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1. Introduction
In RAN1 # 79 meeting, some additional functionalities on the unlicensed band using LTE are agreed as follows [1], and Rel-12 discovery reference signal (DRS) has been decided as the starting point for at least RRM measurement including cell identification:
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In this contribution, we further discussed the motivation of supporting LAA DRS transmission on the unlicensed band, and present some considerations on the LAA DRS design. Opportunity transmission of LAA DRS based on listen before talk (LBT) is proposed to be the high priority solution which needs to be FFS.
2. Supporting of LAA DRS 

From LAA operation point of view, we see that some basic functionality need to be supported on the unlicensed carriers, including cell identification, coarse synchronization, RRM measurement, channel as well as interference measurement, demodulation, and so on. Whether these LAA functionalities can be supported by Rel-12 DRS needs to be investigated.
Rel-12 DRS is considered as a signal set, which is composed by PSS/SSS, discontinuous CRS and configured CSI-RS, where cell identification and coarse synchronization could be done by PSS/SSS, and RRM, channel measurement or interference measurement could be done by the configured CSI-RS, and discontinuous CRS is reserved at least for synchronous tracking. About RS pattern, Rel-12 DRS occasion is transmitted in a periodic way [2], where the periodicity could be configured to be 40 ms, 80 ms, or 160 ms, and at each occasion, the transmission duration can be in the range of 1 and N consecutive subframes, which includes above DRS signal set.
In Rel-13 for unlicensed carriers, Rel-12 DRS type of transmission would be the naturals starting point for LAA DRS design according to the discussion in the last meeting.
· Cell identification
· Ultra-dense deployment is of interests for future proof. Legacy PSS/SSS may have limitation for the number of full/semi-orthogonal sequences. Rel-12 DRS can be considered for the sake of higher multiplexing factor. Furthermore, given that the regulatory restrictions prevent continuous transmission on unlicensed carries at least in some regions, we see that DRS type of transmission, which is discontinuous in its nature, would be the appropriate for the regulatory restriction in LAA system. 
· Coarse synchronization

· Coarse synchronization could also be caught if PSS/SSS is included within the LAA DRS and transmitted on the unlicensed carriers, otherwise, it could also be obtained from the primary licensed carriers. Whether Rel-12 DRS design can satisfy coarse synchronization requirements in LAA should be considered/evaluated for further study. 
· CSI measurement
· LAA DRS shall be able to implement the CSI measurement for LAA UE, e.g. channel and interference measurement, if the LAA DRS design is similar to Rel-12 which includes the configured CSI-RS. Periodicity of the LAA DRS should be further studied. 
· Carrier selection

· With discontinuous transmission on LTE unlicensed carriers, carrier selection could also be done based on the signal detection, e.g., LAA DRS detection, to improve the performance in additional to the energy detection in the traditional WiFi system [3]. 
Proposal 1: LAA DRS is beneficial for at least cell identification and RRM measurement, whether it’s necessary for coarse synchronization, and CSI measurement, including channel and interference, and channel selection needs to be FFS. 
3. Design of LAA DRS 
To simplify the design of LAA, we prefer to reuse the licensed LTE design of reference signal as much as possible. Two kinds of solutions for LAA DRS design could be considered, including Short Control Signalling (SCS) based DRS transmission [4] and Listen Before Talk (LBT) based DRS transmission, both of them have their benefits as well as shortcoming. 
· Alternative 1: SCS based DRS solution
For SCS based DRS solution, the LAA DRS is always transmitted within the SCS duration, where in the European requirements for RLAN [5], Short Control Signaling (SCS) has been specified so that some management and control frames (e.g., ACK/NACK signals) can be transmitted without sensing the unlicensed channel. SCS based DRS solution can ensure the periodic DRS transmission and inherit the Rel-12 DRS design and UE measurement configuration as much as possible. However, it has several issues to be solved:

