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1. Introduction
In submission [1] to this RAN4 meeting, we suggested four “basic” simulations cases for relay coexistence studies, denoted as I to IV. In addition, we proposed that RAN4 activity on this subject should preferably be prioritized, because of considerable simulation efforts required. In fact, relay coexistence studies need to analyze two types of links (backhaul and access) for both UL and DL. This can be more complex than prior RAN4 coexistence studies, and therefore, it may be easier to calibrate the performance of different companies on one type of link, before starting with the other one. We recommend in [1] that the backhaul link ought to be studied first. Furthermore, we suggest in [1] to focus first on simulation case IV as this is the simplest one, because no power control is required and for analyzing just the relay throughput degradation there is no need to model the UEs. In the present contribution, some results for this case are submitted to RAN4.
2. Deployment scenario
Simulation case IV defined in [1] is considered. In this scenario, the victim link is relay node (RN) on backhaul DL and the aggressor is eNB to UE link in the adjacent macro network. The parameter to be evaluated in simulations is RN DL ACS.
3. Assumptions and Methodology
3.1. General assumptions
The models and assumptions for RAN4 relay co-existence studies are not finalized yet. However, the latest status of agreement on models and assumptions are summarized in [2]. A new revision of this document, updated based on the comments made via the RAN4 reflector after #AH3 meeting, is going to be submitted to RAN4 meeting #56 in Madrid. The results submitted here are based on [2] besides one exception. The simulation case used is defined in contribution [1] to this RAN4 meeting as expressed above in Section 2. The assumptions are summarized in Section A.1 of the Annex.
3.2. Methodology
The methodology described in Section 3.2 of [1] for simulation case IV is applied and for convenience is given below. 
The simulation methodology for aggressor network is the methodology described in [3] for macro network. In the victim network, only the RN backhaul down link is considered, because the impact of the macro down link in the aggressor network on the macro down link in the victim network has already been studied in prior RAN4 studies.
4. Simulation Results
Simulations are performed for a range of ACIR values and three different values for the RNs location relative to the donor eNB; 0.5R, R and 1.5R, where R is the cell radius. The results for average throughput loss of 10 MHz LTE RN backhaul DL are presented in Table 1. These results are depicted for ISD = 500m in Figure 1and for ISD = 1732m in Figure 2.
Table 1:  Average throughput loss of LTE RN backhaul downlink
	
	ISD=500m
	ISD=1732m

	ACIR (dB)
	RN location @ 0.5R
	RN location @ R
	RN location @ 1.5R
	RN location @ 0.5R
	RN location @ R
	RN location @ 1.5R

	15
	1.36 %
	5.16 %
	18.13 %
	4.01 %
	8.31 %
	15.09 %

	20
	0.48 %
	2.23 %
	10.04 %
	1.78 %
	4.23 %
	8.48 %

	25
	0.13 %
	0.86 %
	4.5 %
	0.69 %
	1.9 %
	4.4 %

	30
	0.04 %
	0.31 %
	2.0 %
	0.2 %
	0.78 %
	2.0 %

	35
	
	0.09 %
	0.73 %
	0.07 %
	0.31 %
	0.83 %

	40
	
	0.05 %
	0.26 %
	0.03 %
	0.16 %
	0.31 %

	45
	
	0.01 %
	0.09 %
	0 %
	0.06 %
	0.09 %
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Figure 1: Average throughput loss of the backhaul downlink for ISD 500m and different RNs locations
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Figure 2: Average throughput loss of the backhaul downlink for ISD 1732m and different RNs locations
5. Conclusion

This contribution presents results of studies conducted to evaluate the coexistence performance of macro networks using relay nodes. Two conclusions can be drawn from these preliminary studies:
1) The overall throughput loss is less than 5% for ACIR values equal to or above 25 dB. 
2) The relay throughput loss is sensitive to the relay location relative to the donor eNB; the closer a relay node to an aggressor site (i.e. the farther to its donor eNB), the larger its throughput loss. For both cell radii, the worst case throughput loss is for relay nodes located at 1.5R, where the throughput loss is less than 5% for ACIR values equal to or above 25dB, as pointed out in Conclusion 1.

3) However, it is most unlikely that RNs will be located at 1.5R from their donor eNB which is very close to aggressor sites. Therefore, the RN throughput loss results for this location would have just an academic character. A more realistic location for RNs is in the range of 0.5R to R from their donor eNBs. In this case, the worst case throughput loss for ISD = 1732 m is less than 2% for ACIR values equal to or above 25 dB. For ISD = 500m, the throughput loss is even less than 1% for such ACIR figures. An acceptable RN throughput loss of 5% could be achieved with ACIR = 20 dB for RNs locations in the range of 0.5R to R from their donor eNBs. 
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Annex: Simulations assumptions
A.1:
Assumptions
The simulation carried out in the 2.0 GHz band with  assumptions summarized in the following table.
Table A-1: Simulation assumptions for 10 MHz LTE DL (aggressor) and 10 MHz LTE RN backhaul DL (victim)
	Parameter
	Assumption

	Simulation type
	Snapshot

	Number of snapshots
	No less than 10000

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz(aggressor),

10 MHz(victim)

	Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors

with BTS in the corner of the cell , 
65-degree sectored beam. 
The RNs are located at [0.5, 1, 1.5] R (cell radius) from the eNodeB

	Wrap around 
	Employed

	Inter-site distance
	500m,1732m

	Traffic model
	Full buffer

	Pathloss model
	ISD=500m

No Site planning
LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

MCL is: [65] dB 
Lognormal shadowing standard deviation: 6 dB

ISD=1732m

Without site planning

LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=exp(-(R-0.01)/1.15)

MCL is: [75] dB

Lognormal shadowing standard deviation: 6 dB

	BS antenna pattern
	TR36.942

	BS antenna gain
	15 dBi

	Relay backhaul antenna pattern
	Section 6.4.2 of Doc RAN4-102737 (and its future revisions)

	Relay backhaul antenna gain
	7dBi

	White noise power density
	-174 dBm/Hz

	Scheduling algorithm
	 Round Robin

	LTE RB width
	180kHz

	LTE RB number per RN
	50

	Link simulation interface
	Attenuated and truncated form of the Shannon bound in TR36.942.doc

	Environment
	Macro Cell, Urban Area, uncoordinated deployment

	 RN Noise Figure
	 5dB
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