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1 Introduction
In the RAN4 #59 meeting, further details of the relay deployment scenarios were specified for the models and assumptions to be employed in the relay co-existence studies [1]. This contribution provides further co-existence simulation results for simulation case 4 based on the assumptions and use cases defined in [1] to complement the outdoor relay co-existence simulation results summarized in [2]. 
2 Details of Simulation Assumptions
Co-existence simulations were carried out employing the assumptions defined in [1] based on the use of uncoordinated operation between an aggressor network and victim network. The timing of the aggressor and victim networks is assumed to be synchronized for the simulated results. Some of these results have been previously tabulated in [2]. Consistent with the assumptions of [1], the victim network is assumed to be a conventional tri-cellular deployment of macro cells, as is the aggressor network, consistent with the definitions of [3]. For simulation cases 1 and 2, the aggressor network is assumed to contain outdoor relay nodes, with each aggressor macro cell having up to 5 relay nodes placed either at the cell edge of its donor cell, or in a Manhattan grid pattern. For the scenario in which the relay nodes are placed at the cell edge, it is assumed that the relays are placed at a distance of 1.5 times the radius of the donor cell, whereas for the Manhattan grid, 4 relay nodes are assumed to be symmetrically placed about the cell boresite with an inter-relay node distance of 0.88 times the cell radius. For simulation cases 3 and 4, no relay nodes are assumed to be present in the aggressor network, whereas relays are assumed to be present in the victim network. For the case 4 scenarios considered in this contribution the aggressor network does not support relay nodes, whereas the victim network supports relay nodes. The configurations of example victim and aggressor networks are illustrated below in Figures 1, Figure 2a and 2b respectively. Furthermore it has been assumed that 1 to 3 UE’s are served by each RN simultaneous with UEs served by the donor cells. All RN Un and Uu transmissions are assumed to be synchronized between cells. For the scenarios under consideration, it is assumed that 80% of the deployed macro and RN UEs are within indoor coverage.
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Figure 1a) Victim or aggressor network layout with offset position of aggressor network indicated
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Figure 2a) Aggressor or victim network layout with example relay node positions at the cell edge indicated by ‘”X’s”
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Figure 2b) Aggressor or victim network layout with example relay node positions in a Manhattan grid indicated by ‘”X’s”
3 Simulation Results

Relay co-existence simulations have been carried out for Relay Node (RN) cases A4-1, A4-2, B4-1, B4-2,    C4-1, C4-2, D4-1, D4-2, E4-1, E4-2, F4-1, F4-2, G4-1, G4-2, H4-1 and H4-2 as detailed in Table 3-1 taken from [1]. In Figures 3 to 18 below, results are provided for loss in throughput at both the average and 5 percentile points by the victim network in the presence of an aggressor network, as a function of the ACIR of the aggressor network. 
Four or five relay nodes are assumed to be present in the victim network depending on the scenario. For the UL cases considered in this document, the Un and Uu transmissions of all relay nodes are assumed to be synchronized. Whether to employ the Un or Uu link is assumed to be chosen with a 50% probability. In each snapshot, 3 UE’s are dropped randomly in all aggressor and victim macro cells and furthermore, each relay is assumed to have 3’s UE present in its coverage. Thus all Uu RN links can be active simultaneously on the UL. 
Table 3-1: Relay Node Coexistence simulation cases

	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	A4-1
	UE
	UE-> RN

UE->eNB
	6.2.1

Case 1
DR=1.5R


	6.4b
Outdoor relay
GBH = 15 dBi
	Case 1

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	PC1 

	A4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	B4-1
	UE
	UE-> RN

UE->eNB
	6.2.4
Case 1
DR=1.5R


	6.4b
Thruwall relay
GBH = 15 dBi
	Case 1

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
<Additional uplink simulation cases are FFS for covering both 24 and 30 dBm  >
	PC1
(6.6.3) 

	B4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2
(6.6.3) 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	C4-1
	UE
	UE-> RN

UE->eNB
	6.2.1

Case 3
DR=1.5R


	6.4b
Outdoor relay
GBH = 15 dBi
	Case 3

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	PC1 

	C4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	D4-1
	UE
	UE-> RN

UE->eNB
	6.2.4
Case 3
DR=1.5R


	6.4b
Thruwall relay
GBH = 15 dBi
	Case 3

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
< Additional uplink simulation cases are FFS for covering both 24 and 30 dBm >
	PC1
(6.6.3) 

	D4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2
(6.6.3) 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	E4-1
	UE
	UE-> RN

UE->eNB
	6.2.2
Case 1



	6.4b
Outdoor relay
GBH = 15 dBi
	Case 1

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	PC1 

	E4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	F4-1
	UE
	UE-> RN

UE->eNB
	6.2.5
Case 1
	6.4b
Thruwall relay
GBH = 15 dBi
	Case 1

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
< Additional uplink simulation cases are FFS for covering both 24 and 30 dBm >
	PC1
(6.6.3) 

	F4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2
(6.6.3) 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	G4-1
	UE
	UE-> RN

UE->eNB
	6.2.2
Case 3

	6.4b
Outdoor relay
GBH = 15 dBi
	Case 3

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	PC1 

	G4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	H4-1
	UE
	UE-> RN

UE->eNB
	6.2.5
Case 3

	6.4b
Thruwall relay
GBH = 15 dBi
	Case 3

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
< Additional uplink simulation cases are FFS for covering both 24 and 30 dBm >
	PC1
(6.6.3) 

