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1. Introduction

The WI of small cell enhancements - physical layer aspects was approved in RAN#62. One topic discussed is the small cell on/off, where the basic idea is to facilitate on/off switching of the small cells e.g. to reduce network energy consumption as well as to reduce interference during the times when the network load is low, and the concept of discovery reference signal (DRS) was introduced in RAN1 for this purpose. 

RAN1 sent out 3 LSs [1-3] after RAN1#77 meeting, where most of the RAN1 agreements on the DRS design were captured. It is mentioned in [3] that Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4. For this evelaution, there are some considerations on the side condition (SINR working point of DRS) due to, e.g. the new small cell deployment scenario, and the possible CSI-RS muting within a cluster.

In RAN4#71 RRM ad-hoc meeting, companies agreed to evaluate the proper SINR working point via system level simulations. The assumption for the simulation was agreed in [4].
In this paper we present the simulation results on the SINR working point for DRS measurement, and in particular, the CSI-RS based TP identification.
2. Simulation resutls 
The simulation assumptions are listed in Annex 1. 
The baseline is the SINR distribution of CRS with different small cells using different PCIDs, and the measurement is performed on serving cell. It can also be considered as SINR distribution of CSI-RS without muting, and the measurement is performed on the serving TP. The baseline result is shown in Figure 1 with different number of small cells per macro cell. 
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	Figure 1 Baseline result with different number of small cells per macro cell 


In the following, CSI-RS muting is considered so that when measurement is performed on the TPs within the cluster, there is only interference from TPs outside the cluster. This is the main advantage for CSI-RS based measurement, and will impact the SINR side condition applicable for the corresponding measurement requirements. 
Since CSI-RS muting is a common assumption for TP identification (small cells within a cluster are sharing the same PCID but transmitting different CSI-RS), for the case with muting we also provide the results where measurement is performed on neighboring TPs, more specifically the second best and the worst TP within the cluster. 

The results are shown in Figure 2. 
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	Figure 2 Comparison between baseline and CSI-RS muting cases


It can be seen that CSI-RS muting can considerably improve the SINR working point for identification of the best TP, with the 5%-tile value >= 3 dB. However, for the identification of the second best TP, SINR working point is much lower.     
Observation: With CSI-RS muting, the 5%-tile of the SINR CDF is >=3 dB for identification of the best TP. The SINR working point is much lower for the identification of the second best TP. 
3. Conclusion

In this paper we present system level simulation results to understand the SINR working point for DRS measurement. In particular, the impact of possible CSI-RS muting within small cell cluster is evaluated. We have the following observation:
Observation: With CSI-RS muting, the 5%-tile of the SINR CDF is >=3 dB for identification of the best TP. The SINR working point is much lower for the identification of the second best TP. 
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Annex: Simulation assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 2a according to 36.872: Outdoor small cell deployment, with small cells deployed in the presence of an overlaid macro network. Separate frequency deployment of the macro cell and small cells. Cluster deployment model should be referred. (LPNs are randomly dropped within 50 m radius cluster)

	Number of macro sites
	7

	Number of sectors per macro site
	3

	ISD
	500 m

	Number of LPNs per macro cell
	4 (1 cluster with 4 picos), 8 (2 clusters with 4 picos each), 10 (1 cluster with 4 picos), 20 (2 cluster with 10 picos each)

	Number of UEs
	40

	UE dropping
	UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor.

	LPN TX power
	1 w

	System BW
	10 MHz

	Carrier frequency of small cells
	f1=3.5 GHz

	Carrier frequency of macro cells
	f2 ≠ f1

	Minimum distance UE to LPN
	5 m

	Minimum distance LPN toLPN
	20 m

	LPN antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Network synchronization
	Synchronized

	Antenna height
	10m for LPN/Hotzone Node

	Pathloss model
	· ITU UMi
- Carrier Frequency : 3.5GHz

- 3D distance

UMi penetration, pathloss, and shadowing generation methodology is used for LPN to UE

	Load per LPN
	100%

	CSI-RS muting pattern
	Muting within a cluster and no muting within cluster


