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1 Introduction
In RAN#51, an LTE Rel-11 study item on TDD interference management and traffic adaptation was approved in [1]. RAN4 is tasked to perform co-existence study of applying different TDD UL-DL configurations in different cells, considering both co-channel and adjacent channel interference. The deployment scenarios and two possible methodologies for the corresponding co-existence study are discussed in [3]. In this contribution, we provide the details and evaluation results according to the deterministic analysis with existing RAN4 requirements.
2 Deterministic analysis and interference scenarios
The DL-UL interference due to coexistence of non-synchronized operators has been investigated in [2], where the interference may be UE-to-UE interference and BS-to-BS interference. The BS-to-BS interference is more destructive than the UE-to-UE interference because of higher base station Tx power and reduced path losses between base stations, which could be line-of-sight. Hence, in this contribution, we focus on the BS-to-BS interference.
2.1 Methodology of deterministic analysis
The deterministic interference analysis utilizes the existing RAN4 RF requirements to calculate the minimum required site separate distance, for each of the scenarios and its corresponding simulation assumptions including Tx power of interfering node, pathloss model, antenna gain, etc. The minimum site separation distance is obtained such that the caused interference level is below a certain level according to the existing RAN4 RF requirements. The following two requirements are utilized for analyzing the BS-to-BS interference.
· Requirement 1: Received interference power from aggressor is sufficiently low such that the victim BS is not desensitized,by more than 0.8dB by the following equations:
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               where,
· 
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 denotes the negligible interference level which is defined to be 7dB lower than the thermal noise floor. Table 1 shows the value of 
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 for different types of base stations, assuming the bandwidth of the aggressor and victim base station is 10MHz.
Table 1: Negligible interference level, 10 MHz bandwidth
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(dBm)

	Macro
	-106.5

	Pico
	-98.5

	Femto
	-98.5


· 
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 denotes the maximum transmit power of aggressor, where the values of 
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for different base station types are listed in Table 2.
Table 2: Maximum transmit power
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 (dBm)

	Macro
	46

	Pico
	24

	Femto
	20


· ACIR is calculated based on ACLR and ACS, taking into account the RF characteristics of transmitter and receiver. The values of ACIR are listed in Table 3.
Table 3: ACIR value
	ACIR (dB)

	1st adjacent frequency domain
	43

	2nd adjacent frequency domain
	48

	Spurious domain
	61


· Pathloss denotes the pathloss between aggressor and victim base stations. The pathloss models between different types of base stations used in this contribution are summarized in the Appendix. 
· G_tx and G_rx denote the base station transmit and receive antenna gains, respectively, where the values of G_tx and G_rx for different base station types are listed in Table 4.
Table 4: eNB antenna gain
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 (dBi)

	Macro
	15

	Pico
	5

	Femto
	0


· Requirement 2: Received interference power from aggressor is below the interference signal mean power according to the requirements of dynamic range in [5]. The requirement of dynamic range is to measure the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. The following equations are utilized:
Co-channel:
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      where,

· 
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 denotes the acceptable interference level according to the specified requirements on dynamic range, where the values of 
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 for different base station types are listed in Table 5.
Table 5: Acceptable interference level, 10 MHz bandwidth
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(dBm)

	Macro
	-79.5

	Pico
	-71.5

	Femto
	-35


· 
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, ACIR, Pathloss, G_tx and G_rx have the same definition as in Requirement 1 above.
2.2 Scenarios for interference studies
The described deterministic analysis on interference is applied to the following scenarios in this contribution, where both co-channel and adjacent channel deployments are considered.

· Interference within the same layer
· Macro-to-Macro
· Pico-to-Pico, assuming outdoor Pico cells
· Femto-to-Femto, assuming indoor Femto cells
· Interference among different layers
· Macro-to-Pico

· Macro-to-Femto
· Pico-to-Femto
3 Interference analysis for the same layer
3.1 Macro-to-Macro  

The test scenario described in [6] implies that two macro base stations are in line-of-sight with clearance of the first Fresnel zone. Therefore, the propagation model applied for the Macro-to-Macro case is the free space loss model, i.e. PL(R) =98.45+20 log10(R) with R in kilometers. The required minimum separation distances for Macro-to-Macro are listed in Table 6.
Table 6: Required minimum separation distance (km) for Macro-to-Macro
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	1.6e4
	712

	1st adjacent channel
	112.8
	5.0

	2nd  adjacent channel
	63.5
	2.8

	Spurious domain
	14.2
	0.63


Observation 1: The deterministic analysis with either requirement 1 or requirement 2 indicates that impractical minimum separation distance is required for co-channel macro-to-macro deployment with different TDD DL-UL configurations in different Macro cells. 
3.2 Pico-to-Pico

The outdoor Pico-to-Pico propagation model could refer to the dual slop pathloss model used for Micro cell in [2]. Assuming a base station antenna height of 5m and a carrier frequency of 2GHz, the Pico-to-Pico path loss can be expressed as: if R<2/3 PL(R)=98.4+20log10(R) else, PL(R)=101.9+40log10(R), with R in kilometers. The required minimum separation distances for Pico-to-Pico are listed in Table 7.
Table 7: Required minimum separation distance (km) for Pico-to-Pico
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	5.8210
	1.2303

