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1. Introduction
Relaying is being examined as part of the LTE-Advanced study item as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements ‎[1]. In RAN#46 the relay work item was agreed to specify relays at least for the coverage-improvement scenario ‎[2], therefore in the following we refer to relays deployed at the sector border to provide coverage.
Relays are expected to have lower equipment costs (due to lower transmission power, lower processing power, lower size, etc.) as well as lower site costs compared to eNB. The different transmission powers between eNB and RN lead to different coverage areas and different loads, as show in Figure 1. In LTE, the cell selection is done according to the received signal strength. If the same principle was applied also in relay deployment, it would result in an eNB cell that is still highly loaded while the RN cells have a lower load. Because of the smaller RN coverage area only few users are connected to the RNs. The available resources in the RN cell are not fully exploited; on the contrary in the eNB cell the competition for the available resource is still high.

Balancing the load between these heterogeneous cells is expected to improve the overall performance of relay deployment. In ‎[3] a bias in cell selection is obtained by boosting the relay reference signal (RS) power along with reducing the eNB transmit power. In ‎[4] range expansion is obtained with cooperative silencing schemes, the eNB transmission power is reduced on the radio resources used by the relay node to serve its UEs. 

In this contribution, we analyse the performance of relay deployment when balancing the eNB and RN cell load via introducing a bias in dB in the cell selection thresholds and in the thresholds used for the handover decision. This is already supported by Rel.8 specifications.   
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Figure 1: Unbalanced load between eNB and RN cells.

2. Balancing the load in eNB and RN cells
As discussed in the above section, we expect that balancing the loads between eNB and RN cells can benefit the overall system performance. Therefore we propose to enlarge the RN coverage area by properly adapting the cell selection and handover parameters. If we introduce a bias of X dB to the thresholds used for cell selection and for the handover decision, more users will connect to the RNs and a user will stay connected to the RN longer even if it is moving away from the RN. The concept is already supported by Rel.8 specifications and is illustrated in Figure 2.
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Figure 2: Impact of the X dB bias on the eNB and RN coverage area.

3. System setup and performance results

The simulated network is represented by a regular hexagonal cellular layout with 19 tri-sectored sites with variable number of relay nodes per sector. ISD of 500m and 1732m are assumed. The relay nodes are deployed regularly at the sector border, which is covered by up to 4 relay nodes. Figure 3 presents the relay node deployment scenario with 4 and 10 RNs per sector. Simulation parameters follow the current settings in ‎[5]. The shadow fading is considered for the NLOS component of the channel models while fast fading is not considered. 
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Figure 3: Relay node deployment, 4 RNs and 10 RNs per sector.
Simulation results have been obtained not considering the bottleneck due to the backhaul, i.e. similar to deploying pico eNBs instead of relays, but with the same configurations (sector border deployment, 5m antenna height, channel models, etc.) ‎[5]. The relay gain for 5%-ile is basically similar as for adding pico eNB scaled by the number of radio resources not used for backhauling (see also ‎[6]). At higher %-ile, due to the limited throughput on the backhaul link, the gain is reduced compared to pico eNB and peak throughput even decreases. Therefore, in the following, we report only the gain at 5%-ile, where the backhaul link is not expected to be a bottleneck, and hence, performance of relay deployment is expected to be similar to the performance of pico eNB deployments. 
Figure 4 shows the performance of relay deployment with 0dB bias in cell selection and handover thresholds for ISD 500m. We can observe that the relay deployment improves the performance of the 5%-ile users by 1.65 times for 4 RNs and by 2.46 times for 10 RNs compared to eNB only deployment.
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Figure 4: CDF of SINR (a) and UE throughput (b) without biasing in cell selection, ISD 500m.

The performance of the 5%-ile users can be further improved if X dB bias is introduced towards the RN in cell selection and handover thresholds, as discussed in the above section. Simulation results are shown in Figure 5, Figure 6 and Table 1 for different values of biasing for ISD 500m with 4 RNs and 10 RNs per sector, respectively; we can observe that a 3dB bias towards the RN increases the performance of the worse users by 2.12 as compared to 1.65 gain for the case without biasing. A significant improvement to 3.34 is further noticed in scenarios with 10 RNs per sector as compared to 2.46 with 0dB bias. However, it is worth noting that for higher values of biasing, the worst-performing users are in outage due to insufficient SINR. In such a case, the gain from extension of the RN coverage area comes at the cost of very high interference levels for the worst UEs.
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Figure 5: CDF of SINR (a) and UE throughput (b) for different biasing in cell selection, 4 RNs, ISD 500m.
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Figure 6: CDF of SINR (a) and UE throughput for different biasing in cell selection, 10 RNs, ISD 500m

Table 1 summarizes the 5%-ile throughput CDF levels performance with different bias values, considering 4 RNs and 10 RNs deployments for ISD 500m.
Table 1: 5%-ile throughput gains for different biasing in cell selection, ISD 500m

	RN bias
	0dB
	3dB
	6dB

	5%-ile Throughput Gain 
[n-fold improvement over eNB-only]
	4 RNs
	1.65
	2.12
	2.10

	
	10 RNs
	2.46
	3.34
	3.11


The XdB bias in cell selection and handover thresholds towards the RN have been also applied to RN deployment with ISD 1732m. Table 2 shows the 5%-ile throughput CDF levels performance with different bias values, considering 4 RNs and 10 RNs deployments. A bias of 6dB in favour of the RN leads to a 3.13- and 6.95-times improvement at the 5%-ile throughput CDF level, for 4RNs and 10RNs deployments, as compared to eNB only scenarios. Worst-performing users are however penalized for a bias of 9dB and higher as their SINR degrades significantly.
Table 2: 5%-ile throughput gains for different biasing in cell selection, ISD 1732m

	RN bias
	0dB
	3dB
	6dB
	9dB

	5%-ile Throughput Gain

[n-fold improvement over eNB-only]
	4 RNs
	2.94
	3.11
	3.13
	2.92

	
	10 RNs
	6.41
	6.94
	6.95
	6.30


4. Conclusions
In this contribution, we have discussed the imbalance between the loads in the eNB and RN cells in a coverage limited scenario. Furthermore, a method to balance the load by enlarging the RN coverage area is discussed, it assumes X dB bias in the cell selection and handover decision thresholds. This method is supported by Rel.8 specifications. Simulation results have shown a good increase of performance for the 5%-ile users (5%-ile of the UE throughput CDF) adopting 3dB bias for ISD 500m and 6dB bias for ISD 1732m toward the RN compared to assuming cell selection purely according to the received signal strength. This biasing scheme should be further considered due to its simplicity and ability to provide good performance.
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