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1 Introduction

So far, simulation methodology for relay performance evaluation had been discussed in RAN1. And several contributions presented relay system performance [1-4]. In this contribution, we also present downlink relay system performance. This contribution is resubmission of R1-100386.

2 Simulation Assumption
We simulated downlink in-band type-1 relay. Thus, each RN (relay node) forms an individual relay-cell. Access link (eNB-UE and RN-UE) and backhaul link (eNB-RN) are operated in same band. We simulated ISD 500m case (3GPP Case1). For each link, the channel models approved in RAN1 #58 meeting are used [5]. Detailed simulation assumptions are listed in appendix (Table 1, Table 2).
RN Deployment Scenario

For RN deployment scenario, we evaluated two scenarios. One is a random RN deployment scenario. In this scenario, RNs are deployed randomly to be same number of RNs per macro-cell. The other scenario describes a fixed RN deployment where RNs are deployed close to the macro-cell edge. In this scenario, RNs are deployed equidistantly on a circle with the eNB as the center and a radius of 9/20 of the ISD (=225m) as shown in Figure 1. UEs are deployed randomly in each simulation scenarios. The number of RNs is one simulation parameter. We evaluate 1 RN, 2 RNs and 4 RNs per macro-cell case.
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Figure 1   RN deployment patterns in fix RN deployment scenario
Resource Allocation in Backhaul Subframe
Another simulation parameter is the number of backhaul subframes per frame. We simulate 1, 2, 3 and 4 backhaul subframes cases. However, if eNB allocates all resources to RNs in backhaul subframe, resources for macro-cell UEs may decrease. Therefore, we simulated that eNB allocates resources to both RNs and macro-cell UEs simultaneously in backhaul subframe. The number of UEs attached to eNB and the number of UE attached to RNs are used to calculate resource sizes for RNs and macro-cell UEs in backhaul subframe at eNB. More detailed explanation of procedure is following. 
Step1: eNB calculates resource sizes (i.e. number of RBs) for RNs depending on the number of UEs so that resource sizes allocated to each UE become equal. For example, in case where eNB serves 6 UEs and 1 RN which serves 2 UEs and backhaul subframes are 4 per 10 subframes, eNB allocates 5/8 resources to RN as backhaul resource in each backhaul subframe. The rate 5/8 is derived by the following calculation.
5/8 = ( 2 UEs / (6 UEs+2 UEs) ) * (10 subframes / 4 subframes)

Step2: eNB allocates calculated resource size to RNs before allocating resource to macro-UEs.

Step3: eNB allocates the remaining resource to macro-UEs based on scheduler at eNB.
3 Simulation Results
3.1 Random RN deployment scenario

In Figure 2, the cell throughput results of random RN deployment scenario are shown. Figure 2-(a) shows the average aggregated cell throughput which is sum throughput of macro-cell and relay-cell, (b) shows the average throughput of macro-cell, relay-cell and backhaul link, and (c) shows the aggregated cell throughput gain (percentage) compared to a system without relays. In the Figure 2, black, light-blue, red and blue lines show results without relays, 1 RN, 2 RNs and 4 RNs per macro-cell case, respectively. In the Figure 2-(b), lines in upper side show macro-cell throughput and lines in bottom side show relay-cell and backhaul link throughput, the solid lines are relay-cell throughput and the dotted lines are backhaul link throughput. In addition, Figure 6 in appendix shows the average user throughputs. Figure 6-(a) shows the average user throughput for all UEs, and Figure 6-(b) shows the average user throughput for macro-cell UEs and relay-cell UEs separately.
According to Figure 2-(a) and (c), there are cell throughput gains in the relay systems compared to the system without relays. The gains are about 4%, 7-9% and 11-15% in the 1 RN, 2 RN and 4 RN case respectively. When the number of RNs is larger, higher gains are obtained. On the other hand, the cell throughput gains do not depend on increasing the number of backhaul subframes so strongly. However, from Figure 2-(b) each link throughputs have individual relationship to the number of backhaul subframes.  Macro-cell throughput decreases depending on increase of the number of backhaul subframe. On the other hand, relay-cell and backhaul link throughput increase. And relay-cell throughput is limited by backhaul link throughput. Relay-cell and backhaul throughput are saturated for increasing the number of backhaul subframes. The reason for the throughput saturation is that eNB allocates resources to both RNs and macro-UEs in backhaul subframe. It seems that for the 1 RN, 2 RN and 4 RN case 1-2, 2-3 and 3-4 backhaul subframes are sufficient, respectively. In addition, although from Figure 2-(b) relay-cell throughput is lower than macro-cell throughput, from Figure 6-(b) average user throughput of relay-cell UEs is obtained sufficiently compared to that of macro-cell UEs. The fairness between macro-cell UEs and relay-cell UEs is maintained.
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                (a) Aggregate cell throughput                           (b) Macro-cell, Relay-cell, Backhaul throughput
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(c) Cell throughput gain to no relay system
Figure 2   Cell throughput results of random RN deployment scenario
Figure 3 shows the cell-edge (5% CDF point) user throughput of random RN deployment scenario. In addition Figure 7 in appendix shows the cell-edge user throughputs for macro-cell UEs and relay-cell UEs separately. From Figure 3, there are cell‑edge throughput gains compared to the system without relays except 1 backhaul subframe and 4 RNs case. If backhaul subframe is more than 2, the number of RNs increases more, the higher gain is obtained. However, in the case of 1 backhaul subframe and 4 RNs, the cell‑edge UE throughput is lower than others. This reason for the degradation is due to relay-cell UEs as shown Figure 7 in appendix. In this case, RN can not transmit enough data due to limited backhaul.
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Figure 3   Cell edge (5% CDF point) User throughput of random RN deployment scenario

