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Introduction
This paper presents preliminary uplink coexistence simulation results for Medium Range (MR) base stations. Simulations were performed in which the MR base stations were deployed using a Manhattan layout as described in TR 25.942 [1] with modifications proposed after RAN4-61. Aggressor scenarios included macro systems with 500m and 1732m ISDs.

Simulation assumptions and configuration
The simulation assumptions and configurations are summarized in the following tables. Figures 1, 2 and 3 depict the overlay between the victim and aggressor systems.

Table 6.3.2-1: Macro cell deployment parameters

	Simulation Parameter
	Parameter value

	Grid Pattern
	Hex grid 19 sites/57 cells (Figure 6.3.1-1)

	Cell sectorization
	Tri-sector

	Macro cell radius
	ISDs of 500m and 1732 m
Note: TR 36.942

	BS antenna pattern
	Antenna Pattern for 3-Sector Cells according to TR 36.942 [7]

	Antenna gain (including losses) 
a) Base station
b) Mobile 
	
15 dBi
0 dBi UE

	MCL (Macro BS-to-UE) 
	70 dB 

	Log-normal shadow fading 

Standard deviation

Site-to-site correlation

Intra site correlation
	
10 dB
0.5
1

	Number of UEs
	3 active UE drops per sector per snapshot 
(as defined in TR 36.942 [7])

	Macro UE distribution in area covered by Macro network, but not covered by Micro network
	Random and uniform distribution

	Macro UE distribution in area overlapped by Micro network
	Random and uniform distribution over the streets of the Manhattan grid according to the description in 6.3.1.2 and Figure 6.3.1.2-5.

	Collection of output statistics
	Use cell#1 in the Macro grid (See figure 6.3.1.2-3 and 6.3.1.2-4)


Table 6.3.2-2: Micro cell deployment parameters

	Simulation Parameter
	Agreed assumptions

	Grid Pattern
	Manhattan grid (modified)  (Figure 6.3.1-2)

	Cell sectorization
	Omni

	BS antenna pattern
	Omni-directional

	Antenna gain (including losses) 
a) Base station
b) Mobile 
	
11 dBi
0 dBi UE

	MCL (Micro BS-to-UE) 
	53 dB 

	Log-normal shadow fading 

Standard deviation

Site-to-site correlation

Intra site correlation
	
8 dB
0.5
1

	Number of UEs
	3 active UE drops per micro cell per snapshot

	UE distribution
	Random and uniform distribution over the streets of the Manhattan grid

	Collection of output statistics
	12x12 grid: Use the “center” 6 cells as defined in Figure 4.8 of TR 25.942 [5]
24x24 “extended grid”: [Use the “center” 6 cells as defined in Figure 4.8 of TR 25.942 [5]]
NOTE: TR 25.942 v10.0.0 does not actually have a Figure 4.8.The center six cells for both ISDs are based on diagrams shared via the RAN-4 email reflector after RAN4-61. It is assumed that this figure will be added to the TR as a product of this study item. 


6.3.3
System parameters

Table 6.3.3-1: Simulation Assumptions for macro cell

	Simulation Parameter
	Parameter value

	Bandwidth
	10 MHz

	Noise floor RBS receiver Macro 
	-100 dBm   (in 10 MHz)

	Noise floor 
	-103 dBm

	Noise figure
	5 (Minimum range to cover)

	Maximum TX power for 

LTE macro BS

UE
	
46 dBm/10 MHz
23 dBm

	Minimum TX power LTE UE
	-40 dBm

	Power control for LTE UE
	PC1 and PC2 model from TR 36.942 [7].

	ACIR 
	Fixed -30/-43 dB, using ACIR model in clause 5.1.1.3 of TR 36.942 [7] (with X=0)


Table 6.3.3-2: Simulation Assumptions for micro cell

	Simulation Parameter

	Parameter value

	Bandwidth
	10 MHz

	Noise floor RBS receiver Micro
	-90 dBm  (in 10 MHz)

	Noise floor range for Micro BS 
(sensitivity simulations)
	Range of up to -103 dBm to -73 dBm (in 5 MHz)

	Noise figure
	5-13 dB (Minimum range to cover)

	Maximum TX power for 

LTE Micro BS

UE
	
38 dBm/10 MHz
23 dBm

	Minimum TX power LTE UE
	-40 dBm

	Power control for LTE UE
	[PC1 and PC2 model from TR 36.942 [7].]

(Models need to be refined for Micro cell parameters)
NOTE: PC1 and PC2 model from TR 36.942 were used. No consensus was reached regarding PC models for micros since RAN4-61.

	ACIR 
	Fixed -30/-43 dB, using ACIR model in clause 5.1.1.3 of TR 36.942 [7] (with X=0)
NOTE: Data for X = -5dB, +5dB are included for reference.

	Number of UEs
	3 active UE drops per micro cell per snapshot

	UE distribution
	Uniformly distributed in the streets of the Manhattan grid


Table 6.3.3-3: Common Simulation parameters

	Simulation Parameter

	Parameter value

	Carrier frequency (for propagation model)
	2 GHz

	Data traffic model
	Full buffer traffic

	Cell selection
	Based on a simple path loss criteria (including shadowing) in the UEs own network

(each micro and/or macro network is independent, i.e. no overlay/underlay network is assumed)

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of TR36.942 [7].

	Output statistics (Impact on BS noise floor)
	The noise floor versus throughput loss (5th percentile and average) of the victim networks; Plots for macro & micro victim BS.

	Output statistics (Interferer levels)
	CDF of the received interference power in dBm from an aggressor (Enlarged to show 99.99% point)
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Figure 1. Macro aggressor network, ISD = 500m
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Figure 2. Macro aggressor network, ISD = 1732m
Simulation results
Graphs are presented showing simulation results for throughput loss due to inter-system interference. The numbers represent the ratio between the average uplink throughput for the central cells with inter-system interference and without inter-system interference. Figure 3 presents data for the smaller system (aggressor ISD = 500m, victim = 72 cells arranged on the Manhattan grid), and Figure 4 presents data for the larger system (aggressor ISD = 1732m, victim = 288 cells arranged on the Manhattan grid). ‘X’ represents the adjustment to the simulated ACLR values of 30 and 43 dB (i.e., -5 corresponds to ACLR of 25 and 38 dB).
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Figure 3. Throughput loss vs. ACLR offset (ISD=500m)
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Figure 4. Throughput loss vs. ACLR offset (ISD=1732m)
Conclusions

The results indicate that the smaller layout is more sensitive to ACLR degradation and thus would represent a worse case for setting blocking specifications. The results indicate that the power control models give opposite results depending on the system size.
The simulation used the path loss function found in [1] (Sections 4.5.2 and 9.1) for both the small and large systems. The function given is
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Since the smaller system will have a higher UE density, it isn’t surprising that the smaller system shows a higher sensitivity to interference. Application of a single path loss model for all macro-system radii may be a topic for reconsideration.
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