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1 Introduction

In email discussion after RAN4 #56, updates of co-existence simulation assumptions [1] has been published. It makes some changes of simulation cases from [2], which is also the simulation assumptions for relay co-existence study agreed in RAN4 #56 meeting. This contribution presents the simulation results of Case A1, B1, C1, D1 and 4 more new cases(RNs located in Manhattan grid pattern) based on the updates of co-ex simulation assumptions [1], traffic assumptions [3] and placement and node selection assumptions [4].
2 Scenario and Assumptions

Co-existence simulations are carried out employing the assumptions defined in [1] based on the uncoordinated operation between an aggressor network and victim network. The aggressor network is assumed to contain outdoor or truwall relay nodes, and victim network hasn’t relay node. In the aggressor network each cell has 5 relay nodes placed either at the cell edge of its donor cell, or 4 relay nodes placed in a Manhattan grid pattern. For the first scenario, the 5 RNs are placed at a distance of 1.5 times the radius of the donor cell. And the Manhattan grid pattern for RN deployment is the same as [5], i.e. 4 relay nodes are symmetrically placed at the cell boresite with an inter-relay node distance of 0.9 times the cell radius. 
Some additional assumptions in this contribution are listed below.

· All the UEs in the victim network are located outdoor
· The RNs in the aggressor network are not synchronous, and independently transmit with a probability of 50%
· While calculating the path gain between truwall relays and UEs in the victim network, we adopt 18 dB  wall penetration loss.
The ACIR model is list in Table 2-1, and the value of Y given in Section 2.2 of [6] is applied, i.e. Y=8.6, 4.8, 2.1, 0.8, 0.3, 0.1.
Table 2-1 ACIR Downlink

	Transmitter
	Receiver

	
	UE

	eNB
	33

	RN
	33-Y


3 Simulation Results
Initial simulations are carried out for cases A1 through D1 and 4 more new cases(Ⅰ~Ⅳ) as defined in [1], and summarized in Table 3-1. 
Table 3-1 Coexistence simulation cases A1~D1 and Ⅰ~Ⅳ
	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagation Model
	RN Max Power
	Power control

	A1
	eNB and RN access side
	eNB -> UE
	6.2.1

Case 1
DR=1.5R
	6.4b
Outdoor relay
	Case 1

with site planning
NLOS
	PAC,max=30 dBm
	N/A

	B1
	eNB and RN access side
	eNB -> UE
	6.2.1

Case 1
DR=1.5R
	6.4b
Truwall relay
	Case 1

with site planning

NLOS
	PAC,max=24 dBm
	N/A

	C1
	eNB and RN access side
	eNB -> UE
	6.2.1

Case 3
DR=1.5R
	6.4b
Outdoor relay
	Case 3

with site planning
NLOS
	PAC,max=30 dBm
	N/A

	D1
	eNB and RN access side
	eNB -> UE
	6.2.1

Case 3
DR=1.5R
	6.4b
Truwall relay
	Case 3

with site planning

NLOS
	PAC,max=24 dBm
	N/A

	Ⅰ*
	eNB and RN access side
	eNB -> UE
	6.2.3
Case 1
	6.4b
Outdoor relay
	Case 1

with site planning
NLOS
	PAC,max=30 dBm


	N/A



	Ⅱ*
	eNB and RN access side
	eNB -> UE
	6.2.3
Case 1
	6.4b
Truwall relay
	Case 1

with site planning

NLOS
	PAC,max=24 dBm
	N/A

	Ⅲ*
	eNB and RN access side
	eNB -> UE
	6.2.3
Case 3
	6.4b
Outdoor relay
	Case 3

with site planning
NLOS
	PAC,max=30 dBm
	N/A

	Ⅳ*
	eNB and RN access side
	eNB -> UE
	6.2.3
Case 3
	6.4b
Truwall relay
	Case 3

with site planning

NLOS
	PAC,max=24 dBm
	N/A

	*Note: Case Ⅰ to Ⅳ are same as Case E1, F1, G1 and H1 in [1] respectively except RNs are located in the Manhattan grid pattern[5] in Case Ⅰ to Ⅳ.


