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1 Introduction
DRS contain multiple signals at least for the purpose of coarse synchronization, cell identification and RRM measurements when small cell is off. RAN1#76bis further discussed the DRS design, and it was agreed that DRS comprises both PSS and SSS. Additional reference signal(s) comprised by DRS include CRS and/or CSI-RS. RAN1 will continue the evaluation and down select the following alternatives in the RAN1#77 meeting:
· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable

· Alt. 3a: DRS is PSS/SSS/CRS
· Alt. 3b: DRS is PSS/SSS/CSI-RS
· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable

In this contribution, we will analyze different small cell deployment scenarios to see whether CRS-based measurement and DRS-based measurement need to be compared, and if so how RAN2 specifications might be impacted in order to incorporate the DRS based measurement.
2 Discussion
2.1 Comparison between CRS-based measurement and DRS-based measurement in different scenarios
Depending on the DRS design in RAN1, new DRS based measurement quantities may need to be defined. So far, RAN1 suppose that DRS should be able to achieve comparable RRM measurement performance to legacy CRS-based measurement [1]. The corresponding accuracy requirements will be defined by RAN4.
To incorporate DRS based measurement into the existing handover, carrier aggregation, and dual connectivity procedures, we should first clarify whether CRS-based measurement and DRS-based measurement can be made comparable or even interchangeable. This question is to be answered by RAN1 and RAN4. From RAN2 perspective, we can first discuss whether CRS-based measurement and DRS-based measurement needs to be compared, which is relevant to different small cell deployment scenarios, as shown in Figure 1. 
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Figure 1: Small cell deployment scenarios
In Scenario A, a cluster of coordinated small cells on the same frequency are operating on/off. For multiple carrier UEs operating carrier aggregation or dual connectivity, it is not necessary to compare the DRS based measurements for small cells to the CRS based measurement for macro cell, since the macro cell acts as the PCell while the small cell acts as the SCell.
In Scenario B, some small cells are operating on/off, while at the same time some neighboring small cells on the same frequency are not. For multiple carrier UEs operating carrier aggregation or dual connectivity, comparison between DRS based measurement and CRS based measurement is needed for the purpose of SCell change. However, it is not clear whether such a deployment is reasonable, as it is difficult to perform inter-cell interference coordination.

In Scenario C, small cells are deployed on two different frequency layers (e.g. F1 and F2). Small cells on F1 are operating on/off, while small cells on F2 are not. Same as Scenario A, for multiple carrier UEs operating carrier aggregation or dual connectivity, it is not necessary to compare the DRS based measurement for small cells on F1 to the CRS based measurement for macro cell or small cells on F2, since the macro cell or the small cell on F2 acts as the PCell while the small cell on F1 acts as the SCell.
In all the scenarios, although it is included in the WID scope, it worth to discuss whether it is necessary for single carrier UEs (i.e. UEs not capable of carrier aggregation and dual connectivity) to support DRS based measurement. In order to achieve the desired performance gain, small cell will perform on/off quickly, e.g. in the order of tens of milliseconds. With the new L1 procedure under discussion in RAN1, small cell on/off will be even quicker, e.g. <10ms. For single carrier UEs, quick small cell on/off will result in frequent handovers which is not efficient from signaling perspective. On the other hand, if a single carrier UE is served by a small cell, then the small cell has to first handover the single carrier UE towards other cells before the small cell is off. In this case, quick cell on/off would be unfeasible given the long delay of the handover procedure.
Proposal 1: Discuss the scenarios to see whether CRS-based measurement and DRS-based measurement need to be compared.
2.2 Potential RAN2 impacts if CRS-based measurement and DRS-based measurement are not comparable

If comparison between CRS-based measurement and DRS-based measurement is required however they are not comparable, then existing event evaluation and measurement reporting procedures in RAN2 specification will be impacted. For example:

1) Event A3 evaluation. Currently, the entering condition is satisfied when a neighbour cell becomes offset better than the PCell. If measurement for the neighbour cell is DRS based while measurement for the PCell is CRS based, then Event A3 evaluation may not be feasible. Alternatively, eNB could configure the UE with Event A5 (i.e. PCell becomes worse than threshold1 and neighbour becomes better than threshold2) rather than Event A3 in this case.
2) Event A6 evaluation. Currently, the entering condition is satisfied when a neighbour cell becomes offset better than the SCell. If measurement for the neighbour cell is DRS based while measurement for the SCell is CRS based, then Event A6 evaluation may not be feasible. Then, a new Event for SCell change might be needed in this case.
3) Measurement reporting. Currently, all the applicable neighbouring cells on a carrier frequency will be accommodated in the same Measurement Report message in order of decreasing quantity (i.e. the best cell is included first). If measurements for some neighbouring cells are CRS based while measurements for other neighbouring cells are DRS based, then the measurement reporting procedure needs to be modified, e.g. CRS based measurement and DRS based measurement are reported separately.
Proposal 2: Discuss the potential impacts on existing event evaluation and measurement reporting procedures.
3 Conclusion

In this contribution, we first analyzed different small cell deployment scenarios to see whether CRS-based measurement and DRS-based measurement need to be compared. Then, we analyzed the potential RAN2 specification impacts if comparison between CRS-based measurement and DRS-based measurement is required however they are not comparable. We have the following proposals:
Proposal 1: Discuss the scenarios to see whether CRS-based measurement and DRS-based measurement need to be compared.
Proposal 2: Discuss the potential impacts on existing event evaluation and measurement reporting procedures.
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