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1. Introduction
In previous meetings, some contributions have evaluated the system throughput with various placements of RN with in-band backhaul link [1-5]. Those simulation results showed that the quality of backhaul link significantly impacts the system performance. Generally the overall throughput decreases as the quality of backhaul link deteriorates. The throughput which can be put out from RN is heavily depends on the throughput that can be carried by backhaul link. In this contribution, we present simulation results of relay performance regarding the placement of relays and backhaul link capability. Throughput from a single RN has been investigated in terms of ESINR for performance evaluation.
2. General Consideration on backhaul link capability
Type I RN has own PCI so that available resources for access link are far greater than the backhaul resources. This is considered as the main advantage of Type I RN compared to Type II RN. Interference is major limiting factors when RN is placed deep into the coverage of eNB (i.e. within 50~60% inside) for blind area coverage though.
Type II RN is definitely worse than Type I relay in terms of resource utilization. The performance is comparable or worse when resources are independently allocated between eNB and RN since RS of RN of Type II is contaminated by correlated noise, i.e. RS from eNB. Concurrent Transmission from eNB and RN is a natural choice to cope with interference.
There are two phenomena that would take place regarding backhaul link capability. The first is “backhaul link limited” case and the second is “access link limited” case. Backhaul link limited case would take place when access link throughput is greater than the backhaul link capability. This effect is magnified when Type I RN is placed at the cell edge area since backhaul link quality is worse than the access link quality in general. It is obvious that the backhaul link becomes the bottleneck regarding the system throughput in such cases. The access link limited case can take place when the backhaul link is more capable than access link. This would normally occur in Type II RN since RN has limited resources for access link and in Type I RN because interference deteriorates the quality of access link.
3. Effective SINR of Backhaul link

Effective SINR is used as a tool to evaluate the performance of RN. Effective SINR reflects the overall throughput that can be carried by RN. The procedure to evaluate the RN performance is described as follows:
Step 1: Estimate SINR per link

Step 2: Use Shannon formula to find equivalent bit rate per unit resource per link

Step 3: Compute bit rates that can be carried by backhaul link

Step 4: Compute the ESINR use the inverse Shannon formula

3. 1 Type I RN
The throughput that can be carried by RN is limited by either the quality of access link, i.e. access link limited, or the quality of backhaul link, i.e. backhaul link limited.
· backhaul link limited case

If sum of throughput that can be delivered by RN is greater than the throughput that can be carried by backhaul, the overall throughput is limited by backhaul quality. This could happen when Type I RN is placed at the cell edge area since backhaul link quality is worse than the access link quality in general (Green line in Figure 1). Moreover access link resources are greater than the backhaul link resources. In this case effective SINR of backhaul link is the same as the SINR of backhaul
· access link limited case

If sum of throughput that can be delivered by RN is less than the backhaul throughput, the overall throughput is limited by access link quality. This could happen backhaul link quality is far better than the average access link quality even though access link resources are greater than the backhaul link resources. This phenomenon takes place when Type I RN is placed deep into the coverage of eNB (Red line in Figure1).
In this case the traffic of UEs that are attached to eNB can be allocated over remaining resources of backhaul link. Therefore effective SINR of backhaul link is less than the SINR of backhaul
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Figure 1. CDF of access link quality (dot line) and backhaul link quality (solid line)
for Type I RN
3. 2 Type II RN
Total available resources for UEs in RN are split between backhaul and access link. The advantage of type II RN is that the access link quality can be enhanced via concurrent transmission without many difficulties. It is observed that effective SINR is always lower than the backhaul SINR.
4. Simulation Setup
In this contribution, simulations are carried out based on configurations 1 which is shown in Table A.2.1.1.2-3 in [7] for a 10 MHz deployment. Detailed simulation parameters are listed in Appendix.

