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1 Introduction

The relaying technologies have been considered in LTE-Advanced study item as one of the technologies to enhance the system performance and extend the coverage [1]. Two types of relay technologies have been defined in [1]; they are Type I and Type II Relay. For Type I Relay, it is characterized by in-band backhauling link. The Type I relay node behaves similar to an eNB with wireless backhauling since it has its own cell ID.  Type II relay does not have their own cell ID, and will not introduce any new cells [2]. Type II relay is a transparent relay. The relay node assists the donor eNB to improve the system performance in the overlay system deployment scenario.  
The discussion of the relay technologies focuses on the performance aspects of Type I or Type II relay [3-10] now. However, there are barely contributions to compare the performance of Type I and Type II relay in the specific scenario. In this contribution, we show preliminary simulation results of Type I and Type II relay when the relay nodes are overlaid with the donor eNB. The simulation results provide a clear indication that Type II relay has better performance to that of Type 1 relay when the relay node is overlaid with the donor eNB. 
2  Characteristics of Type 1 and Type 2 Relay
The Type II relay is a relay technology for throughput enhancement when the relay node has the overlapped coverage area with the donor eNB. Since Type II relay is design for throughput enhancement, it assists the donor eNB in PDSCH/ PUSCH transmission. Type II relay node does not transmit the PDCCH and CRS to ensure the cell coverage area of donor eNB remaining the same. Since the absence of PDCCH at Type II relay node, there is no cross interference of control channel between the relay node and the donor eNB. The cross interference of control channel is one of the open issues for Type 1 relay.
· Flexible Scheduling Scheme
Type I relay node is an independent cell and thus has its own scheduler. The type of scheduling for Type I relay is considered as a distributed scheduling scheme. Type II relay relies on the donor eNB scheduler for both DL/UL scheduling, which is considered as a centralized scheduling. Type 1 relay is limited by the configured MBSFN subframe during backhauling reception for backward compatible support of Rel-8 UEs. The efficiency of backhaul link decreases.  The performance optimization of Type I relay is restricted by the TDM backhauling.  Type II relay does not have any backhauling constraint to allow flexible scheduling schemes at the donor eNB.
· Flexible UE Association to the Relay Node Coverage Area
The relay technologies are designed to enhance the coverage of local area. In particular, the performance enhancement by the relay would be significant when the distribution of the UEs is non-uniform and heavy loaded at specific spots covered by the relay nodes. The performance enhancement by the relay nodes at the local area depends on the percentage of UEs served by the relay node in relation to the total UEs in the coverage area of the donor eNB. Type II relay has the advantage of flexible UE association method in the transparent way when the UEs are non-uniformly distributed. Type I relay needs to have new matrix of cell selection in order to get the UE covered by the relay node since CRS are transmitted from both the donor eNB and the relay node.
· Transparent Cooperative Transmission and Interference Management
The cross interference of the data channels between the donor eNB and the relay node is as critical as that of control channel. The interference management of the control and data channel are the key in the throughput performance. Type II relay is transparent relay and supports cooperative transmission between the eNB and the relay node. The transparent cooperative transmission allows the coherent combining at the UE and minimizes the cross interference. Since Type 1 relay is an independent cell, it could support cooperative transmission through CoMP technologies. However, the CoMP technologies require frequent communication between nodes, which is one of the limitations for Type 1 relay in backhaul constraints. 
From the discussion aforementioned, Type II relay shows the advantages of no mutual interference of control and data channel, better resource allocation for performance enhancement through centralized type scheduling, and performance gain through transparent cooperative transmission over Type I relay.
3 System Level Simulation 
3.1 System Simulation Assumptions
Simulation settings follow the latest TR 36.814 (v1.4.1) [1] including the updated pathloss model of access link and direct link. DL simulations are carried out for a 5 MHz system with 25 UEs per macro cell. A new RN position [8] is also applied in this simulation work. 
According to the discussion in Section 2, we studied two types of RN allocation in eNB’s coverage, which are in the center and on the cell edge. The UE cluster mode is also considered in the simulation, where UEs are dropped within x meters around relay randomly. When relay is located on the cell edge, we also discuss the simulation with different configurations of backhaul link. 
3.2 System Results for Relay Central Deployment
The relay node allocation in the system level simulation is at the central part of the donor eNB coverage area as shown in Fig. 1, where the RN is located on a circle near the eNB. The distance between the center of the circle and the eNB is 13/60 ISD, while the radius of the circle equals 1/12 ISD. The detailed positions of the RNs on the circle are the same as shown in Fig. 1. All the three cells in one site share the same relay deployment, which means the same number and position of relays are used. The object of the relay deploying at center of the eNB coverage area is to emulate high data rate requirement in hotspot area in cell center. Both uniformed and cluster UE distributions are considered in the simulation. 