3.1  Outdoor relay
In cases A1, C1, Ⅰ and Ⅲ, the outdoor RNs with 30 dBm maximum transmit power in access link are deployed. 
Table 3-2  Average throughput loss of eNB->UE link
	RN_DL_ACLR(dB)
	25
	30
	35
	40
	45
	50

	33-Y (dB)
	24.4
	28.2
	30.9
	32.2
	32.7
	32.9

	Y (dB)
	8.6
	4.8
	2.1
	0.8
	0. 3
	0.1

	Average throughput loss
	A1
	1.13%
	1.06%
	1.01%
	0.98%
	0.96%
	0.95%

	
	C1
	1.56%
	1.46%
	1.38%
	1.30%
	1.26%
	1.24%

	
	Ⅰ
	1.12%
	1.05%
	1.01%
	0.98%
	0.95%
	0.94%

	
	Ⅲ
	1.54%
	1.44%
	1.36%
	1.28%
	1.24%
	1.22%
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Figure 3-1 Average throughput loss of case A1, C1, Ⅰ and Ⅲ
The interference received by the UEs in the victim network consists of the co-channel interference from neighboring eNBs in the same network and adjacent frequency interference from neighboring eNBs and RNs in the aggressor network. Because the transmit power and antenna gain of eNBs are both much bigger than those of RNs, the adjacent frequency interference caused by eNBs are greater than RNs. As a result, the throughput loss of eNB->UE link is mainly affected by the interference from eNBs. Meanwhile, the ACIR of eNB->UE is specified as 33 dB, so the simulation results of average throughput loss decline slowly with the ACIR of the RN->UE link increasing.
From Table 3-2 and Figure 3-1, we can see that the throughput loss of scenarios with ISD=500m (case 1) is better than that of scenarios with ISD=1732m (case 3), and throughput loss of scenarios with RN located at cell edge is a little worse than that of scenarios with RN located in Manhattan grid pattern. 
3.2  Truwall relay
In cases B1, D1, Ⅱ and Ⅳ, the Truwall relays are deployed. They have outdoor backhaul link antenna and indoor access link antenna. While all UEs in the victim network are placed outdoor, 18 dB wall penetration loss should be considered in the link RN(access side)->UE. The maximum transmit power of RNs in access link is 24 dBm.
Table 3-3  Average throughput loss of eNB->UE link
	RN_DL_ACLR(dB)
	25
	30
	35
	40
	45
	50

	33-Y (dB)
	24.4
	28.2
	30.9
	32.2
	32.7
	32.9

	Y (dB)
	8.6
	4.8
	2.1
	0.8
	0. 3
	0.1

	Average throughput loss
	B1
	1.01%
	0.98%
	0.96%
	0.94%
	0.93%
	0.92%

	
	D1
	1.11%
	1.08%
	1.06%
	1.04%
	1.03%
	1.02%

	
	Ⅱ
	1.03%
	0.99%
	0.97%
	0.94%
	0.93%
	0.92%

	
	Ⅳ
	1.12%
	1.09%
	1.07%
	1.05%
	1.04%
	1.03%
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Figure 3-2 Average throughput loss of case B1, D1, Ⅱ and Ⅳ
As mentioned in section 3.1, the transmit power and antenna gain of eNBs are both much bigger than those of RNs. In addition with 18 dB wall penetration loss, the adjacent frequency interference caused by eNBs is much greater than RNs, so the simulation results of average throughput loss decline slightly with the ACIR of the RN->UE link increasing. 

From the simulation results we can see the throughput loss of scenarios with ISD=500m (case 1) is better than that of scenarios with ISD=1732m (case 3), and throughput loss of scenarios with RN located at cell edge is a little better than that of scenarios with RN located in Manhattan grid pattern. 
4 Conclusion
This contribution presents simulation results of relay co-existence study. The assumptions, methodology and models suggested in ‎[1] are used. Case A1~D1 of [1] and 4 more new cases(RNs located in Manhattan grid pattern) are investigated. According those simulation results, it is observed that 
· The throughput losses of all the cases are less than 2% while RN_DL_ACLR values ≥ 25 dB. 
· The interference from RNs in the aggressor network has a little effect to the throughput loss of the victim link.
· For the outdoor RNs, the throughput loss of scenarios with ISD=500m (case 1) is better than that of scenarios with ISD=1732m (case 3), and throughput loss of scenarios with RN located at cell edge is a little worse than that of scenarios with RN located in Manhattan grid pattern.

· For the Truwall RNs, the throughput loss of scenarios with ISD=500m (case 1) is better than that of scenarios with ISD=1732m (case 3), and throughput loss of scenarios with RN located at cell edge is a little better than that of scenarios with RN located in Manhattan grid pattern.
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