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1 Introduction

This contribution presents deterministic analysis and simulation results on co-existence evaluation and performance evaluation results on Set 2 Scenario 1 for additional TDD configuration [1].  
2 Deterministic analysis

We have used deterministic analysis approach described in [2] where the minimum required site separation distance can be acquired based on the transmitter and receiver RF requirements. Some other assumptions used for this analysis is based on [3]. 

2.1 Macro-Pico (UL-DL)

When assuming a pico eNB uses 10:0:0 or 9:1:0 configuration and a macro eNB uses existing TDD DL/UL configuration where two eNBs are belonging to different operators, to minimize the performance degradation on macro eNB’s uplink reception, the minimum distance (km) between the pico eNB from the macro eNB for tight and relaxed cases is as the followings.
Table 1. Separation (km) analysis
	Requirement
	LOS
	Separation

	Tight
	Pathloss - LOS
	1.502

	Tight
	Pathloss - NLOS
	0.275

	Relaxed
	Pathloss - LOS
	0.107

	Relaxed
	Pathloss - NLOS
	0.050


3 Co-existence analysis via Monte Carlo simulations
This section presents geometry results on Scenario 1 (Operator_A: small cell (outdoor pico), Operator_B: Macro cell) in [4].
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Figure 1: Scenario 1, Operator B’s UL geometry
Figure 1 show the performance degradation of Operator B’s UL when Operator A uses DL in terms of geometry. As shown in Figure 1, approximately 5dB degradation is expected when the adjacent channel of Operator A uses DL while Operator B is operating UL. 
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Figure 2: Scenario 1, Operator A’s DL geometry
Figure 2 show the performance impact on Operator A’s DL when Operator B uses DL and Operator B uses UL. Overall, the uplink of Operator B would not impact considerably on Operator A’s DL performance.  

4 Performance evaluation
For the performance evaluation, we have simulated Set 2 Scenario 1 as the followings:
· Performance Evaluation Set 2 [4]
· Scenario 1: 

i. Operator_A: SCell: small cell (outdoor pico) (PCell is a standalone cell on another frequency band)

· Carrier frequency: 2.7GHz

· Channel bandwidth: 10MHz

· Duplex mode: 

· Case 1: TDD UL/DL configuration 2 with special configuration 4

· Case 2: TDD UL/DL configuration 5 with special configuration 4

· Case 3: New TDD UL/DL configurations (10:0:0)

ii. Operator_B: Standalone Macro cell

· Carrier frequency: 2.7GHz

· Channel bandwidth: 10MHz

· Duplex mode: TDD UL/DL configuration 2 with special configuration 4

4.1 Performance Set 2 Scenario 1

Table 2 shows the performance of Operator B’s UL for each case. It can be assumed that Case 1 is the baseline and the performance degradation of other cases is analyzed. 

	Table 2: Performance set 2, Scenario 1, Operator B’s UL results (i.e., ‘Ratio of DL/UL traffic arrival rate = 4’)

DL traffic arrival rate (λ)
	Duplex

mode
	Cell avg. Pkt

Thpt [Kbps]
	Gain

[%]
	Y-percentile UE avg. Pkt Thpt [Kbps]

	
	
	
	
	Y = 5
	Gain

[%]
	Y = 50
	Gain

[%]
	Y = 95
	Gain

[%]

	1
	Case 1
	3883.46
	N/A
	1600.00
	N/A
	3893.54
	N/A
	6023.53
	N/A

	
	Case 2
	2422.42
	-37.62
	902.02
	-43.62
	2301.12
	-40.90
	4411.18
	-26.77

	
	Case 3
	2192.75
	-43.54
	782.88
	-51.07
	2077.08
	-46.65
	4039.45
	-32.94

	
	Case 2 + Power Control
	3857.50
	-0.67
	1684.56
	5.29
	3806.69
	-2.23
	6041.30
	0.30

	
	Case 3 + Power Control
	3783.69
	-2.57
	1638.07
	2.38
	3810.23
	-2.14
	5719.87
	-5.04

	1.5
	Case 1
	2543.33
	N/A
	864.52
	N/A
	2380.71
	N/A
	4858.84
	N/A

	
	Case 2
	1410.24
	-44.55
	554.68
	-35.84
	1152.18
	-51.60
	3080.52
	-36.60

	
	Case 3
	1265.15
	-50.26
	543.68
	-37.11
	1027.34
	-56.85
	2710.79
	-44.21

	
	Case 2 + Power Control
	2459.09
	-3.31
	837.07
	-3.17
	2271.14
	-4.60
	4751.74
	-2.20

