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Introduction
In RAN4 #71AH meeting, system level simulation assumptions for RRM measurements based on CSI-RS/CRS were approved in [1], to study the SINR side condition for CRS/CSI-RS based SCE RRM.
In this contribution, we provide the simulation results for CRS/CSI-RS based SINR according to the agreed assumptions.

Methodology for Interference Level Evaluation
The methodology for interference level evaluation is describled as below:
(1) Step 1: Each UE connect to a serving cell (macro cell or small cell) based on the evaluated geometry.
a) Macro cells and small cells are assumed on different frequency layer.
b) Geometry is evaluated assuming full load traffic model.
(2) Step 2: Identify cell edge UE, cell medium UE, and cell centre UE simiar as the methodology in NAICS SI:
a) Cell edge UE: geometry is in the range of 5%~25% -tile;
b) Cell medium UE: geometry is in the range of 40% ~60% -tile;
c) Cell centre UE: geometry is in the range of 75%~95% -tile;
(3) Step 3: For each UE, calculate the wideband SINR of top 3 strongest interference small cells.
Assuming  is the wideband SINR from UE i to Cell j, it is calculated as

where  is the received power from Cell j at UE i and  is the noise power.
a) For CRS based SINR,  if CRS of interfernece cell  is colliding with targeted cell . Otherwise, .
b) For CSI-RS based SINR, it is assumed CSI-RS muting is applied within each small cell cluster. Therefore,  if CRS of interfernece cell  is in the same cluster with targeted cell . Otherwise, .
(4) Step 4: For each set of UE, the average SINR of top 3 interfence cells is calculated.


Smulation Results
The detailed simulation assumptions are listed in Table A.1 in Annex A.
In this paper, we mainly focus on dense small cell deployment, i.e. 10 LPNs per macro cell. The results under sparse deployment are listed in Annex B.
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3.1 
Results for cell edge UE
In this sub-section, the interference level results of top 3 strongest interference small cells are presetned for cell edge UE.  Furthermore, the results are presented for SCE UE and macro UE in Table 1 and Table 2 separately. 
Table 1: Interference Level of Top 3 Strongest Interfernece Small Cells for SCE UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	0.28
	-4.92
	-9.79

	CRS based, 50% load
	2.30
	-2.88
	-7.76

	CSI-RS based, 100% load
	11.54
	7.65
	2.83

	CSI-RS based, 50% load
	14.49
	10.60
	5.79

	
	
	
	


Table 2: Interference Level of Top 3 Strongest Interfernece Small Cells for Macro UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	-1.06
	-4.79
	-8.77

	CRS based, 50% load
	0.93
	-2.80
	-6.82

	CSI-RS based, 100% load
	9.69
	6.90
	2.96

	CSI-RS based, 50% load
	12.63
	9.85
	5.92

	
	
	
	


Results for cell medium UE
In this sub-section, the interference level results of top 3 strongest interference small cells are presetned for cell medium UE.  Furthermore, the results are presented for SCE UE and macro UE in Table 3 and Table 4 separately.
Table 3: Interference Level of Top 3 Strongest Interfernece Small Cells for SCE UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	4.42
	-8.03
	-12.82

	CRS based, 50% load
	6.48
	-5.87
	-10.78

	CSI-RS based, 100% load
	16.87
	8.62
	3.22

	CSI-RS based, 50% load
	19.80
	11.56
	6.16

	
	
	
	


Table 4: Interference Level of Top 3 Strongest Interfernece Small Cells for Macro UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	0.92
	-5.98
	-10.21

	CRS based, 50% load
	2.90
	-3.96
	-8.18

	CSI-RS based, 100% load
	12.37
	7.63
	3.08

	CSI-RS based, 50% load
	15.31
	10.57
	6.03

	
	
	
	


Results for cell centre UE
In this sub-section, the interference level results of top 3 strongest interference small cells are presetned for cell centre UE.  Furthermore, the results are presented for SCE UE and macro UE in Table 5 and Table 6 separately.
Table 5: Interference Level of Top 3 Strongest Interfernece Small Cells for SCE UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	9.56
	-12.81
	-17.28

	CRS based, 50% load
	11.53
	-10.68
	-15.20

	CSI-RS based, 100% load
	21.50
	7.44
	1.46

	CSI-RS based, 50% load
	24.40
	10.36
	4.38

	
	
	
	


Table 6: Interference Level of Top 3 Strongest Interfernece Small Cells for Macro UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	2.19
	-6.78
	-11.14

	CRS based, 50% load
	4.24
	-4.66
	-9.07

	CSI-RS based, 100% load
	15.24
	9.28
	4.56

	CSI-RS based, 50% load
	18.15
	12.20
	7.49

	
	
	
	



Discussion
Based on the above simulation results, it can be observed:
· For all interference level of the top 3 strongest cells, CSI-RS based interference level shows more than 10 dB gain over CRS based, if CSI-RS muting is applied within each small cell cluster.
· For CRS based RRM measurement, the side condition of 2nd and 3rd interference cell is expected to be much worse than the legacy side condition. Thus, it may be a big chanllege for UE implementation if the similar performance requirement is applied.

