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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.
The fractional power control has been specified for LTE Rel.8 to mitigate the inter-cell interference in uplink ‎[3]. The applicability of the existing uplink power control also for relay deployment needs to be studied because the backward compatibility between Rel. 8 and LTE-Advanced terminals is required. In this contribution we discuss the derivation of the optimal uplink power control settings for the relay scenario.
2. Fractional power control

The fractional power control is used in LTE Rel.8 ‎[3]:
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where 
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 is the maximum allowed transmit power of user equipment (UE), 
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 is a parameter used for controlling the SINR target and 
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 is the number of physical resource blocks (PRBs) allocated to one UE. Furthermore, 
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 is the path loss compensation factor, 
[image: image6.wmf]L

 is the downlink path loss calculated at UE based on the reference signal, and 
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 are UE specific closed loop correction value and MCS offset, respectively. Since in this contribution we focus on the open loop power control, the latter two parameters are omitted and the following formula is used:
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If 
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 = 1, then the path loss is fully compensated and the resulting scheme in the following is called full compensation power control (FCPC). The inter-cell interference can be reduced by using values 
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<1 and in the following we call this setting fractional power control (FPC).
3. System setup and uplink performance results

The simulated network is represented by a regular hexagonal cellular layout with 19 tri-sectored sites, ISD of 500m is assumed. The relay nodes are deployed regularly at the sector border, which is covered by up to 5 relay nodes, as shown in Figure 1. Simulation parameters follow the current assumptions in ‎[4], the shadow fading is considered for the NLOS component of the channel models, while fast fading is not considered  as also assumed in HetNet study item ‎[4]..
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Figure 1: Relay node deployment at the sector border.
An extensive search over the whole parameter space has been applied for the uplink power control parameter optimization, the approach compromises two steps: (1) optimisation of RN parameters and (2) optimisation of eNB parameters. The optimisation results in different settings depending on whether the 5%-ile or the 50%-ile user throughput cdf is maximised. The settings are shown in Table 1 for the 5%-ile and in Table 2 for the 50%-ile, the corresponding uplink user throughputs are plotted in Figure 2. We note that, as expected, the full compensation power control setting optimises the performance for the worst users (5%-ile user throughput) while the fractional power control setting optimises the performance of cell center users (50%-ile user throughput). 
Table 1: Uplink power control setting that maximises the 5%-ile user throughput cdf.
	Parameter
	@eNB
	@RN

	P0 [dBm]
	-95
	-101

	α
	1
	1

	Pmax [dBm]
	23
	15


Table 2: Uplink power control setting that maximises the 50%-ile user throughput cdf.
	Parameter
	@eNB
	@RN

	P0 [dBm]
	-53
	-61

	α
	0.6
	0.6

	Pmax [dBm]
	23
	15


Results have been obtained without considering the bottleneck due to the backhaul, i.e. the relay deployment is equivalent to Pico eNBs which are deployed with the same configurations as used for the relay deployment (sector border deployment, 5m antenna height, channel models, etc.) ‎[4]. The relay gain for 5%-tile is basically similar as for adding Pico eNBs scaled by the number of radio resources not used for backhauling (se also ‎[5]). At higher %-tile, 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 only show 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. The user throughput cdf for eNB only deployment is also shown for comparison, the fractional power control setting is assumed with 
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 = 0.6 and 
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=-55dBm. We can observe that the relay deployment improves the performance of the worst users (5%-ile user throughput) by 204% compared to eNB-only deployment.
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Figure 2: User throughput assuming the parameter settings in Table 1and Table 2. The user throughput saturates to 1 for very high throughputs, for sake of clarity it is not shown in the figure.
4. Conclusions

The uplink power control for LTE-Advanced in relay deployed scenarios has been investigated. Special focus has been put on the fractional power control parameters and the goal was to find out whether parameters that are currently employed in LTE Rel. 8 would be applicable for both eNB and RN in the relay scenario. 
It has been observed that the uplink performance is greatly improved when relays are introduced. However, using the same power control parameter setting in the relay scenario as in the eNB-only scenario does not provide the best possible performance. Hence, parameter optimization was found to be important so that better performance in relay scenarios can be achieved.
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