	
	Case 3 + Power Control
	2431.74
	-4.39
	839.36
	-2.91
	2281.89
	-4.15
	4576.54
	-5.81


	DL traffic arrival rate (λ)
	Duplex

mode
	Packet drop ratio [%]
	Time resource utilization [%]

	1
	Case 1
	0.00
	26.39

	
	Case 2
	0.38
	39.15

	
	Case 3
	0.59
	42.04

	
	Case 2 + Power Control
	0.00
	26.47

	
	Case 3 + Power Control
	0.00
	26.67

	1.5
	Case 1
	0.22
	50.12

	
	Case 2
	14.17
	71.77

	
	Case 3
	20.08
	75.32

	
	Case 2 + Power Control
	0.24
	51.19

	
	Case 3 + Power Control
	0.46
	51.42


As shown in Table 2, overall 43-50% performance degradation in Case 3 is expected. One of the mitigation techniques is to use power control of Operator A. For example, Operator A performs measurement and reduces the downlink power considerably when Operator B may have UL traffic. Based on this the results are shown in “Case 2 + power control” and “Case 3 + power control”. As shown, the performance degradation becomes less than 5%. It is also shown that packet drop rate is reduced greatly. 
	Table 3: Performance set 2, Scenario 1, Operator A’s DL results (i.e., ‘Ratio of DL/UL traffic arrival rate = 4’) 

DL traffic arrival rate (λ)
	Duplex

mode
	Cell avg.Pkt

Thpt [Kbps]
	Gain

[%]
	Y-percentile UE avg. Pkt Thpt [Kbps]

	
	
	
	
	Y = 5
	Gain

[%]
	Y = 50
	Gain

[%]
	Y = 95
	Gain

[%]

	1
	Case 1
	21231.90
	N/A
	9775.66
	N/A
	24094.10
	N/A
	26089.20
	N/A

	
	Case 2
	24583.00
	15.78
	12642.00
	29.32
	26947.40
	11.84
	29897.80
	14.60

	
	Case 3
	27418.00
	29.14
	14787.00
	51.26
	29681.20
	23.19
	33300.80
	27.64

	
	Case 2 + Power Control
	24847.90
	17.03
	12880.50
	31.76
	27125.80
	12.58
	30117.60
	15.44

	
	Case 3 + Power Control
	27912.40
	31.46
	15226.80
	55.76
	30117.60
	25.00
	33573.80
	28.69

	1.5
	Case 1
	18109.30
	N/A
	5312.58
	N/A
	21005.10
	N/A
	25284.00
	N/A

	
	Case 2
	22259.30
	22.92
	9022.03
	69.82
	25441.00
	21.12
	29467.60
	16.55

	
	Case 3
	25012.20
	38.12
	11010.80
	107.26
	28248.30
	34.48
	32507.90
	28.57

	
	Case 2 + Power Control
	22512.40
	24.31
	9183.86
	72.87
	25924.10
	23.42
	29681.20
	17.39

	
	Case 3 + Power Control
	25481.90
	40.71
	11221.90
	111.23
	28845.10
	37.32
	32768.00
	29.60


	DL traffic arrival rate (λ)
	Duplex

mode
	Packet drop ratio [%]
	Time resource utilization [%]

	1
	Case 1
	0.00
	19.21

	
	Case 2
	0.00
	16.51

	
	Case 3
	0.00
	14.84

	
	Case 2 + Power Control
	0.00
	16.32

	
	Case 3 + Power Control
	0.00
	14.57

	1.5
	Case 1
	0.01
	33.03

	
	Case 2
	0.00
	26.69

	
	Case 3
	0.00
	23.86

	
	Case 2 + Power Control
	0.00
	26.38

	
	Case 3 + Power Control
	0.00
	23.42


Table 3 summarizes the results on Operator A’s DL throughput. Overall we observed that about 30-40% performance gain can be achieved by Case 3 compared to Case 1. As downlink power control reduces the overall UL utilization of Operator B, downlink performance of Operator A can be slightly improved.
5 Conclusion
This contribution presents deterministic analysis and geometry CDF for coexistence evaluation and performance results on Set 2 Scenario 1 for performance evaluation. 
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