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1. Introduction
According to RAN1 LSs in [1]-[3], for small cell discovery signal (DRS), it was agreed that CRS-based and CSI-RS-based RSRP measurements are supported, while the support of CRS and/or CSI-RS based RSRQ measurement(s) are still under discussion.
In RAN4 #71-RRM AH meeting, DRS based measurement requirements were discussed and system level simulation assumptions were agreed in [4]. The system level simulation outputs shall be used to find the proper SINR for defining the measurement accuracy requirements. Based on the agreed system level simulation assumptions, this contribution presents the SINR distributions of CRS and CSI-RS.
2. Simulation assumptions and simulation cases
As described in [4], the simulation assumptions for CRS/CSI-RS SINR are based on the assumptions for scenario 2a in TR 36.872, and the main difference is that the macro-cell layer is not considered in the simulation, i.e., only clustered small cells and UEs within the clusters are considered. Detailed simulation assumptions are provided in the Annex.
Simulation scenarios for CRS and CSI-RS SINR

4 typical scenarios are simulated, including: 

· 1 cluster per macro cell geographical area, 4 small cells per cluster
· 2 clusters per macro cell geographical area, 4 small cells per cluster
· 1 cluster per macro cell geographical area, 10 small cells per cluster
· 2 clusters per macro cell geographical area, 10 small cells per cluster

Simulation cases for CRS SINR
The simulations for CRS SINR are conducted under 100% and 50% traffic loads.

· Case A: 100% load per small cell
It is assumed that all the small cells transmit data/control channels at every TTI, and thus the CRS REs of one small cell suffer interference from all other small cells under simulation.

· Case B: 50% load per small cell
In this case, we assume that at one ceratin TTI, half of the small cells transmit data/control channels, thus these small cells produce interference on the desired CRS REs. Meanwhile, the other half of the small cells do not transmit data/control channels, and the collision probability between the desired CRS and the CRS from each of these small cells is modelled as 1/3, assuming random PCIs for small cells and two CRS antenna ports per small cell.
Simulation cases for CSI-RS SINR
For CSI-RS REs, there is no interference from small cells within the same cluster due to muting, i.e., no intra-cluster interference, as said in [4]. Regarding the inter-cluster interference, 3 cases are considered in our simulations.
· Case A: aligned CSI-RS configuration
Assume that the CSI-RS subframe and RE configurations for different small-cell clusters are alinged, which means: for the 1st small cell in each cluster, the non-zero-power CSI-RS is transmitted on the same subframe(s) and REs; for the 2nd small cell in each cluster, the non-zero-power CSI-RS is transmitted on the same subframe(s) and REs, and so on. In addition, with CSI-RS muting scheme, the non-zero-power CSI-RSs of different small cells within the same cluster are carried on different subframes or REs. In this case, for each small cell within cluster #k (k=0,1,...,20, or k=0,1,...41), its CSI-RS collides with the CSI-RS of only one small cell in each cluster except cluster #k. Therefore, in each cluster except cluster #k, only one small cell produces interference to the desired CSI-RS.
· Case B: unaligned CSI-RS configuration and 100% load per small cell
In case B, the CSI-RS subframe and RE configurations are not aligned among different clusters, for example, small cells in cluster #0 transmit CSI-RS in subframe #n, small cells in cluster #1 transmit CSI-RS in subframe #n+1. Since the traffic load per small cell is 100%, the CSI-RS of one samll cell experiences interference from all the small cells within different cluster.
· Case C: unaligned CSI-RS configuration and 50% load per small cell
Similarly to Case B, the CSI-RS subframe and RE configurations are not aligned among different clusters. In addition, with 50% laod per small cell, the CSI-RS of one samll cell experiences interference from 50% of the small cells within different cluster.
Table 1 summarizes the simulation cases described above.
Table 1.
Summary of the simulation cases
	Simulation cases
	Interference from small cells within the same cluster
	Interference from small cells within different cluster

	CRS RE
	Case A: 100% load per small cell
	Interference from all the small cells except the desired small cell

	
	Case B: 50% load per small cell
	Interference from 2/3 (i.e., 1/2+1/2*1/3) of the small cells except the desired small cell

