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1. Introduction

For the cell throughput and cell edge UE throughput enhancement, the relay network is considered in LTE-A. It is agreed that that backhaul/access link for each user will be connected at the same frequency, and will be separated in time domain. The agreement enables resource reuse which permits eNB and relay node (RN) build backhaul/access link at the same resource, and the of resource reuse is expected to raise spectral efficiency and cell throughput. For better utilization of the resources, we divide the interference which would appear by resource reuse into some patterns. Some patterns will be avoided solely by resource management, and the others will cause serious performance degradation if relay network is not properly implemented. In this document, various implementation issues are considered and we suggest to select some of them for interference free resource reuse.
2. Current issues for relay network implementation
 Following issues are currently discussed for relay network implementation. 

1. UE (which is connected to relay node) can/cannot hear eNB transmission

According to the position, UE can hear only relay node, or UE can hear both RN transmission and eNB transmission (type I).

2. Rel. 8 UE can/cannot access RN

Rel. 8 UE can access RN when it has separated cell ID (type II) or UE can only be directly connected to eNB.

3. High/low power transmission is permitted to relay node
Due to the cost, low power relay node is suggested [1]. However, if RN is to be used to assist CoMP, or RN should cover large area, RN should be built to transmit signal in low power.
[image: image1.emf]eNB

UE3

UE1

UE2

RN1

RN2

Geometrically separated due to the long distance and small transmit power


Figure 2. Interference avoidance by geometrical separation

3. Interference patterns caused by resource reuse
Assuming that relay node dose not transmit data to other relay node, there exist three types of link in relay network.
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When the same resource is allocate to the link 
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, interference will occur between the links. Since some RNs are geometrically separated as shown in Fig. 1, the interference between link 
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 can be avoided by well designed resource allocation algorithm. Due to the transmission power difference of eNB and RN, link 
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 won’t cause serious interference to link 
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· Type I interference: interference caused by link 
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· Type II interference: interference caused by link 
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· Type III interference: interference caused by link 
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Type I, II and III interferences are shown in Fig. 2, 3 or 4.
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Figure 2. Type I interference
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Figure 3. Type II interference
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Figure 4. Type III interference

4. Characteristics of type I, II or III interference 
Type I interference

To guarantee channel capacity of backhaul link, RN should be located not so-far from eNB. Thus, type I interference can seriously degrade UE performance when
· Rel. 8 UE cannot access to relay node

In this case, UE can be located near relay node without accessed by the neighboring RN. In this case, Rel. 8 UE reception could be seriously damaged by the signal radiated from neighboring RN.

· Relay node permits high power transmission.

Due to the high power transmission, some UE would feel interference by link 
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Type II or III interference

Since the transmission power of eNb is larger than the transmission power of RN, type II or III interference could seriously degrades SINR of link 
[image: image31.wmf]ij

C

 if UE 
[image: image32.wmf]j

U

 is not located in shadowing area or located far enough from eNB. When the same resources are used both at backhaul and access link,
5. Consideration for interference mitigation
Here are simple implementation and resource management concept to avoid type I~III interference.

· To avoid type II and III interference, RN would be able to connected UE which located out of the cell edge. This means that RN would be a part of CoMP connection. 

· Relay node can transmit high powered signal. Thus, to avoid type I interference, UE won’t be connected to eNB by reused resource unless UE can communicate via RN.
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