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1 Introduction

Relays are a technique considered within the scope of LTE-A to improve system performance. Relays can be classified as L1, L2 or L3 relays, depending of the level in the protocol stack where relaying occurs. In this contribution, we analyze the system throughput and the cell edge throughput achieved with L1 relays. The analysis results show that L1 relays improve system performance, especially in terms of cell edge throughput. Consequently, at this stage, L1 relays should be kept as a potential candidate technology for LTE-A [1-2].

2 Network Deployment

The network deployment is a classical 57 cells network with wrap-around. The number of relays in each cell can be configured. Values used in this contribution are one, three, five or nine. Figure 1 through 4 illustrates the relay deployment per cell. For one relay per cell case, relays are at a fixed distance of 4/9 of the ISD from their eNB. For other three configurations the relay nodes have been placed to the circle on the center of hexagon with 1/9 ISD radius with consideration of the priority of cell edge. Because relays will to be placed at positions where their backhaul link is sufficient, ten random sites around each ideal point will be set as candidates. The site with sufficient backhaul link will be the optimal choice. 
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Figure 1. Relay deployment for the case
one relay per cell
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Figure 2. Relay deployment for the case
three relays per cell
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Figure 3. Relay deployment for the case
five relays per cell
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Figure 4. Relay deployment for the case
nine relays per cell


3 System Level Simulation Evaluation

We assume that the UE can receive a direct path from the serving cell and relayed paths from all L1 relays. Noise amplification due to the amplify-forward process is included in the simulation, as well as interference from other cells and all L1 relays. Furthermore, 5 µs processing delay inside L1 relay is assumed and the self-interference is included. Notes that 5 µs processing delay is significantly more than what is expected for a simple broadband repeater. Since there is processing delay inside L1 relays, the interference caused by forwarded rays beyond the CP is also taken into consideration, which is so called self-interference model mentioned in [2]. The simulation assumptions are listed in the Appendix. Figure 5 shows the geometry for different number of relays per cell.
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Figure 5. UE geometry comparison for different relay numbers per cell
Several interesting observations can be made from Figure 5:

· When the number of relays increases from one to nine, the geometry becomes better.
· There is a very minor improvement when one relay is used. To see significant improvement, at least three relays should be used.

Figure 6 shows the CDF of UE throughput. Similar conclusions as for Figure 5 can be drawn.
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Figure 6. UE throughput comparison for different relay numbers per cell
Now, the system throughput is computed for the considered number of relays per cell. Results are shown in Figure 7.

· As expected, the system throughput improvement is negligible for one relay per cell, but becomes apparent for three relays per cell, where the gain is about 5%.

· The system throughput increases with the increase of relay number per cell. The system throughput gain is over 9% with 9 relays per cell.
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Figure 7. Cell average throughput comparison for different relay number
Figure 8 shows the cell-edge throughput (fifth percentile). Various interesting observations can be made: 

· Even with one relay per cell, the cell-edge throughput increase is not negligible: more than 10%. That means L1 relays are very effective to improve cell coverage.
· There is much cell-edge throughput gain when the number of relay is greater than three. The cell-edge throughput gain can reach 29.77% with 9 relays per cell.
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Figure 8. Cell-edge throughput comparison for different relay number
4 Conclusion
With system level simulations for 3GPP case 3, the capability of L1 relays to improve the system capacity is verified. At this stage, L1 relays should be a candidate technology with low cost to achieve cell edge throughput improvement.

5 Appendix
Table 1 presents the baseline parameters for evaluations of relays [3-4].
Table 1: Simulation parameters for L1 relaying

	Parameter
	Assumption

	Scenario
	Case 3: 2G CF, 1732m ISD, 10M BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around

	Relay layout
	One/three/five/nine relay(s) per cell

	Load
	Average 10 UE per cell

	UE distribution
	Users dropped uniformly in entire cell

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm for L1 relays

	BS antenna gain plus cable loss
	14 dBi

	Relay antenna gain plus connector loss
	5dBi for relay to UE; 

	UE antenna gain
	0 dBi

	Noise figure at relay
	5dB

	Noise figure at UE
	9dB

	Noise power spectral density of Relay/UE
	-174 dBm/Hz

	Distance-dependent path loss for macro to UE
	L=128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for macro to relay
	L=124.5 + 37.6log10(R), R in kilometers 

	Distance-dependent path loss for relay to UE
	L=140.7 + 36.7log10(R), R in kilometers

	Minimum distance between UE/relay and cell
	>= 35 meters

	Minimum distance between UE and relay
	>= 10 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 6 dB for macro to relay; 10dB for relay to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	Between cells/sectors
	1.0

	Penetration Loss  
	0dB for macro to relay; 20dB for relay to UE and macro to UE

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Inter-cell interference modelling
	cell: 7 explicit modelling else cell power = Ptotal;
relay: 1 explicit modelling else relay power

	Channel model
	backhaul link: AWGN , access link: SCM-E

	Number of antenna elements (BS, Relay, UE)
	(2, 2, 2)

	Antenna separation (BS, Relay, UE) [times of wavelength]
	(4, 4, 0.5) 

	Polarization
	No

	Traffic model
	Full buffer

	Scheduler
	PF

	Number of MCS candidates for link adaptation
	30

	HARQ
	HARQ-CC; Maximum 3 transmission times

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE
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