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1. Introduction

Relay has been identified as a fundamental feature in LTE-Advanced in order to achieve LTE-A requirements. Many companies have proposed contributions about relay techniques to analyze the performance of relay system, including Type I relay and Type II relay [1][2][3]. And most of these performances are achieved by link level simulation and system level simulation. In order to provide effective support for future relay relative products, it is expected that these simulations are consistent with the realistic scenarios. And among these, one of the most important issues is how to choose the relay channel models.
In practice, relay node can be deployed in different scenarios for different purposes. And these deployments can be classified into the two following basic scenarios:

· Below Roof Top (BRT), where the eNB is located above roof top while the RN and UE are located below roof top
· Above Roof Top (ART), where both eNB and  RN are located above roof top while UE is located below roof top

Both the two cases are typical and valuable for the relay system. However, based on the simulation performance, the current relay model defined in 36.814 [4] is demonstrated to be mostly suitable for the Relay Node (RN) which is deployed below roof top (BRT), where RN has very small coverage and provide little throughput gain. In our viewpoint, ART RN scenario could give much better coverage and better throughput due to the high LOS probability of relay backhaul link. And if the models defined in 36.814 are used to evaluate the performance of ART RN, it is not realistic and accurate, also not very fair because the relay backhaul link is modeled without any LOS part. Therefore, this contribution will discuss the propagation model for Above Roof Top RN scenario.
2. Channel models
Considering the actual situation, we suggest the antenna height of Relay Node is 10m in the scenario of ART RN.
2.1. eNB<->RN
The following channel model for relay backhaul link is based on the measurement results from AT&T [5], who presented a statistical path loss model for the wireless system in suburban environments. And this path loss model can be applied for the fixed broadband system. Also the supported height of the transmitter ranges from 10 to 80m.One of the reasons we chose this model for the relay backhaul link is that this link is generally fixed. And with regarding to the fact of above roof top, some relay nodes close to the eNB may receive a LOS signal. On the other hand, the interference signals from long-distant neighboring cells would experience a large path loss before arriving to the relay node. This effect will provide good channel condition for the backhaul radio link.
Thus channel model for relay backhaul link with 10m RN height:
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Thus we can get
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2.2. RN<->UE
As the Relay Node is located above roof top and UE is below roof top, the channel model of relay access link is similar to that of macro access link. The difference is that relay node has a lower antenna height than eNB. Therefore, the same basic model from ITU [6] is adopted here for the relay access link, as shown in equation (3)
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Where 
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in kilometers is the distance from transmitter to the receiver, 
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 is the carrier frequency in MHz and 
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 is the antenna height of transmitter above roof top.

Here we take the RN antenna height as 10m and a carrier frequency of 2GHz, the path loss formula reduces to
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3. Performance

Based on the proposed channel model, some simulation results are presented here to verify our considerations.
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Figure 1 comparison of relay backhaul link

Figure 1 shows the macro cell to UE and macro cell to relay DL SINR CDF, and we compared the quality of relay backhaul link with different channel models, i.e. between the model from 814 and the proposed model. It is clear that the proposed model leads to better SINR gain over the relay backhaul link, which matches the reality better.
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         (a)With practical relay backhaul link                (b) relay backhaul link is assumed to 20dB

Figure 2 capacity gain from the proposed channel model

Figure 2 presents the performance gain based on the proposed channel models from the geometry viewpoint of the sector capacity, where (a) is the simulation results with practical relay backhaul link while (b) is for the results with assumption of better wireless condition on relay backhaul link, i.e. 20dB. And the effect that the relay backhaul link will consume part of the radio resources has been considered in the simulation. It is observed that little gain would be achieved if using the channel model defined in 814. And with our proposed models, the relay system can provide larger capacity. In addition, if the quality of the backhaul link is guaranteed, more gains could be achieved (about 19% improvement, but still little gain for the models in 814). And high receiving SINR or high throughput of the relay backhaul link can be achieved by advanced antenna technologies, such as beamforming, directional antenna and MIMO, etc.
4. Conclusion
This proposal discussed the channel model for ART RN scenario, and we suggested the corresponding channel models for the relay backhaul link and relay access link, which are verified by the system level simulation.
The proposed path loss models for eNB-RN link and RN-UE link are described as follows:
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6. Annex
Used simulation parameters

	Parameter
	Assumption

	Simulation case
	Case 3

	Total eNB TX power (Ptotal)
	46 dBm

	Total RN TX power
	30 dBm 

	# RN per macro-cell
	2

	Shadowing standard deviation
	eNB-to-UE:   8 dB

RN-to-UE:    10 dB

	Penetration Loss
	eNB-to-RN:   0 dB

RN-to-UE:    20 dB
eNB-to-UE:  20 dB

	Antenna pattern  (horizontal)
	eNB:                                                                                 
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