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1 Introduction
In RAN#68, either eNB or UE based sensing based coexistence mechanisms are discussed and captured in TR 36.825 for potential coexistence mechanisms. After detecting adjacent legacy TDD DL-UL configuration, as one of potential mechanism, eNB can reduce the power to minimize the interference. This contribution evaluates the power control mechanisms as a potential interference mitigation technique. In terms of power control, it evaluates both downlink power reduction at the aggressor and uplink power boosting at the victim. The evaluation is based on simulation scenario Performance Evaluation Set 2 Scenario 1 [1].  
2 Interference Mitigation Mechanisms
(1) Mechanism 1: Semi-static power reduction of aggressor downlink transmission

First approach is to reduce the downlink transmission power of eNB which uses additional TDD configuration to minimize the interference to adjacent carrier’s uplink reception. In terms of determining how much power reduction should be used, the aggressor can utilize the channel quality from the potential victim eNB based on channel sensing/monitoring if possible. For example, based on the estimated pathloss between victim eNB and itself, it can determine the power level to reduce. Once the power offset is determined, it can be applied to the entire subframes regardless of adjacent carrier’s DL/UL configuration. 

(2) Mechanism 2: Subframe set based semi-static power reduction of aggressor downlink transmission

Mechanism 1 may reduce the performance gain of downlink throughput with additional configuration as the downlink transmission power is always low. Another approach to consider is that the aggressor can monitor the channel, and based on downlink subframe monitoring such as detection of CRS, PSS/SSS, or PBCH/SIB, it can acquire the DL/UL configuration of the victim eNB. Based on the information and the estimated pathloss between two eNBs if possible, the eNB may apply different power based on the subframe whether it collides with UL or DL of the victim eNB. This approach could minimize the interference for victim’s UL and also minimize the performance degradation of downlink throughput of the aggressor’s DL when static DL-UL configuration is used at the victim cell. 
(3) Mechanism 3: Victim cell may increase the UL power in case of interference
Another approach to be considered is to increase UL power by victim eNB in case interference level is high. The interference level can be estimated based on the overall uplink reception reliability or measurements. Uplink power can be increased by the victim to enhance the reliability. 
3 Performance Evaluation
For the performance evaluation, we have simulated Performance set 2 Scenario 1 as the followings:
· Scenario 1: 

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

1. Carrier frequency: 2.7GHz

2. Channel bandwidth: 10MHz

3. Duplex mode: 

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

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

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

ii. Operator_B: Standalone Macro cell

1. Carrier frequency: 2.7GHz

2. Channel bandwidth: 10MHz

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

3.1 Performance set 2 scenario 1

For the evaluation, we evaluated the following three combinations. 
(1) Evaluation Option 1 (Opt1): Subframe set based downlink power reduction: as mentioned in previous section, based on sensing/monitoring, it is assumed that the aggressor can obtain TDD DL-UL configuration of the victim, and reduce 20dB downlink power at the subframes overlapped with victim’s UL subframes. This technique is applied to both Case 2 and Case 3. 
(2) Evaluation Option 2 (Opt2): This option is to use subframe set based downlink power reduction with uplink power boosting by a victim cell at all UL subframes. The aggressor reduces 15dB at subframes overlapped with victim’s UL subframes and victim cell increases 3dB at all UL transmissions. 

Table 1 shows the performance of Operator B’s UL for each option. It can be assumed that Case 1 is the baseline and the performance degradation of other cases is analyzed. As it can be shown in the results, downlink power reduction with uplink power boosting at the victim can further reduce the performance loss of victim’s uplink performance compared to downlink power reduction only. When both techniques are used, the loss can be reduced less than 5% in average. 
	Table 1: 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 
	900.81 
	-43.70 
	2301.12 
	-40.90 
	4413.79 
	-26.72 

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

	
	Case 2 + Opt 1
	3857.50 
	-0.67 
	1679.38 
	4.96 
	3806.69 
	-2.23 
	6041.30 
	0.30 

	
	Case 3 + Opt 1
	3783.69 
	-2.57 
	1637.74 
	2.36 
	3810.23 
	-2.14 
	5720.67 
	-5.03 

	
	Case 2 + Opt 2
	4109.62 
	5.82 
	1835.95 
	14.75 
	4120.72 
	5.83 
	6168.67 
	2.41 

	
	Case 3 + Opt 2
	3829.92 
	-1.38 
	1652.95 
	3.31 
	3897.24 
	0.10 
	5634.11 
	-6.46 