[image: image1.emf]
Fig. 1 The Position of RNs under Central Deployment

Fig. 2 and Fig. 3 compared the percentage of UEs served by Type I RN/eNB and Type II RN/eNB. We can find that, even in cluster mode, few UEs can be served by Type I relay since of association metric (maximum receiving power). On the contrary, more UEs can be associated to Type II relay with flexible association metric. 
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Fig. 2 Percentage of UEs Served by Type I Relay            Fig. 3 Percentage of UEs Served by Type II Relay
Fig. 4 and Fig. 5 show the throughput results for this scenario under 3GPP Case 1 and Case 3. Based on the simulation results, we can get the conclusion that Type I relay would not improve the performance in the scenario of hotspot allocation in the center of the donor eNB coverage area. Type II relay can improve the system performance significantly.
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Fig. 4 Spectrum efficiency CDF for Type II Relay with Central Deployment under Case 1 (Left for Uniform, Right for Cluster)
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Fig. 5 Spectrum efficiency CDF for Type II Relay with Central Deployment under Case 3 (Left for Uniform, Right for Cluster)
3.3 System Results for Different Backhaul Configuration
From the simulation results [5, 8], it can be found that the throughput performance of the LTE-Advanced system with type I relay is seriously limited by the backhaul link. Since of the inflexible MBSFN configuration and limited backhaul subframe, it is hard for Type I relay to resolve this problem by scheduling. For Type II relay, this problem will not exist. Type II relay system can adjust the UE association to match the backhaul resource and achieve high performance gain. Fig. 6 illustrates the RN position at the donor eNB coverage in the simulation, where the RN is located on the cell edge. The UEs are uniformly allocated in the cell in the simulation. 

[image: image6.emf]
Fig. 6 The position of RNs on Cell Edge
Fig. 7.1 and Fig. 7.2 show the simulation under 3GPP Case 1. For fair comparison purpose, the number of two available backhaul subframes for both Type I and Type II, although Type II has less limitation on backhaul subframe configuration. For Type II Relay, we adjust the UE association scheme to match the backhaul link resource. Here spectrum reuse between eNB and RN is also applied for Type I and Type II relay to improve the system performance. The simulation results show that Type II relay can achieve higher throughput both for cell edge and cell average spectrum efficiency.
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Fig. 7.1 Spectrum efficiency CDF for Type I/II Relay under backhaul configuration
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Fig. 7.2 Spectrum Efficiency (bps/Hz) for Type I/II Relay under backhaul configuration
In addition, we also simulate the situation when backhaul subframes assigned to Type II relay increase to 3 (Type I relay remain 2 backhaul subframes). The results show that when backhaul link resource increase, Type II relay can get extra performance gain for cell average spectrum efficiency.
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Fig. 8 Spectrum efficiency CDF for Type I/II Relay under increased backhaul subframe for Type II Relay
4 Conclusion
In this contribution, we compare the simulation results of Type I and Type II relay under some special scenarios (RN central deployment and UE cluster mode). The simulation results show that Type II relay can achieve better performance gain for the hotspot scenario, when the relay nodes are located in the center of the donor eNB coverage area. Type II relay shows performance advantage over that of Type I relay when the available backhaul link subframes are restricted. The conclusion is that Type II relay can improve the system throughput for the relay nodes overlay with the donor eNB 
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