	CSI-RS RE
	Case A: aligned CSI-RS configuration
	No interference from small cells within the same cluster
	Only one interfering small cell from each cluster

	
	Case B: unaligned CSI-RS configuration and 100% load per small cell
	No interference from small cells within the same cluster
	Interference from all the small cells

	
	Case C: unaligned CSI-RS configuration and 50% load per small cell
	No interference from small cells within the same cluster
	Interference from 50% of the small cells


3. Simulation results

The CRS/CSI-RS SINR CDF curves are given in Figure 1 to 4, and the 5%-tile SINR values are shown in Table 2. 
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Figure 1.
SINR CDF curves: 1 cluster per macro cell, 4 small cells per cluster
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Figure 2.
SINR CDF curves: 2 clusters per macro cell, 4 small cells per cluster
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Figure 3.
SINR CDF curves: 1 cluster per macro cell, 10 small cells per cluster
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Figure 4. SINR CDF curves: 2 clusters per macro cell, 10 small cells per cluster
Table 2.
Summary of 5%-tile SINR values
	5%-tile SINR (dB)
	1 cluster per macro cell, 4 small cells per cluster
	2 clusters per macro cell, 4 small cells per cluster
	1 cluster per macro cell, 10 small cells per cluster
	2 clusters per macro cell, 10 small cells per cluster

	CRS
	Case A: 100% load per small cell
	-1.20
	-1.98
	-2.91
	-3.48

	
	Case B: 50% load per small cell
	-0.02
	-0.80
	-1.68
	-2.20

	CSI-RS
	Case A: aligned CSI-RS configuration
	6.58
	3.41
	15.26
	8.34

	
	Case B: unaligned CSI-RS configuration and 100% load per small cell
	0.86
	-0.73
	1.74
	-0.98

	
	Case C: unaligned CSI-RS configuration and 50% load per small cell
	3.23
	1.09
	5.71
	1.56


Based on the simulation results, we have the following observations: 
Observation 1: CSI-RS with muting can achieve better SINR compared to CRS, as expected. 
Observation 2: For CRS SINR,

· When the traffic load decreases, the number of interfering small cells is reduced, and the CRS SINR increases.
· For one certain traffic load, the CRS SINR decreases as the number of clusters increases due to increased number of interfering small cells.

· For one certain traffic load and one ceratin number of clusters, the SINR performance for 10 small cells per cluster is worse than that for 4 small cells per cluster. This is because for 10 small cells per cluster, the interference situation is much more severe, although the desired signal strength is improved due to shorter distance between the UE and the serving small cell.
· The worst of 5%-tile CRS SINR is -3.48 dB, which is obatined in the sceanrio of 2 clusters per macro cell and 10 small cells per cluster, with 100% load per small cell.
Observation 3: For CSI-RS SINR,

· Quite good CSI-RS SINR performance is achieved in case A (aligned CSI-RS configuration). Especially, the 5-tile CSI-RS SINR is 15.26 dB in the sceario of 1 cluster per macro cell and 10 small cells per cluster. In addition, the CSI-RS SINR for case C (50% laod) is better than that for case B (100% load).
· Similarly to CRS SINR, for one certain traffic load, the CSI-RS SINR decreases as the number of clusters increases. 
· The worst of 5%-tile CSI-RS SINR is -0.98 dB, which is also obatined in the sceanrio of 2 clusters per macro cell and 10 small cells per cluster, with unaligned CSI-RS configuration and 100% load per small cell.

The following proposal is made:
Proposal: When determining the SINR for CRS and CSI-RS based measurement accuracy requirements, the worst case should be considered, i.e., -3.48dB SINR for CRS, -0.98dB SINR for CSI-RS.

4. Conclusion

This contribution presented the system level simulation for DRS based measurements under several typical cases. Based on the simulation results, it is proposed that:
Proposal: When determining the SINR for CRS and CSI-RS based measurement accuracy requirements, the worst case should be considered, i.e., -3.48dB SINR for CRS, -0.98dB SINR for CSI-RS.
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6. Annex: detailed simulation assumptions
The simulations are performed based on the assumptions in [4], which are copied below.

Table A-1 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 to LPN
	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
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