3.2 Fixed RN deployment scenario

The cell throughput results of fixed RN deployment scenario are shown in Figure 4. In Figure 4, its results and markers are same as those of Figure 2 i.e. the result of random RN deployment scenario. In addition, Figure 8 in appendix shows the average user throughputs of fixed deployment scenario. The results in Figure 8 show same as those of Figure 6.

From Figure 4-(a) and (c), there are cell throughput gains in relay systems compared to a system without relays. When the number of backhaul subframe is more than 2, in the 1 RN case there is about 8% gain and in the 2 RN and 4 RN case 14-17% gains are obtained. The aggregated cell throughputs slightly increase depending on increasing the number of backhaul subframe. From Figure 4-(b) each link throughputs have similar characteristics to those of random RN deployment scenario. In addition, as shown in Figure 8-(b) the fairness between macro-cell UEs and relay-cell UEs is maintained same as random RN deployment scenario.
Compared to random RN deployment scenario, the cell throughput gain, and the aggregated cell throughput, of fixed RN deployment scenario is higher than that of random RN deployment scenario. Regarding each link, backhaul and relay-cell throughput of fixed RN deployment is higher than those of random RN deployment scenario same as the cell throughput gain, although macro-cell of fixed RN deployment is similar to that of random RN deployment. Thus, cell throughput gain improvement from random RN deployment to fixed RN deployment results from improvement of relay-cell and backhaul throughput. Especially improvement of backhaul throughput is important because relay-cell throughput is limited by backhaul throughput. This results from coordinated RN deployment where every RN has similar condition. In random RN deployment, however, RN may have bad condition because RN may be deployed just close to macro-cell edge. Therefore backhaul throughput of fixed RN deployment scenario is higher than that of random RN deployment scenario.

Especially in the 2 RN case the improvements from random RN deployment to fixed RN deployment is large. The aggregated cell throughput of the 2 RN case is close to that of the 4 RN case. The backhaul and relay-cell throughput of the 2 RN case are also high compared to those of the 4 RN case. The improvement of backhaul throughput is due to RNs position. In the 2 RN case both 2 RNs still obtain reasonable antenna gain from the sector antenna pattern of the donor-eNB and serve sector-edge UEs. Although in the 4 RN case 2 RNs are in center direction of macro-cell antenna pattern obtain good antenna gain same as the 2 RN case but other 2 RNs don’t have such gain in spite of same distance between donor-eNB and RNs. Therefore in the 4 RN case sufficiently high backhaul throughput is not obtained compared to the 2 RN case.
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                (a) Aggregate cell throughput                           (b) Macro-cell, Relay-cell, Backhaul throughput
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(c) Cell throughput gain to no relay system

Figure 4   Cell throughput results of fixed RN deployment scenario
Figure 5 show the cell-edge (5% CDF point) user throughput of fixed RN deployment scenario. In addition Figure 9 in appendix shows the cell-edge user throughputs for macro-cell UEs and relay-cell UEs separately. From Figure 5, there are cell-edge throughput gains compared to the system without relays except 1 backhaul subframe and 4 RNs case like the results of random RN deployment scenario. Compared to Figure 3, i.e. the result of random RN deployment scenario, the cell-edge user throughput of this scenario is higher than that of random RN deployment scenario. This improvement is provided by deploying RNs close to macro-cell edge. Especially, in the case of 4 RNs and more than 2 backhaul subframes, high cell-edge user throughput is obtained compared to random RN deployment scenario. In this case, a lot of macro-cell edge UEs can connect to relay-cell, because relay-cell can cover macro-cell edge area widely. Therefore by deploying many RNs near to macro-cell edge the cell edge user throughput can improve.
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Figure 5   Cell edge (5% CDF point) User throughput of fixed RN deployment scenario
4 Conclusion

In this contribution, we presented system performance with type-1 relay. The following results are obtained.
· In random RN deployment scenario, cell throughput can improve depending on increase of the number of RNs.
· In fixed RN deployment scenario, cell throughput and cell edge user throughput can be higher than those of random RN deployment scenario.

