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1 Introduction
During RAN WG1 #78bis and 79 meeting, the regulatory requirements on the unlicensed spectrum are discussed and the following agreements are achieved [1][2]:
Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
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, we present our views on the potential solutions of DRS transmission for LAA.

2 DL reference signal
Transmission of reference signals such as PSS/SSS, CRS, CSI-RS, etc. are essential to support some basic functions like coarse synchronization, time and frequency tracking, CSI and RRM measurements for LAA-LTE system[3]. It is agreed that that Rel-12 DRS can be the starting point for at least RRM measurement including cell identification.

LBT is required in LAA to meet regulatory requirements and thus the channel is not always available for certain transmitter in LAA system. Then the solutions to facilitate the reference signal transmission need to be carefully considered. Basically two solutions can be considered as follows:

· Method#1: DRS is transmitted periodically without LBT in SCS (short control signal) .
The SCS is defined in some regions which is required to meet regulatory requirements that maximum duty cycle of 5% within an observation period of 50ms.
· Method#2: DRS is transmitted based on LBT. 
In Japan’s regulation, LBT is required for any transmission. Thus, DRS can only be transmitted after LBT. In this case, DRS cannot be transmitted periodically.
2.1 RRM measurement
In Rel-12 small cell on/off WI, DRS can be used for RRM measurement at least for small cells that are in off state. The transmission period of DRS is 40ms, 80ms or 160ms. The transmission duration of DRS is 6ms at most, and the signals in the DRS are transmitted discontinuously in this 6ms. 
Method#1: DRS is transmitted periodically without LBT in SCS.

· The advantage is that the transmission time of DRS is fixed or configured. Thus exact RRM measurement time can be configured to UE, especially for inter-frequency measurement gap. And DRX parameters can be easily decided to save power consumption. 
· The problem is that it may cause severe interference to other systems, also this is not a global solution since in some regions such as Japan, SCS is not defined. In addition, the performance of DRS reception may also be influenced by the transmission of other systems, and thus, lead to the overestimated RSSI measurement results.
Method#2: DRS is transmitted based on LBT.

· Obviously, the interference problem to other system can be avoided. Meanwhile, accurate measurement result can be obtained. 
· Several problems can be observed:
· If the system fails to obtain the channel for a long time, the accuracy of the measurement results cannot be guaranteed. 
· It is difficult to configure the UEs to perform the measurement especially for the neighboring cells, as the transmission occasion of the neighboring cells cannot be obtained in the serving cell due to the non-ideal backhaul, thus, large measurement load is imposed on the UEs. For intra-frequency neighboring cells, the DRS cannot be obtained if it is transmitted during the UE’s DRX off time. While for inter-frequency neighboring cells, the DRS cannot be obtained if it is not transmitted during the predefined measurement gap [5].  
· DRS is transmitted after LBT, it is means that even there is no data need to be transmitted, eNB will perform LBT for DRS transmission. In this case, there are two types of small cells to compete channel resource. One type of small cells compete channel for DRS transmission, and the other type competes channel for both DRS and data transmission. It may not be fair if same LBT parameters are used for these two types of small cell. 
· The transmission duration of DRS can be set to be 6ms which is larger than the maximum channel occupancy time in Japan, thus, the reduction of the transmission duration should be considered. Meanwhile, the discontinuous transmission of the DRS may cause the collision problem.

Based on above analysis, periodical DRS transmission in SCS is preferred for RRM measurement from the viewpoint of UE power consumption and complexity.
2.2 Synchronization
Coarse synchronization and fine T/F tracking are essential for data reception and transmission. In Rel-12 small cell on/off design, DRS can be used for coarse synchronization and fine T/F tracking relies on the reference signals that are transmitted when the small cell is in on state.
In LAA system, it is impossible to obtain the synchronization for LAA cell from the Pcell especially considering the frequency gap of the Pcell and LAA cell even in co-located scenario. Thereby, the synchronization can only rely on the LAA cell’s reference signal transmission.

If DRS transmission after LBT is used for acquiring the coarse synchronization, the system performance may be degraded considering the limited channel occupancy time. Thus, it is recommended that periodical DRS transmission is served for the coarse synchronization
2.3 CSI measurement

In Rel-12 small cell on/off, DRS can be used for CSI measurement to reduce the small cell transition time from off to on. While in LAA, if DRS is transmitted without LBT, CSI measurement can be performed before channel occupancy time. Thus, data can be scheduled as soon as the DL channel is available. However, several problems can be observed. The first problem is that UE need to measure and report CSI even when channel is not available. And if the channel is not available in a long time, the reported CSI may not accurate enough to reflect the channel condition. In order to reduce the signal overhead and UE power consumption as much as possible, long period can be configured for CSI measurement and feedback when channel is not available. The second problem is the CSI mismatch because of interference overestimated, how to solve the problem of interference overestimation problem needs to be further studied.
If DRS is transmitted after LBT, the CSI can only be measured during the channel occupancy time and it will delay the data transmission. If data transmission is required to be started as early as possible, a low predefined MCS can be used when timely CSI feedback is not available. From above analysis, further enhancement is needed for both two DRS transmission methods.

3 Conclusions
In this contribution, we present the discussion on DRS transmission methods and give some analysis from different functions of DRS. Based on our analysis, we have the following proposals:
Proposal 1: It is preferred that the DRS is transmitted periodically without LBT considering RRM measurement, coarse synchronization from the aspect of UE complexity, power consumption and system performance. 
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