Conclusion
In this contribution, we provide the simulation results of the interference level of top 3 srongest interfernece small cells. Our observations are,
· For all interference level of the top 3 strongest cells, CSI-RS based interference level shows more than 10 dB gain over CRS based, if CSI-RS muting is applied within each small cell cluster.
· For CRS based RRM measurement, the side condition of 2nd and 3rd interference cell is expected to be much worse than the legacy side condition. Thus, it may be a big chanllege for UE implementation if the similar performance requirement is applied.
Furthermore, it is proposed to take those results into account when RAN4 group define the side condition for RRM measurement based on CSI-RS and CRS.

Reference
[1] R4-71AH-0095, System level simulation assumptions for RRM measurements based on CSI-RS/CRS, Ericsson.


Annex A: Simulation Assumptions
[bookmark: _Ref319411394]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 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





Annex B: Simulation Results for Sparse Deployment
In sparse small cell deployment, there are 4 LPNs per macro cell.
4 
5 
6 
6.1 
Results for cell edge UE
In this sub-section, the interference level results of top 3 strongest interference small cells are presetned for cell edge UE.  Furthermore, the results are presented for SCE UE and macro UE in Table 7 and Table 8 separately. 
Table 7: Interference Level of Top 3 Strongest Interfernece Small Cells for SCE UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	2.61
	-5.01
	-14.36

	CRS based, 50% load
	4.81
	-2.76
	-12.23

	CSI-RS based, 100% load
	12.88
	7.25
	-5.18

	CSI-RS based, 50% load
	15.57
	10.00
	-2.38

	
	
	
	


Table 8: Interference Level of Top 3 Strongest Interfernece Small Cells for Macro UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	0.15
	-4.20
	-11.68

	CRS based, 50% load
	2.24
	-2.06
	-9.73

	CSI-RS based, 100% load
	8.80
	5.41
	-4.00

	CSI-RS based, 50% load
	11.44
	8.09
	-1.27

	
	
	
	


Results for cell medium UE
In this sub-section, the interference level results of top 3 strongest interference small cells are presetned for cell medium UE.  Furthermore, the results are presented for SCE UE and macro UE in Table 9 and Table 10 separately.
Table 9: Interference Level of Top 3 Strongest Interfernece Small Cells for SCE UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	9.02
	-11.16
	-19.50

	CRS based, 50% load
	11.16
	-8.90
	-17.27

	CSI-RS based, 100% load
	18.07
	3.37
	-9.37

	CSI-RS based, 50% load
	20.68
	6.08
	-6.60

	
	
	
	


Table 10: Interference Level of Top 3 Strongest Interfernece Small Cells for Macro UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	3.02
	-5.96
	-14.56

	CRS based, 50% load
	5.16
	-3.74
	-12.48

	CSI-RS based, 100% load
	13.53
	7.16
	-4.71

	CSI-RS based, 50% load
	16.15
	9.83
	-1.97

	
	
	
	


Results for cell centre UE
In this sub-section, the interference level results of top 3 strongest interference small cells are presetned for cell centre UE.  Furthermore, the results are presented for SCE UE and macro UE in Table 11 and Table 12 separately.
Table 11: Interference Level of Top 3 Strongest Interfernece Small Cells for SCE UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	17.99
	-20.64
	-27.44

	CRS based, 50% load
	20.04
	-18.31
	-25.18

	CSI-RS based, 100% load
	23.86
	-5.80
	-15.43

	CSI-RS based, 50% load
	26.35
	-3.15
	-12.71

	
	
	
	


Table 12: Interference Level of Top 3 Strongest Interfernece Small Cells for Macro UE
	
	1st cell(dB)
	2nd cell(dB)
	3rd cell(dB)

	CRS based, 100% load
	4.95
	-7.77
	-16.56

	CRS based, 50% load
	7.05
	-5.56
	-14.43

	CSI-RS based, 100% load
	15.02
	5.58
	-6.59

	CSI-RS based, 50% load
	17.61
	8.26
	-3.86
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