· By deploying many RNs close to cell edge, cell edge user throughput can improve.
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6 Appendix: 
6.1 Additional Results

Random RN deployment scenario
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             (a) All UEs                                                                (b) Macro-UEs, Relay-UEs
Figure 6   Average user throughput of random RN deployment scenario
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Figure 7   5% user throughput for macro and relay UEs of random RN deployment scenario
Fixed RN deployment scenario
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Figure 8   Average user throughput of fixed RN deployment scenario
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Figure 9    5% user throughput for macro and relay UEs of fixed RN deployment scenario
6.2 Detailed Simulation Assumptions

Table 1   Simulation assumptions (common)

	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	Inter-Site Distance (ISD)
	500m for 3GPP Case1

	Cellular layout
	Hexagonal grid, 19 sites, 3 macro-cell(sector)s per site

	System bandwidth
	10MHz

	Lognormal shadowing
	Similar to UMTS 30.03, B 1.4.1.4 and TR25.996

	Shadowing correlation
	between sites
	0.5

	
	between macro-cells
	1.0

	eNB antenna pattern (horizontal)
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	eNB antenna pattern (vertical)
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	RN antenna pattern (horizontal)
	RN-UE link (Tx antenna)
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	eNB-RN link (Rx antenna)
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	RN antenna pattern (vertical)
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	Combining method in 3D antenna pattetn
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	Number of UEs per site
	75 UEs (25 UEs per macro-cell)

Uniformly deployment

	Number of RNs per site
	3 RNs, 6 RNs, 12 RNs (1 RN, 2 RNs, 4 RNs per macro-cell)

	Inter-cell interference modelling
	Explicit modelling

	Antenna configuration
	1-by-2 (all link)

	Subframe length
	1 msec

	Resource block bandwidth
	180kHz (12 subcarriers)

	Traffic model
	Full buffer @ eNB

	Scheduler
	PF @ eNB and RN for access link

	MCS sets
	QPSK( R=0.076, 0.117, 0.188, 0.301, 0.438, 0.588 )

16QAM( R= 0.369, 0.479, 0.602 )

64QAM( R=0.455, 0.554, 0.65, 0.754, 0.863, 0.926 )

	AMC target BLER
	10%

	HARQ
	None

	Receiver equalization method
	MMSE

	SINR Mapping
	Exponential Effective SIR Mapping (EESM)

	RN deployment
	Fixed deployment (distance of eNB-RN: 225m)

Random deployment (minimum distance of RN-RN >= 70m)

	Number of backhaul subframes per frame
	1, 2, 3, 4


Table 2   Simulation assumptions (each link)

	Parameter
	eNB-UE
	RN-UE
	eNB-RN

	Minimum distance between nodes
	>= 35m
	>= 10m
	>= 35m (random RN deployment)

	Distance-dependent path loss
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)=131.1+42.8log10(R)

For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km.

Prob(R)=0.5-min(0.5,5exp(-0.156/ R))+min(0.5,5exp(-R/0.03)
	PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)=125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
*The link for donor-eNB to RN has 5dB bonus.

	Shadowing standard deviation
	8.0dB
	10.0dB
	6.0dB

	Penetration loss
	20dB
	20dB
	0dB

	Antenna gain + 
cable loss
(transmitter)
	14dB (eNB)
	7dB (RN)
	14dB (eNB)

	UE antenna gain (receiver)
	0dB (UE)
	0dB (UE)
	5dB (RN)

	Node speeds
	UE speed: 3km/h
	UE speed: 3km/h
	RN speed: 0km/h

	Total Tx power
	46dBm
	30dBm
	46dBm

	CQI feedback delay
	10TTI
	10TTI
	10TTI

	Noise figure
	9dB (UE)
	9dB (UE)
	5dB (RN)

	Node hight
	eNB: 35m

UE: 1.5m
	RN: 5m

UE: 1.5m
	eNB: 35m

RN: 5m
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