	H4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2
(6.6.3) 
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Figure 3: RN ACIR simulation results for UL simulation Case A4-1 scenario with the RNs placed outdoors at the cell edge in the aggressor network. The RNs have a directional antenna link to the eNB. The ISD is 500 m. Power control set PC1 is employed at the UEs.
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Figure 4: RN ACIR simulation results for UL simulation Case A4-2 scenario with the RNs placed outdoors at the cell edge in the aggressor network. The RNs have a directional antenna link to the eNB. The ISD is 500 m. Power control set PC2 is employed at the UEs.
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Figure 5: RN ACIR simulation results for UL simulation Case B4-1 scenario with thruwall RNs placed randomly in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 500m.
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Figure 6: RN ACIR simulation results for UL simulation Case B4-2 scenario with thruwall RNs placed randomly in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 500m.
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Figure 7: RN ACIR simulation results for UL simulation Case C4-1 scenario with outdoor RNs placed at the cell edge in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 1732m.
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Figure 8: RN ACIR simulation results for UL simulation Case C4-2 scenario with outdoor RNs placed at the cell edge in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 1732m.
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Figure 9:  RN ACIR simulation results for UL simulation Case D4-1 scenario with thruwall RNs placed randomly in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 1732m.
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Figure 10:  RN ACIR simulation results for UL simulation Case D4-2 scenario with thruwall RNs placed randomly in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 1732m
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Figure 11:  ACIR simulation results for UL simulation Case E4-1 scenario with 4 outdoor RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 500 m.
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Figure 12:  ACIR simulation results for UL simulation Case E4-2 scenario with 4 outdoor RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 500 m.
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Figure 13:  ACIR simulation results for UL simulation Case F4-1 scenario with 4 thruwall RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 500 m.
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Figure 14:  ACIR simulation results for UL simulation Case F4-2 scenario with 4 thruwall RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 500 m.
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Figure 15:  ACIR simulation results for UL simulation Case G4-1 scenario with 4 outdoor RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 1732 m. [image: image17.emf]20 22 24 26 28 30 32 34 36 38 40
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Figure 16:  ACIR simulation results for UL simulation Case G4-2 scenario with 4 outdoor RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 1732 m.
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Figure 17:  ACIR simulation results for UL simulation Case H4-1 scenario with 4 thruwall RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC1 is employed at the UEs and the ISD is 1732 m.
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Figure 18:  ACIR simulation results for UL simulation Case H4-2 scenario with 4 thruwall RNs per cell placed in a Manhattan grid in the victim network. The RNs have a directional antenna link to the eNB. Power control set PC2 is employed at the UEs and the ISD is 1732 m.
4 Discussion
Table 4-1 below summarizes the ACIR levels at which a 5% or less throughput reduction in the victim RN nodes is met for each of the scenarios of section 3 at both the average and 5 percentile throughput levels. 
Table 4-1: RN ACIR level in dB at which the victim throughput reduction is 5% or less.
	Case
	Average Throughput
	5 Percentile Throughput
	Scenario

	A4-1
	<20
	38
	UL, 500m ISD,  cell edge outdoor victim RN, dir Un, PC1

	A4-2
	<25
	<25
	UL, 500m ISD,  cell edge outdoor victim RN, dir Un, PC2

	B4-1
	<25
	<25
	UL, 500m ISD, random thruwall victim RN, dir Un, PC1

	B4-2
	<25
	<25
	UL, 500m ISD, random thruwall victim RN, dir Un, PC2

	C4-1
	<25
	<25
	UL, 1732m ISD, cell edge outdoor victim RN, dir Un, PC1

	C4-2
	<25
	<25
	UL, 1732m ISD, cell edge outdoor victim RN, dir Un, PC2

	D4-1
	<20
	<20
	UL, 1732m ISD, random thruwall victim RN, dir Un, PC1

	D4-2
	<20
	<20
	UL, 1732m ISD, random thruwall victim RN, dir Un, PC2

	E4-1
	<20
	<20
	UL, 500m ISD, grid outdoor victim RN, dir Un, PC1

	E4-2
	<20
	<20
	UL, 500m ISD, grid outdoor victim RN, dir Un, PC2

	F4-1
	<20
	<20
	UL, 500m ISD, grid thruwall victim RN, dir Un, PC1

	F4-2
	<20
	<20
	UL, 500m ISD, grid thruwall victim RN, dir Un, PC2

	G4-1
	<20
	27
	UL, 1732m ISD, grid outdoor victim RN, dir Un, PC1

	G4-2
	<20
	<20
	UL, 1732m ISD, grid outdoor victim RN, dir Un, PC2

	H4-1
	<20
	<20
	UL, 1732m ISD, grid thruwall victim RN, dir Un, PC1

	H4-2
	<20
	<20
	UL, 1732m ISD, grid thruwall victim RN, dir Un, PC2


From the case 4 simulation results illustrated in Figures 3 to 18 and summarized in Table 4-1, it can be seen that the UL ACIR required to achieve a throughput loss of less than 5% as seen by the victim network RNs due to interference from an aggressor network without RNs, is for most cases less than 25 dB and in many cases less than 20 dB. The exceptions are for the 5%-tile throughputs for cases A4-1 and G4-1, the scenarios with outdoor cell edge RNs. It should be noted that the throughput losses for the case 4 simulation results are significantly less than for the simulation case 1, 2 or 3 results, since for case 4 the aggressor UEs are typically power controlled and in many cases can be indoors resulting in reduced interference as seen by the victim RNs on the UL. 
.
5 Conclusion
Based on benchmarked case 4 (UL) simulations of co-existence between an aggressor network without relay nodes and a victim network with relay nodes, the recommended ACIR values for the average and 5 percentile throughputs for the UL RN scenarios, will typically be less than 25 dB.
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