· Regulation framework prevents continuous transmission on unlicensed carries at least in some regions, e.g., in Japan, the LBT is required mandatorily even for low duration transmission, which means SCS based DRS transmission is not allowed. 
· The limit of SCS based DRS transmission is that SCS transmission shall have a maximum duty cycle of 5% within an observation period of 50 ms, which might bring additional overhead.
· At the scenarios of LAA and WIFI coexistence, obligatory transmission of LAA DRS in the SCS signalling might cause collision with other LAA nodes or WIFI nodes, and thus will bring severe interference to each other and then degrade the UE measurement accuracy.
For SCS based solution, the detailed DRS pattern and the configuration signalling need be further studied, and Rel-12 DRS for small cell enhancement can be considered as a starting point. Due to above issues especially for regulation restriction, this solution should be with low priority for LAA DRS design.
· Alternative 2: LBT based DRS solution
For LBT based DRS transmission, periodic transmission of LAA DRS may happen according to the results of channel sensing. In that case, collision and interference among LAA nodes or WIFI nodes could be avoided effectively, and it can match the regional regulation restriction well. For LBT based DRS solution, periodic DRS transmission and UE measurement mechanisms on the unlicensed spectrum should be studied, however, it also has several issues to be solved:
· The channel CCA is required even for very low duration transmission, i.e., at some periodic DRS occasion configured, DRS cannot be transmitted due to CCA (Clear Channel Assessment) busy, which means LBT based DRS transmission is not reliable and cannot ensure the effective transmission opportunities. 
· At each DRS occasion, unlike the Rel-12 DRS, i.e., DRS duration can be in the range of 1 and N consecutive subframes, LAA DRS cannot ensure all of N consecutive subframes are available if the channel status of the first subframe in the DRS occasion is not idle, and  the beginning of the LAA DRS transmission has to rely on the channel sensing until the channel is clear.
· Based on the Rel-12 DRS pattern, if the unlicensed carrier is always busy in the periodic DRS occasion configured, and thus the DRS cannot catch the transmission opportunities for a long periodicity, the UE RRM measurement will be severely aggravated. As a result, the measurement at a certain duration where LAA DRS is not transmitted due to busy status may cause a wrong measurement result.
To satisfy the regulation restriction, the LBT based DRS solution should be considered with high priority for LAA DRS design. However, above issues cannot be solved well only based on the Rel-12 DRS, therefore, opportunistic DRS transmission and measurement mechanisms on the unlicensed carriers should be further studied considering performance as well as specification impacts.
Figure 1 presents one possible scheme for the opportunistic or aperiodic LAA DRS transmission, where multiple candidate LAA DRS occasions with short interval are configurable during a relatively long LAA DRS periodicity, e.g., 160ms. During each periodicity, the LAA system will always try to transmit LAA DRS on the first candidate occasion, and if it’s available, the next LAA DRS transmission will go to the next periodicity, otherwise, the LAA system will perform channel sensing on the following candidate LAA DRS occasion and try to catch the clear channel at least once within the periodicity. 
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 Figure 1: Possible scheme for the opportunistic or aperiodic LAA DRS transmission
Proposal 2: Due to the regulation restriction, the LBT based DRS solution should be considered with high priority for LAA DRS design.
Proposal 3: For LBT based DRS solution, the opportunistic DRS transmission and measurement mechanisms on the unlicensed carriers should be studied. 
4. Conclusions 

In this contribution, we discussed the motivation of supporting LAA DRS transmission on the unlicensed band, and present some considerations on LAA DRS design, including SCS based, and LBT based DRS solutions. It is proposed that:
Proposal 1: LAA DRS is beneficial for at least cell identification and RRM measurement, whether it’s necessary for coarse synchronization, and CSI measurement, including channel and interference, and channel selection needs to be FFS. 
Proposal 2: Due to the regulation restriction, the LBT based DRS solution should be considered with high priority for LAA DRS design.
Proposal 3: For LBT based DRS solution, the opportunistic DRS transmission and measurement mechanisms on the unlicensed carriers should be studied.
References
[1]. 3GPP TSG RAN WG1 #79 meeting minutes
[2]. R1-143681, Final Report of 3GPP TSG RAN WG1 #78 v1.0.0, MCC Support
[3]. R1-144940, Discussion on possible solutions for LAA, CMCC
[4]. R1-145107,  Views on PHY layer options for LAA DL, DoCoMo
[5]. Draft ETSI EN 301 893 V1.7.2, July 2014.
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


The following functionalities are supported by legacy specifications and/or implementations


Transmit Power Control as per regulatory requirement


Dynamic frequency selection for radar avoidance at eNB in certain bands/regions


FFS: if the DFS for radar avoidance is needed to be supported in the UE











