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1. Introduction
In RAN1#79, the L1 functionalities for LAA were discussed, with the following agreements.

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, RRM measurement and CSI measurement for LAA are discussed. 
2. Discussion 
2.1
RRM measurement for LAA
RRM measurement for inter/intra frequency carrier should be performed by a UE for the purpose of handover, Scell configuration or load balancing etc. In Rel.12, periodic DRS was specified for small cell discovery and RRM measurement. For Rel.13 LAA, the framework of Rel.12 DRS can be reused as a starting point for cell discovery and RRM measurement of the unlicensed carriers. 
LBT operation and discontinuous transmission on unlicensed carriers with limited maximum transmission duration are identified as essential functionalities to be introduced for LAA for coexistence with various types of networks in unlicensed band. However, the requirements on LBT operation for unlicensed band are regional specific. According to ETSI regulation [2], LBT should be performed before each data transmission while short control signaling (SCS) can be transmitted without LBT, as long as the duty cycle is less than 5% within an observation period of 50ms. However, in Japan regulation [2], every signal transmission is only allowed after a successful CCA, i.e. the SCS type of transmission without LBT is not permitted. 
Rel-12 DRS can be considered as one type of SCS and transmitted by the eNB without LBT, since with the typical DRS configuration of 1 or 2ms DRS duration and 40 or 80ms DRS periodicity, the SCS requirements in terms of maximum duty cycle can be meet. Therefore, two DRS transmission schemes can be considered for LAA: one is DRS transmission with SCS operation and the other is DRS transmission with LBT operation.
· DRS transmission with SCS operation
In this scheme, eNB doesn’t perform LBT operation before DRS transmission and DRS is transmitted periodically as in Rel.12. An obvious advantage of the scheme is that the Rel.12 small cell discovery procedure can be largely reused and no additional UE implementation complexity is brought in. Another merit of this scheme is that periodic DRS could help the LAA UE to maintain fine time and frequency synchronization. However, it is still subject to further investigation in RAN1 and RAN4 on the required DRS periodicity by which UE’s time and frequency synchronization can be maintained. If it is feasible for the UE to maintain fine time and frequency synchronization with SCS like DRS transmission, no other reference signal or preamble signal shall be defined additionally for this purpose.
On the other hand, since no LBT is used for DRS transmission, DRS signal may experience interference from other system operating in the unlicensed carrier, e.g. WIFI or LAA from another operator. Therefore the RSRQ measured during DRS occasion may not match the “real” RSRQ during the data transmission when LAA eNBs access the unlicensed carrier after a successful CCA check. However, since the interference on the unlicensed carrier could vary dynamically, RSSI measurement results could always hardly match the interference during data transmission. If the RSSI measurements are filtered over multiple DRS occasions, the RSSI mismatch issue can be further relieved, since the RSSI could represent the interference on average. Furthermore, by implementation, eNB can roughly estimate and compensate the amount of RSSI mismatch between DRS and data transmission by checking whether the channel is busy or not, e.g. by collecting the probability of successful CCA. And eNB could use another carrier if the current one is heavily loaded.
Proposal 1: DRS transmission with SCS is a possible candidate for RRM measurement and should be supported in LAA.
· DRS transmission with LBT operation
In this scheme, the LAA eNB perform LBT before every DRS transmission occasion and DRS is only transmitted after a successful CCA. Due to the uncertainty of the DRS transmission, UE needs to know the presence of DRS for measurement. Two methods may be considered, one is UE blind detection and the other is by network indication. Note that for both methods the UE’s measurement behavior will be changed with potentially degraded measurement accuracy. 
For the UE blinding method, the UE’s power consumption will obviously increased due to DRS blind detection, especially when the UE is configured to monitor a large number of neighbor cells. Blind detection of PSS/SSS and CRS for each configured neighbor cells shall be performed in each DRS occasion. Additionally, in shared cell ID scenario, UE needs to perform CSI-RS energy detection for each TP before RRM measurement based on CSI-RS. If the UE is configured with tens of CSI-RS for RRM measurements, the CSI-RS blind detection complexity will be significantly high. 
In the network indication method, UE is able to know whether the DRS is transmitted or not from the serving cells, which helps reducing some blind detection efforts. However, DRS transmission state from the neighbor cells can hardly be signaled due to the limitation on backhaul latency. Therefore the network indication does not help much in UE complexity and power consumption reduction.
Note that even LBT is performed before each DRS transmission, the RSSI mismatch may also exist between the measured RSSI and the real RSSI if Rel-12 DRS is directly reused. This is because Rel-12 DRS symbols are discontinuous in time domain. WIFI may re-obtain the channel during two DRS transmission symbols, since WIFI has a very short symbol duration. Alternatively, reservation signals can also be considered within the DRS occasion. 
Proposal 2: DRS transmission with LBT operation brings significant burdens for UE complexity and power consumption and could be considered optionally if such scheme has to be supported in LAA.
2.2
CSI measurement for LAA
For LAA, CSI measurement and reporting becomes much more challenging for the UE given the LAA eNB’s discontinuous transmission on the unlicensed carrier. 
If the eNB fails to occupy the channel when it is supposed to transmit CSI-RS, the UE may not measure and report timely CSI feedback, which affects the data scheduling. On the other hand, if the eNB transmits CSI-RS without LBT operation, for example, using the short control signals transmission mechanism, although the measured CSI-RS samples are adequate and the report is timely, the CSI-RS may be interfered by signals from other unlicensed systems and the measured CSI will not match the real channel condition when LAA eNB occupies the channel for data transmission. Therefore how to enhance the CSI measurement and reporting mechanism for LAA needs to be further studied.
Proposal 3: How to enhance the CSI measurement and reporting mechanism for LAA needs to be further studied.
3. Conclusion
In this contribution, RRM measurement and CSI measurement for LAA were discussed. From the discussions, we have the following observations and proposals.
Proposal 1: DRS transmission with SCS is a possible candidate for RRM measurement and should be supported in LAA.

Proposal 2: DRS transmission with LBT operation brings significant burdens for UE complexity and power consumption and could be considered optionally if such scheme has to be supported in LAA.

Proposal 3: How to enhance the CSI measurement and reporting mechanism for LAA needs to be further studied.
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