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1. Introduction

In 3GPP RAN1#79, RRM measurement including cell identification is agreed as one of the functionalities to support LAA and Rel-12 DRS is also agreed to be the starting point for at least RRM measurement including cell identification. 
This paper first discusses potential issues when using Rel-12 DRS for RRM measurement in LAA and then proposes candidate solutions.


2. Discussion
Periodic RRM reporting from UEs is beneficial for the network to efficiently select the carrier with cleaner channel to serve UEs.  In Release 12 small cell study, periodic DRS transmission is utilized to facilitate periodic RRM reporting in a licensed spectrum.  However, in a unlicensed spectrum, precise periodic transmission can’t be guaranteed due to the channel contention.
2.1 Potential issues of Rel-12 DRS
A single occasion of Rel-12 DRS consists of a period with a duration of one to five consecutive subframes for FDD and two to five consecutive subframes for TDD.  Within the occasion, Rel-12 DRS consists of CRS port 0 in all downlink subframes and DwPTS of all special subframes, PSS in the first subframe for FDD or the second subframe for TDD, SSS in the first subframe, NZP CSI-RS in zero or more subframes based on the RRC-layer configuration.
Due to LBT in the unlicensed spectrum, any physical signal/channel transmission has to be based on the channel contention results of LBT and existing scheme of periodic reference signal transmission (e.g. Rel-12 DRS) for UE RRM measurement is not feasible any more.  Because the network can’t guarantee to obtain the channel for DRS transmission as soon as its transmission timing arrives.  For example, as illustrated in Figure 1, Rel-12 DRS transmission with periodicity of 80 ms may suffer from long interruption (e.g. 160ms) due to a failure of channel contention and thus result in insufficient information for radio resource management/scheduling.
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Figure 1.  Illustration of Rel-12 DRS transmission in a unlicensed spectrum
In addition, Rel-12 DRS doesn’t span at least 80% of nominal channel bandwidth in every OFDM symbol during the occasion and it doesn’t follow the regulation rules for unlicensed spectrum in Europe and Japan.  For example, in FDD, there is no transmission in 2nd, 3rd, 4th OFDM symbol in the 1st slot and 2nd, 3rd, 4th, 6th, 7th OFDM symbol of the first subframe of a Rel-12 DRS occasion if there is no NZP CSI-RS configured in the first subframe.
2.2 Design considerations
· The design should be able to facilitate Automatic Gain Control (AGC) setting and coarse time/frequency synchronization for UE so as to enable UE autonomous reference signal detection and sufficient RRM measurement accuracy
· The design should be able to support periodic Radio Resource Management (RRM) reporting without excessive interruption time so as to enable efficient carrier selection in the shared spectrum
· The deign should be able to occupy the channel continuously within the occasion in time domain and span over at least 80% of the nominal channel bandwidth in frequency domain
2.3 Candidate designs
In order to resolve the transmission uncertainty of reference signals, one way is to increase the number of periodic transmission opportunities within a fixed time period; another way is to extend the scheduling valid time to allow certain tolerable time for channel contention.  Based on these two ways, three candidate solutions are proposed as follows to support RRM measurements in LAA.
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Figure 2. Example illustration of Alternative #3 when there is small time offset between small cells and UE  
Alternative #1: Periodic modified DRS occasion opportunistic transmission with short periodicity
· DRS is modified to span at least 80% of nominal channel bandwidth and in each OFDM symbol of the transmission occasion
· Modified DRS may be potentially transmitted within periodic occasion
· Short periodicity can be considered to increase the transmission successful rate within the maximal tolerable interruption time between two RRM reportings
Alternative #2: Aperiodic modified DRS occasion transmission with extended triggering valid time
· DRS is modified to span at least 80% of nominal channel bandwidth and in each OFDM symbol of the transmission occasion
· Modified DRS is dynamically triggered for transmission as soon as the network obtain the channel
· The dynamic triggering in subframe N could still be valid in latter subframes, instead of subframe N only, e.g. subframe N, N+1 and N+2
Alternative #3: Periodic modified DRS occasion opportunistic transmission with extended scheduling valid time windows, shown in Figure 2
· DRS is modified to span at least 80% of nominal channel bandwidth and in each OFDM symbol of the transmission occasion
· Modified DRS may be potentially transmitted starting at any time location within a set of periodic valid time windows
· The valid time window could be longer than the time period of a DRS occasion
All three alternatives should be able to work well when the traffic load of unlicensed spectrum is low.  However, when the traffic load of unlicensed spectrum grows higher and higher, Alternative #1 may not work well anymore because its scheduling rule is based on the assumption that the network has high chance to obtain the channel in each periodic transmission opportunity.  Alternative #2 could work well in both FBE and LBE LBT schemes because the dynamic triggering is usually based on L1 control signaling which is given at the beginning of a subframe and the network may still don’t know whether it could obtain the channel yet in LBE LBT scheme.  However, L1 control signaling may be a concern for Alternative #2 when there are many carriers for RRM measurements/reportings.  Considering RRM measurement/reporting interruption time and L1 control signaling overhead, Alternative #3 could be a better choice in both FBE and LBE LBT schemes, compared to previous two alternatives.  However, UE power consumption for the modified DRS monitoring may be a concern because UE is configured to monitor the modified DRS in each periodic valid time window and there may be no modified DRS transmission within the valid time window due to the channel contention results.  Compared to Alternative #3, the network could observe the channel loading and decide when to trigger UE for modified DRS monitoring without excessive useless monitoring in Alternative #2.  

Due to the introduction of extended scheduling valid time, both Alternative #2 and #3 seem to be promising schemes to support periodic RRM measurements without excessive interruption time.  The longer the scheduling valid time is; the higher chance the modified DRS could be transmitted in the scheduled opportunity.  The length of scheduling valid time could be configurable, depending on the traffic load of the carrier in the unlicensed spectrum.


3. Conclusion
In this paper, we discussed the potential issues of Rel-12 DRS in LAA and proposed three alternatives for solutions.  Among three alternatives, Alternative #2 and #3 are more promising due to the introduction of extended scheduling valid time, e.g. the scheduling is valid in subframe N and N+1, instead of subframe N only which is currently used in LTE system over licensed spectrum if the semi-static configured or dynamically triggered transmission time is subframe N.  Therefore, we have the following proposal.
Proposal: Extended scheduling valid time should be considered in reference signal designs for RRM measurements in LAA.
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