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1 Introduction
One of the key features to be introduced by LTE advanced (LTE-A) is the relay node (RN) which is wirelessly connected to radio-access network via a donor cell. Relaying is expected to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas [1]. There are two types of relaying that RAN1 has been discussing. One is the relay treated as a part of the donor cell and the other, called layer 3 (L3) relay, is the relay in control of cells of its own. L3 relay has its own unique physical-layer cell ID and there is no difference in accessing it from a UE perspective.
This document presents the DL system level performance of L3 relay. System level simulations were carried out to obtain the evaluation results based on the assumptions of reusing the DL structures in LTE Rel.8 DL and the simulation parameters RAN1 has agreed on in [2]. We also observe the impact of eNB-to-RN link quality onto the system level performance. The evaluation results provide us the insight of the condition with which the functionality of self-backhauling improves the system level performance.
2 Simulation Assumptions
Relaying resource: To avoid the self-interference at RN, a certain amount of DL resources should be reserved for the eNB-to-RN link only. As illustrated in Figure 1, we assume TD relaying and one subframe per radio frame used for the relaying resource in this evaluation. Both eNB and RN can transmit PDSCH to UEs in the subframes other than subframe #3 while eNB is allowed to transmit PDSCH to RN only in subframe #3. The DL control region of 3 OFDM symbols is assumed in every subframes.
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Figure 1. DL subframe allocation to eNB-to-RN link

RN layout: One RN per cell is placed at the cell edge as shown in Figure 2, i.e. 57 cells and 57 RNs are simulated in total. UEs are uniformly dropped and the location of RN is uncorrelated with UE distribution. A UE is connected to either eNB or RN providing the highest SINR. User population is assumed to be 10 UEs per cell.
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Figure 2. Layout of RN and eNB

Traffic model: The full buffer traffic model is assumed. Technically, this assumption is only valid at the eNB. Even though the eNB has an infinite amount of data to be sent to a UE, it does not mean the buffer at the RN is also full. Since the RN buffer will be filled with successfully received data, the RN buffer status totally depends on the capacity of the eNB-to-RN link.
Most of other simulation assumption follows the evaluation methodology [3] and summarized in Table 1

Table 1. Simulation parameters

	Parameter
	Assumption

	Simulation case
	3GPP case 1 (CF: 2GHz, ISD: 500m, FDD 10MHz)

	Antenna pattern (horizontal)
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	Channel model
	Typical Urban (TU) channel model

	Total eNB TX power (Ptotal)
	46 dBm

	Total RN TX power
	30dBm 

	# RN per macro-cell
	1

	Distance-dependent path loss from new nodes to UE
	eNB-to-RN: 
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	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	eNB-to-RN: 6 dB
RN-to-UE: 10 dB

	Shadowing correlation
	Between cells: 0.5

	Penetration Loss
	eNB-to-RN: 0 dB

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

	Antenna pattern  (horizontal)
	eNB-to-RN: 
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 dB without antenna down-tilt

	UE speeds of interest
	3 km/h

	Minimum distance
	between eNB and UE: >=35m
between RN and UE: >=35m

	Doppler of eNB-to-RN link
	0 Hz (AWGN channel)

	Inter-cell Interference Modelling
	Explicit modelling

	Antenna configuration
	1 tx × 2 rx antenna ports

	Antenna gain
	eNB: 20dBi
RN: 5dBi


3 Simulation results and discussions
We applied different levels of eNB-to-RN link quality to the simulations to see the contribution of eNB-to-RN link quality to the overall performance. As easily expected, the eNB-to-RN link should be sufficiently reliable. Otherwise, even when a UE connected to a RN experiences good channel quality from the RN, the RN may not have sufficient amount of data to send in the buffer. According to the results in Table 2, when the SINR of the eNB-to-relay link is 3 dB or 9 dB, relay deployment underperforms the case with no relay. On the other hand, improvement in terms of both cell throughput and cell-edge user throughput is observed in case where the quality of the eNB-to-RN link is good enough. The simulation results confirm that sufficiently reliable eNB-to-RN link should be guaranteed for the relay to provide system level performance improvement.

Table 2. Simulation results

	
	No RN
	One RN per cell

	SINR of the eNB-to-RN link (dB)
	N/A
	3
	9
	17

	Average cell throughput (bps/Hz)
	0.8124
	0.7564
	0.7913
	0.8634

	Average user throughput (bps/Hz/user)
	0.08124
	0.07564
	0.07913
	0.08634

	5%-tile cell edge throughput (bps/Hz/user)
	0.0290
	0.0100
	0.0180
	0.0380


4 Conclusion

This contribution presented the DL system level performance of L3 relay in terms of cell throughput and cell-edge user throughput. It was observed that self-backhauling via relaying may degrade the system level performance compared to the case without introducing the relay if the eNB-to-RN link is not sufficiently reliable. However, once eNB-to-RN link quality is good enough, relaying provides the system level performance improvement in not only cell-edge user throughput but also cell throughput.
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