens and detects transmission signal(s) such as Wi-Fi signal or LAA signal, a transmitter waits to start its transmission, therefore the interference will be avoided. On the one hand, if a transmitter occasionally does not detect other transmitter’s signal due to a hidden node problem and/or a weak interference signal lower than the detection threshold, its transmitted signal interferes the other transmission signal and may cause frame re-transmission.  
Figure 1 shows Scenario#1. Firstly, when t=T1，the UE#1 measures CSI when the eNB#2 does not transmit any signals because the eNB#2 has no demand traffic or in LBT sequence, the channel quality measured by UE#1 becomes higher. In this case, the eNB#1 selects higher MCS according to the CSI report. Whereas, when the eNB#1 starts next transmission based on a CSI report when t=T2, it may happen that the eNB#2 transmits in the same transmission timing. In such case, the UE#1 fails to demodulate desired signal due to receiving high interference power. 

Observation 1: If the UE#1 measures CSI without interference when t=T1 and then the eNB#1 transmits the signal based on CSI report in the same timing to eNB#2 transmission when t=T2, the UE#1 fails to demodulate desired signal due to receiving high interference power. 
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Fig1. Typical mismatched scenario#1 between reported CSI and rate adaptation
Scenario#2: 
Figure 2 shows the scenario#2 that the UE#1 measures CSI when the UE#1 received the interference signal from the eNB#2. Herein, the eNB#1 received the CSI report selecting the lower MCS due to degraded SINR caused by the interference signal from the eNB#2. After that, when the eNB#1 starts to transmit signal by such lower MCS, the eNB#2 finishes its transmission and the propagation channel condition has been improved. In this case, LAA eNB#1 cannot obtain high user throughput due to improper low MCS. 
Observation 2: If the UE#1 measures CSI with interference when t=T1 and then the eNB#1 transmits the signal based on CSI report in the same timing to eNB#2 no transmission when t=T2, LAA eNB#1 cannot obtain high user throughput due to improper low MCS. 
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Fig2. Typical mismatched scenario#2 between reported CSI and rate adaptation

In case of the unlicensed band operation, it is impossible to estimate proper propagation channel quality due to the interference signal from un-managed and/or out-of-control third party transmitter. To avoid the above-mentioned undesired scenarios, the UE should report statistical channel quality, which includes the CDF of RSSI to provide better scheduling performance by LAA eNB, for example. The detailed parameter items such as time span for CSI measurement and statistical channel quality should be further studied. 
Proposal: The UE should measure longer-term channel quality and report statistical channel quality, which includes CDF of RSSI for scheduling in eNB, for example. 
3. Conclusion

Observation 1: If the UE#1 measures CSI without interference and then the eNB#1 transmits the signal based on CSI report in the same timing to eNB#2 transmission, the UE#1 fails to demodulate desired signal due to receiving high interference power. 
Observation 2: If the UE#1 measures CSI with interference and then the eNB#1 transmits the signal based on CSI report in the same timing to eNB#2 no transmission, LAA eNB#1 cannot obtain high user throughput due to improper low MCS. 
Proposal: The UE should measure longer-term channel quality and report statistical channel quality, for example, the CDF of RSSI for scheduling in eNB. 
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