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1. 
Introduction
In RAN4#71bis, it has been agreed [1] that system level evaluations for small cell on/off and discovery signal will be helpful to understand the proper SINR for which the measurement accuracy requirements should be applicable.
In this contribution, interference conditions for DRS measurement are evaluated based on SLS. 
2. SLS and Observations
· Network Topology

	Topology 1

7 Macro BS

1 cluster within a macro BS sector, dropping 4 LPNs within a cluster

Drop 10 MS per Macro cell
	Topology 2

7 Macro BS

1 cluster within a macro BS sector, dropping 10 LPNs within a cluster

Drop 10 MS per sector
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· CRS or CSI-RS (no muting)
	
	Topology 1: 4 LPNs within a cluster
	Topology 2: 10 LPNs within a cluster

	LPN load=100%
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	LPN load=50%
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· CSI-RS (with muting)
	Topology 1: 4 LPNs within a cluster
	Topology 2: 10 LPNs within a cluster
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· Observation and Analysis

Table 1: Summary of SLS results for CRS and CSI-RS without muting
	
	1st strongest LPN
	2nd strongest LPN
	3rd strongest LPN
	4th strongest LPN

	4 LPN per cluster
	LPN loading 50%
	90 percentile SINR
	-3 dB
	-20 dB
	-25 dB
	-30 dB

	
	
	Prob. of SINR>-3dB
	90%
	33%
	15%
	3%

	
	LPN loading 100%
	90 percentile SINR
	-2 dB
	-16 dB
	-22 dB
	-27 dB

	
	
	Prob. of SINR>-3dB
	100%
	0%
	0%
	0%

	10 LPN per cluster
	LPN loading 50%
	90 percentile SINR
	3 dB
	-20 dB
	-30 dB
	-35 dB

	
	
	Prob. of SINR>-3dB
	93%
	30%
	10%
	3%

	
	LPN loading 100%
	90 percentile SINR
	2.5 dB
	-22.5 dB
	-31.5 dB
	-38.5dB

	
	
	Prob. of SINR>-3dB
	90%
	0%
	0%
	0%


When CRS and CSI-RS without muting are considered, the 90 percentile of SINR of the top four strongest LPN are summarized in Table 1. It is shown that the SINR associated with the 2nd, 3rd and 4th strongest LPN are much smaller than with the strongest LPB. As a result, with a high probability, CRS and CSI-RS without muting can only be measured in the very limited number of LPN, e.g In 70% of cases, only the strongest LPN is measurable. Based on the above observations, the following setup for CRS and CSI-RS without muting is proposed for measurement accuracy study.

	· Two LPN based network is considered.

· The first LPN: Es/Noc=4.8dB

· The second LPN: Es/Noc=-3dB


Table 2 Summary of SLS results for CSI-RS with muting and LPN loading 50%
	
	1st strongest LPN
	2nd strongest LPN
	3rd strongest LPN
	4th strongest LPN

	4 LPN per cluster
	Reuse factor 3
	90 percentile SINR
	8 dB
	-12 dB
	-20 dB
	-30 dB

	
	
	Prob. of SINR>-3dB
	100%
	78%
	60%
	35%

	
	Reuse factor 6
	90 percentile SINR
	15 dB
	0 dB
	-10 dB
	-20 dB

	
	
	Prob. of SINR>-3dB
	100%
	92%
	85%
	70%

	
	Reuse factor 9
	90 percentile SINR
	18 dB
	3 dB
	-3 dB
	-10 dB

	
	
	Prob. of SINR>-3dB
	100%
	96%
	90%
	80%

	10 LPN per cluster
	Reuse factor 3
	90 percentile SINR
	0 dB
	-16 dB
	-20 dB
	-23 dB

	
	
	Prob. of SINR>-3dB
	95%
	58%
	35%
	23%

	
	Reuse factor 6
	90 percentile SINR
	2 dB
	-9 dB
	-15 dB
	-20 dB

	
	
	Prob. of SINR>-3dB
	97%
	78%
	60%
	50%

	
	Reuse factor 9
	90 percentile SINR
	2 dB
	-9 dB
	-13 dB
	-16 dB

	
	
	Prob. of SINR>-3dB
	97%
	80%
	70%
	55%


When CSI-RS with muting is considered, the 90 percentile of SINR of the top four strongest LPN are summarized in Table 2. CSI-RS SINR is significantly improved with muting. The reuse factor is defined to quantify the number of muted CSI-RS sets. For example, if reuse factor of 3 is assumed, there are two muted CSI-RS sets configured. As expected, the larger the reuse factor is assumed, inter-LPN interference can be significantly reduced and the better SINR can be achieved. However, it is noted that large reuse factor also indicate less RE for PDSCH transmission, which also impacts the overall system performance. As shown in Table 2, reuse factor 6 can provide quite significant improvement over reuse factor 3. When it is increased from 6 to 9, the improvement seems getting saturated. Based on the above observations, the following setup for CSI-RS with muting is proposed for measurement accuracy study.

	· Three LPN based network with CSI-RS muting is considered. No CSI-RS colliding is assumed

· The first LPN: Es/Noc=5dB

· The second LPN: Es/Noc=0dB

· The third LPN: Es/Noc=-3dB


3. Conclusion
In this contribution, the interference conditions for DRS are analysed based on SLS. It is observed
· It is very likely that CRS and CSI-RS without muting can only be measured in the very limited number of LPN. For example, in 70% of cases, only the strongest LPN is measurable.
· CSI-RS SINR is significantly improved with muting.
· When muted CSI-RS is assumed, reuse factor of 6 provides a good trade-off between CSI-RS SINR and CRS-RS overhead.
As a result, the setup for CRS and CSI-RS without muting is proposed as

	· Two LPN based network is considered.

· The first LPN: Es/Noc=4.8dB

· The second LPN: Es/Noc=-3dB


For CSI-RS with muting, the setup is proposed as

	· Three LPN based network with CSI-RS muting is considered. No CSI-RS colliding is assumed

· The first LPN: Es/Noc=5dB

· The second LPN: Es/Noc=0dB

· The third LPN: Es/Noc=-3dB
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5. Appendix

5.1 Simulation assumptions

Table 3 summarizes the parameters to be used for system level evaluation. 

Table 3 Assumptions for system level evaluation

	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
	Sparse  scenario
	4

	
	Dense scenario
	10

	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
	50% and 100%

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