The network deployment consists of 57 cells with wrap-around. A single relay is dropped within each macro cell at constant distance away from donor eNB, e.g. 30%, 60% and 90% of distance between macro and relay. And both omni-direction and directional receiving antennas are considered at relays. In case of directional receiving antennas, we adjust the receiving antenna direction toward donor eNB. A fixed number of UEs are randomly dropped within each relay cell and the rest of UEs are uniformly dropped within each macro cell. The latest propagation channel model is used and shadowing is not considered [7].
We assumed that eNB use MBSFN subframes for backhaul transmission. In FDD, the maximum number of available MBSFN subframes is equal to 6 (subframe #1, 2, 3, 6, 7, 8)[6]. In this simulation, up to 4 subframes in a radio frame are allocated to the backhaul downlink transmission. In case of access link, 6 subframes are always allocated.
5. Simulation Results
Figure 2 shows CDF of effective SINR with omni-directional receiver antenna at RN. Four different cases are shown: backhaul resources of 10%, 20%, 30% and 40%. In case of Type I RN. We can see that the farther away RN is placed from eNB, the higher probability backhaul link limited scenario would take place. Figure 2(a) shows that the RN throughput is entirely limited by backhaul link when RN is placed 90% away from donor eNB. Backhaul link limited case would take place when RN is located at the edge of eNB even though more resources are allocated for backhaul link (Figure 2(d)). In case of Type II RN, throughput would be limited by access link since total available resources for UEs in RN are split between backhaul and access link. It can be shown that Type II RN is worse than Type I RN in terms of ESINR.
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(a) Backhaul resource = 10%                   (b) Backhaul resource = 20%
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(c) Backhaul resource = 30%                   (d) Backhaul resource = 40%
Figure 2. CDF of ESINR with omni-directional receiver antenna at RN
Figure 3 provides impacts on ESINR with directional receiver antenna at RN. It can be seen that directional receiver antenna can definitely improve the backhaul link quality compare to Figure 2. Especially, when RN is placed at edge of macro cell, the quality of backhaul link increases about 7 dB respectively in terms of ESINR. And it is also shown that directional receiver antenna can lower the probability of backhaul link limited scenario. Figure 3(c) shows that probability of backhaul link limited scenario is about 10%, which is much lower than omni-directional receiver antenna, 60% (Figure 2(c)).
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(a) Backhaul resource = 10%                   (b) Backhaul resource = 20%
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(c) Backhaul resource = 30%                   (d) Backhaul resource = 40%
Figure 3. CDF of ESINR with directional receiver antenna at RN
Figure 4 and 5 show CDF of resource utilization of access link with or without directional receiver antenna in Type I RN. These results are shown that resource utilization in RN is getting lower when RN is getting farther away from eNB. As seen in Figure 4 resource utilization in the access link is very low with omni-directional receiver antenna when RN is placed at cell edge. Directional receiver antenna (see Figure 5) or any other mechanism to improve the backhaul link quality can definitely improve resource utilization efficiency.
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(a) Backhaul resource = 10%                   (b) Backhaul resource = 20%
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(c) Backhaul resource = 30%                   (d) Backhaul resource = 40%
Figure 4. CDF of Resource Utilization of Access link in Type I RN
with Omni-directional receiver antenna
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(a) Backhaul resource = 10%                   (b) Backhaul resource = 20%
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(c) Backhaul resource = 30%                   (d) Backhaul resource = 40%
Figure 5. CDF of Resource Utilization of Access link in Type I RN

with directional receiver antenna

6. Conclusion
In this contribution, we present relay performance regarding backhaul link capability. To evaluate relay performance, we introduce ESINR and compare between Type I RN and Type II RN.

Following are some observations we have made:
· The farther away RN is placed from eNB, the higher gets the probability that backhaul link limited scenario would take place
· When less than 10% of total resources are allocated in the backhaul link, the RN throughput is mostly limited by the backhaul link no matter where RN is placed.

· Directional antenna or any other mechanism to improve the backhaul link quality can definitely improve resource utilization efficiency.
· In terms of ESINR, Type II RN is worse than Type I RN despite concurrent transmission.
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Appendix
The baseline parameters for evaluations are given by Table 1.
Table 1. Simulation parameters and assumptions [TR 36.814 v1.2.1]
	Parameter 
	Value

	Carrier frequency 
	2.0 GHz 

	Frequency bandwidth 
	10 MHz 

	Number of cells
	57

	Number of RNs per cell
	1

	Distance between eNB and RN 
	30%, 60% and 90%

	Number of UEs in each cell/sector 
	10

	eNB Transmission Power
	46 dBm 

	BS Antenna Gain + body loss
	17 dBi

	BS Antenna Pattern 
	70° beam-width
No vertical antenna pattern

	RN Transmission Power
	30 dBm 

	RN Antenna gain + connector loss
	5 dBi

	RN Antenna Pattern
	Tx : Omni-directional antenna
Rx : Omni-directional antenna, directional antenna with 70° beam-width

	Pathloss for direct link (from eNB to UEs)
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R)

For 2GHz, R in km.

Penetration loss 20dB

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 128.1+37.6log10(R)

Note 1: Prob(R)=0, other values are FFS

	Pathloss for backhaul link
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R) -B

For 2GHz, R in km.

PLLOS(R)=100.7+23.5log10(R)

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

Prob(R) based on ITU models:
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)
Note : we use special value B=5dB but not introducing site planning optimization methodology[A.2.1.1.4]

	Pathloss for access link
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)

For 2GHz, R in km
Where,

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
Case 1:
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3:
Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))








