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1 Introduction

During the SCE SI phase RAN1 agreed that the reduced time of small cell state transition will increase the UPT performance, and the discovery signal (DRS) will be designed to enhance the small cell state transition. 
[1] guides further specification efforts during the WI phase as listed below.
	· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.


In this contribution, we address the preferences for remaining issues for SCE discovery signal design focusing on the discovery signal (DRS) detection and RRM measurements.
2 Design of discovery signals

The on/off-capable small cell may transmit DRS regardless of the state of small cell to support small cell on/off operation. UE may derive rough synchronization using the received DRS or the serving cell may provide information for UE to obtain rough synchronization.
In this section, we discuss consideration points for DRS design.
2.1 Synchronization
In [1] UE should be able to acquire at least rough synchronization from DRS, and to perform RRM measurement from DRS based on the derived synchronization from DRS. The use of CSI RS as DRS may not provide accurate synchronization due to only one subcarrier is occupied in one PRB pair if one CSI RS antenna port 15 is configured. If such DRS is introduced, an additional synchronization reference may need to be provided from the network. 
One of effective approaches is PSS/SSS sharing. Particularly in the dense small cell scenario, only a few small cells in a small cell cluster transmit PSS/SSS while each small cell in the small cell cluster transmits its own DRS for cell identification and measurements, provided that the propagation delays from the small cells to the UE are not much different. In the case of sparse small cell scenarios, where the inter-PSS/SSS interference is not serious, each small cell may transmit PSS/SSS as well as DRS. 

Proposal 1: If DRS alone cannot provide accurate synchronization reference, PSS/SSS sharing should be introduced for high density small cell deployments. 
The serving cell should deliver to the UE the association information that conveys the mapping between the DRS configurations and the small cell identities. The shared PSS/SSS can be used as a rough timing reference which reduces the timing uncertainty of DRS from the small cells, and UE can acquire fine synchronization from each DRS using the rough timing obtained from the PSS/SSS.
2.2 Measurements
According [1], UE should be able to obtain RRM measurements based on DRS regardless of small cell states based on the obtained synchronization in order to reduce the small cell state transition time. In this section, the RRM measurement based on DRS, the RSRP based on DRS, and the RSRQ based on DRS are denoted as D-RRM, D-RSRP, and D-RSRQ, respectively.

Since D-RRM measurement reports shall be used to trigger state changes of small cells, sufficient RRM measurement accuracies should be supported, i.e., the D-RRM measurement accuracy should satisfy the requirement in TS 36.133 [2].

Proposal 2: The RRM measurement accuracy requirements in TS 36.133 should be applied for D-RRM measurements.

2.2.1 Intra-frequency D-RRM measurements

For the intra-frequency D-RRM measurements, UE should know the configuration of DRS such as PRB indices, periodicity and subframe offset, as well as association information for synchronization. The serving cell will indicate the DRS subframe period and subframe offset to UE. UE can locate DRS subframes and perform D-RRM measurements in DRS subframes.

The serving cell may configure time domain measurement subframe patterns to the UE, which is useful when the macro cell transmits ABS in co-channel HetNet scenario, and the UE is allowed to perform RRM measurements only in the configured subframes. In this case, UE should perform D-RRM measurement only for DRS subframes allowed by the measurement subframe pattern.
The serving cell may wish to configure more than one measurement subframe pattern to measure D-RSRP or D-RSRQ for each interference condition. In this case, it is desirable that UE can perform D-RRM measurement per each measurement subframe set.
Proposal 3: The D-RRM measurements should support the restricted measurement subframe pattern.