	1.5
	Case 1
	2543.33 
	N/A
	864.32 
	N/A
	2380.01 
	N/A
	4858.84 
	N/A

	
	Case 2
	1410.24 
	-44.55 
	554.64 
	-35.83 
	1151.21 
	-51.63 
	3084.34 
	-36.52 

	
	Case 3
	1265.15 
	-50.26 
	543.67 
	-37.10 
	1027.34 
	-56.83 
	2710.79 
	-44.21 

	
	Case 2 + Opt 1
	2459.09 
	-3.31 
	836.77 
	-3.19 
	2270.51 
	-4.60 
	4751.74 
	-2.20 

	
	Case 3 + Opt 1
	2431.74 
	-4.39 
	839.34 
	-2.89 
	2281.89 
	-4.12 
	4576.54 
	-5.81 

	
	Case 2 + Opt 2
	2681.28 
	5.42 
	922.94 
	6.78 
	2497.56 
	4.94 
	5063.04 
	4.20 

	
	Case 3 + Opt 2
	2432.17 
	-4.37 
	841.07 
	-2.69 
	2276.82 
	-4.34 
	4612.61 
	-5.07 

	DL traffic arrival rate (λ)
	Duplex

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

	1
	Case 1
	26.39 
	0.00 

	
	Case 2
	39.15 
	0.38 

	
	Case 3
	42.04 
	0.59 

	
	Case 2 + Opt 1
	26.47 
	0.00 

	
	Case 3 + Opt 1
	26.67 
	0.00 

	
	Case 2 + Opt 2
	24.89 
	0.00 

	
	Case 3 + Opt 2
	26.39 
	0.00 

	1.5
	Case 1
	50.12 
	0.22 

	
	Case 2
	71.77 
	14.17 

	
	Case 3
	75.32 
	20.08 

	
	Case 2 + Opt 1
	51.19 
	0.24 

	
	Case 3 + Opt 1
	51.42 
	0.46 

	
	Case 2 + Opt 2
	48.22 
	0.02 

	
	Case 3 + Opt 2
	51.50 
	0.46 


Table 2 shows the performance of Operator A’s DL for each option. As it can be shown in the results, Opt 2 slightly reduces the downlink performance at the aggressor due to higher interference from the victim when compared with Opt 1. However, it is notable that the downlink performance degradation with uplink power boosting at the victim is not significant as the required reduction of downlink power at the aggressor (to protect the uplink performance of the victim) can be also reduced. 
	Table 2: 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 + Opt 1
	24847.90 
	17.03 
	12880.50 
	31.76 
	27125.80 
	12.58 
	30117.60 
	15.44 

	
	Case 3 + Opt 1
	27912.40 
	31.46 
	15226.80 
	55.76 
	30117.60 
	25.00 
	33573.80 
	28.69 

	
	Case 2 + Opt 2
	24806.50 
	16.84 
	12840.10 
	31.35 
	27125.80 
	12.58 
	30117.60 
	15.44 

	
	Case 3 + Opt 2
	27809.70 
	30.98 
	15114.40 
	54.61 
	30117.60 
	25.00 
	33300.80 
	27.64 

	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 + Opt 1
	22512.40 
	24.31 
	9183.86 
	72.87 
	25924.10 
	23.42 
	29681.20 
	17.39 

	
	Case 3 + Opt 1
	25481.90 
	40.71 
	11221.90 
	111.23 
	28845.10 
	37.32 
	32768.00 
	29.60 

	
	Case 2 + Opt 2
	22468.70 
	24.07 
	9183.86 
	72.87 
	25761.00 
	22.64 
	29681.20 
	17.39 

	
	Case 3 + Opt 2
	25399.00 
	40.25 
	11221.90 
	111.23 
	28643.40 
	36.36 
	32768.00 
	29.60 


	DL traffic arrival rate (λ)
	Duplex

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

	1
	Case 1
	19.21 
	0.00 

	
	Case 2
	16.51 
	0.00 

	
	Case 3
	14.84 
	0.00 

	
	Case 2 + Opt 1
	16.32 
	0.00 

	
	Case 3 + Opt 1
	14.57 
	0.00 

	
	Case 2 + Opt 2
	16.35 
	0.00 

	
	Case 3 + Opt 2
	14.62 
	0.00 

	1.5
	Case 1
	33.03 
	0.01 

	
	Case 2
	26.69 
	0.00 

	
	Case 3
	23.86 
	0.00 

	
	Case 2 + Opt 1
	26.38 
	0.00 

	
	Case 3 + Opt 1
	23.42 
	0.00 

	
	Case 2 + Opt 2
	26.44 
	0.00 

	
	Case 3 + Opt 2
	23.50 
	0.00 


4 Conclusion
This contribution evaluates a few options of interference mitigation techniques. Particularly, subframe set based downlink power reduction at the aggressor and uplink power boosting at the victim are evaluated. It is shown that if both techniques are used, the performance degradation at the victim cell with additional or different TDD DL-UL configuration can be considerably reduced. 
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