	1st adjacent channel
	0.3589
	0.0160


Observation 2: The deterministic analysis with either requirement 1 or requirement 2 indicates that a quite large minimum separation distance is required for co-channel deployment with different TDD DL-UL configurations in different Pico cells, whereas adjacent channel deployment could be more practical. 
3.3 Femto-to-Femto
The Femto-to-Femto pathloss in the same building is modeled by free space loss and penetration loss due to internal walls. The loss due to internal walls is modeled as a log-linear value, i.e. 0.7dB/m [7]. The Femto-to-Femto pathloss is PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q, with R and d2D,indoor in m, and q is the number of walls separating the apartments between the corresponding Femto cells. In the following calculation, it is assumed that distance of apartment is 10m. Then q could be expressed as floor(R/10). Only a single-floor house is considered in this contribution, since this represents the most significant interference. The required minimum separation distances for Femto-to-Femto are listed in Table 8.
Table 8: Required minimum separation distance (km) for Femto-to-Femto
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	0.0405
	0.0046

	1st adjacent channel
	0.0135
	5e(-5)


Observation 3: The deterministic analysis with either requirement 1 or requirement 2 indicates that practical minimum separation distance is required for co-channel or adjacent deployment with different TDD DL-UL configurations in different Femto cells.
4 Interference analysis for different layers
4.1 Macro -to-Pico

The propagation model of Macro-to-Relay is reused as approximation for Macro-to-Pico, since Pico has similar antenna height and deployment to Relay. Two pathloss models of Macro-to-Relay are provided in [7] for LOS and NLOS, respectively. Only LOS is considered in this contribution, where the pathloss model is PLLOS (R) =100.7+23.5log10(R) with R in kilometers. The required minimum separation distances for Macro-to-Pico are listed in Table 9.
Table 9: Required minimum separation distance (km) for Macro-to-Pico

	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	Macro->Pico
	518.67
	36.81

	
	Pico->Macro
	131.57
	9.34

	1st adjacent channel
	Macro->Pico
	7.68
	0.54

	
	Pico->Macro
	1.95
	0.14


Observation 4: The deterministic analysis with either requirement 1 or requirement 2 indicates that impractical minimum separation distance is required for co-channel deployment with different TDD DL-UL configurations between Macro and Pico cells, whereas adjacent channel deployment could be more practical. 
4.2 Macro-to-Femto
The propagation model of Macro-to-Femto could be approximated by that of Macro-to-UE, since Femto (noted that only indoor Femto cells are discussed in this contribution) has similar antenna height as UE. In addition, a 20 dB penetration loss is included. The Macro-to-UE propagation model is PL(R)=128.1 + 37.6log10(R), with R in kilometers [7]. The required minimum separation distances for Macro-to-Femto are listed in Table 10.
Table 10: Required minimum separation distance (km) for Macro-to-Femto
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	Macro->Femto
	2.01
	0.0411

	
	Femto->Macro
	0.6675
	0.1278

	1st adjacent channel
	Macro->Femto
	0.14
	0.0030

	
	Femto->Macro
	0.0480
	0.0092


Observation 5: The deterministic analysis with either requirement 1 or requirement 2 indicates that practical minimum separation distance is required for co-channel or adjacent deployment with different TDD DL-UL configurations between Macro and Femto cells.
4.3 Pico-to-Femto
The propagation model of Pico-to-Femto could be approximated by that of outdoor Relay-to-UE. A 20 dB penetration loss is included. This contribution uses the LOS pathloss model of outdoor Relay-to-UE PLLOS (R) =103.8+20.9log10(R), with R in kilometers in [7] as the pathloss model for Pico-to-Femto. The required minimum separation distances for Pico-to-Femto are listed in Table 11.
Table 11: Required minimum separation distance (km) for Pico-to-Femto
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	Pico->Femto
	1.50
	1.4e(-3)

	
	Femto->Pico
	0.97
	0.0494

	1st adjacent channel
	Pico->Femto
	0.0132
	1.2e(-5)

	
	Femto->Pico
	0.0085
	4.3e(-4)


Observation 6: The deterministic analysis with either requirement 1 or requirement 2 indicates that practical minimum separation distance is required for co-channel or adjacent deployment with different TDD DL-UL configurations between Pico and Femto cells.
5 Conclusions
In this contribution, we evaluate the BS-to-BS interference if different TDD UL-DL configurations are applied in different cells. Scenarios comprising Macro, Pico, and Femto cells are discussed, with both co-channel and adjacent channel deployment. Two requirements are used when determining the required minimum separation distance between the nodes, i.e. interference level is 7dB lower than the thermal noise or interference level is below the specified interference mean signal power according to dynamic range. Some observations can be drawn, e.g. it is difficult to apply different TDD UL-DL configurations in co-channel deployment of Macro base stations, while it is feasible to apply different TDD UL-DL configurations between cells of low power nodes (e.g. Pico and/or Femto). It is proposed that RAN4 shall further evaluate the interference condition, as well as the study assumptions, including pathloss model, antenna gain, etc. for each of the interested deployment scenarios for LTE TDD eIMTA. 
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7 Appendix: Propagation model
	Scenario
	Propagation model
	Reference

	Macro-Macro
	PL(R) =98.45+20 log10(R) R in kilometers
	[2]

	Pico-Pico
	If R<2/3 

PL(R)=98.4+20log10(R) 

else, 

PL(R)=101.9+40log10(R) R in kilometers
	[2]

	Femto-Femto
	PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q,  

R and d2D,indoor in m 
	[7]

	Macro-Pico
	PL_LOS (R) =100.7+23.5log10(R) R in kilometers
	[7]

	Macro-Femto
	PL(R)= 128.1 + 37.6log10(R), R in kilometers
	[7]

	Pico-Femto
	PL_LOS (R) =103.8+20.9log10(R) R in kilometers
	[7]
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