2.2.2 Inter-frequency D-RRM measurements

For inter-frequency D-RRM measurements, UE should know DRS configurations in each frequency to support efficient small cell on/off operations. In this case, the serving cell should configure measurement subframe patterns to UE for each frequency. As in the intra-frequency measurements, for each frequency, UE may derive the measurement subframes based on DRS configurations and measurement subframe patterns received from the serving cell, and perform D-RRM measurement in the relevant subframes.
Proposal 4: The serving cell may indicate measurement subframe set per each frequency.
If UE is capable of measuring several frequencies without measurement gaps, then the serving cell should indicate the full bitmap of measurement subframe patterns per frequency. If UE needs measurement gaps for inter-frequency D-RRM measurements, the serving cell should configure a measurement gap pattern and UE performs inter-frequency D-RRM measurements only in the subframes within the measurement gap. In this case, the serving cell may indicate the measurement subframes using a bitmap with the same length as the measurement gap length (MGL).
Proposal 5: The serving cell should indicate to UE the measurement subframes within the measurement gap in each frequency if measurement gaps are configured to the UE.
When there are multiple frequencies to measure, the maximum measurement time increases in proportion to the number of frequencies for measurements in order to satisfy the measurement accuracy requirements in [2] defined for one measurement gap pattern. UE will perform inter-frequency D-RRM measurements for one frequency and repeat measurements for another frequency. For quicker D-RRM measurements, it may be beneficial to configure more than one measurement gap pattern. For instance, the serving cell may configure three different measurement gap patterns with the same MGRP. The configuration of multiple measurement gap patterns shall greatly reduce the time required to perform D-RRM measurements on multiple frequencies.

According to [2], the MGL is 6 ms and MGRP is 40 ms or 80 ms. If multiple measurement gaps are configured within one MGRP, then the total MGL is proportional to the number of measuring frequencies, leaving only a small number of subframes available for actual data transmissions. Thus it is highly desirable to maintain the current MGL but reducing the time required for D-RRM measurements. If DRS can be measured accurately using only one or a few subframes, multiple frequencies can be measured within one MGL. 
Proposal 6: New configurations for measurement gap pattern should be introduced if UE can perform D-RRM measurements using one or a few DRS subframes.
3 Candidates of discovery signals
In TR 36.872 [3], it has been identified that UEs are not likely to successfully detect multiple baseline synchronization signals (e.g., PSS/SSS) if small cells are deployed densely, and that transmitter-based solutions and receiver-based solutions can be considered to increase detection probabilities of PSS/SSS. 

 It is verified by simulations that the interference cancellation (IC) at UE side can increase the detection probability of DRS significantly and even in the dense deployment scenario UE may detect as many PSS/SSS as being needed to support small cell on/off operations. Although the receiver-based solution is shown to be effective, this solution relies on UE capability. The implementation complexity of IC and the corresponding battery consumption might be problematic to UEs. Further, the IC might not be reliable since IC is known to be sensitive to error propagations, which occurs frequently depending on the fading instances.

On the other hand, the transmitted-based solution relies on the network. The orthogonal resource allocation of DRS avoids severe collision of DRS even in the dense small cell scenario, and relieves burdens and complexity of IC at UE.

The IC at UE might not guarantee stable operations depending on channel conditions. On the other hand, the serving cell may have orthogonal configurations of NZP/ZP CSI RS for each small cell and even IC-incapable UE can detect NZP CSI RS due to the ZP CSI RS protection of NZP CSI RS REs in the dense small cell scenario. It has been pointed out that the CSI RS alone may not serve as a standalone synchronization signal and additional synchronization should be provided. As described in the previous section, UE can acquire accurate time and frequency synchronization from the NZP/ZP CSI RS with shared PSS/SSS even in the dense small cell scenario; the UE acquires coarse synchronization from the shared PSS/SSS and refines the quality of synchronization by using CSI RS.

Proposal 7: NZP/ZP CSI RS with PSS/SSS sharing should be the baseline during the WI phase.

4 Conclusion

In this contribution, the design issues of DRS are discussed and the candidate DRS configurations are exemplified. Based on the discussions, we make the following proposals:
Proposal 1: If DRS alone cannot provide accurate synchronization reference, PSS/SSS sharing should be introduced for high density small cell deployments.
Proposal 2: The RRM measurement accuracy requirements in TS 36.133 should be applied for D-RRM measurements.
Proposal 3: The D-RRM measurements should support the restricted measurement subframe pattern.
Proposal 4: The serving cell may indicate measurement subframe set per each frequency.
Proposal 5: The serving cell should indicate to UE the measurement subframes within the measurement gap in each frequency if measurement gaps are configured to the UE.
Proposal 6: New configurations for measurement gap pattern should be introduced if UE can perform D-RRM measurements using one or a few DRS subframes.
Proposal 7: NZP/ZP CSI RS with PSS/SSS sharing should be the baseline during the WI phase.
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