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1 Introduction

The combination of both intra-cell and inter-cell interference experienced by terminals at the cell edge is a limiting factor for LTE system performance. 

Interference mitigation/coordination schemes have been proposed in RAN1 as one way to improve the system performance (for example, the spectral efficiency, the cell coverage and the average throughput) of E-UTRA. Among these schemes, some contributions have shown promising results from reducing inter-cell interference by increasing frequency reuse. 

Most of proposed frequency reuse schemes, such as semi-static or fractional frequency reuse schemes, focus on the data channel, for which it is possible to make use of feedback (CQI) to control the allocation of sub-carriers. In this document, we propose a hybrid frequency reuse scheme suitable for control channels even in the absence of useful channel quality feedback information. The proposed scheme makes use of a combination of different frequency reuse factors. 

This is evaluated by simulation for comparison with other frequency reuse schemes. For a fair comparison of different frequency reuse factors, we consider normalised throughput, which is obtained by dividing the throughput by the product of the bandwidth being used and the reuse factor. The results indicate that the fractional frequency reuse with partial transmission power isolation does not increase the normalized throughput. However, the normalized throughput can be increased by the proposed hybrid frequency reuse scheme with suitable frequency resource allocation.

2 Outline of schemes

Most of the interference coordination schemes based on soft frequency reuse try to increase the signal to interference ratio of terminals, especially for the users at the cell edge since they are interference limited. For example, in [2], the total frequency resources are divided into two groups, major and minor sub-carriers groups. The users at the cell edge use 1/3 of the total available frequency resource of the major sub-carriers group with full or at least high transmission power whereas the users close to the cell centre use the full frequency resource of the minor sub-carriers group with a much lower transmission power compared with that of the users at the cell edge. Similar schemes were also proposed in [3], [4] and some summaries of these schemes can be found in [5] and [6].

The objective of this paper is to compare frequency reuse schemes under the criterion of maximizing the normalized throughput. In particular we focus on the downlink control channels, for which, unlike the data channel, cooperation between NodeB and UE (based on the feedback from UE) is not available. Therefore, in this comparison we deliberately avoid using transmission power adjustments to achieve fractional frequency reuse, since that needs some kind of cooperation between terminals and NodeBs (e.g. using CQI). 

In this comparison, we divide the total available frequency resources into two groups. One group covers the whole cell and is used by every cell, i.e., with a frequency reuse factor of 1. Its bandwidth is denoted by A (localized or distributed). The other group uses a frequency reuse factor of 3 and the three available bandwidths are equal and denoted by B, C and D (localized or distributed). The two groups are assumed to co-exist in the service area and the serving base station for each terminal is selected based on measurements (for example, the strongest pilot signal). 

The signal to interference ratio and the normalized throughput of the frequency reuse schemes with factor 1 and 3 is shown in Figure 1. Although the signal to interference ratio of the scheme with frequency reuse factor of 3 is much higher that that of the scheme with frequency reuse factor of 1, the average throughput may not be larger any more after normalization over the utilised bandwidth. Assuming the normalized throughput for schemes with frequency reuse factor 1 and 3 are T1 and T3 respectively, the maximum normalized throughput can be achieved by selecting the maximum between T1 and T3 for each user. However, this is not practical for the control channel since feedback information is required in order to make such a selection. 

Hence, another solution is considered in this paper: the hybrid frequency reuse scheme. This involves transmitting to each user with both the frequency reuse 1 subcarriers and the frequency reuse 3 subcarriers in the same TTI. The proportion of the total bandwidth with each frequency reuse factor is fixed by a weighting factor β between the bandwidths of frequency band A and the summation of B, C and D. We can design the value of β in order to provide the maximum normalized throughput under certain conditions. For example, in order to maximise coverage for the control channels, we can set β to a suitable value to maximise the 5th percentile of the normalised throughput, i.e., such that β makes 
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3. Simulation assumptions and results 

The main simulation assumptions based on [1] are given in Table 1 in the Appendix. For comparison, the SIR and the normalized throughput of the fractional frequency reuse scheme is shown in Figure 1, together with the curves for reuse factors 1 and 3. For the fractional frequency reuse scheme, in each cell, full transmission power is used for one of the three possible frequency bands and 1/10 transmission power is used for the residual two frequency bands  (if normalized, the value of the full transmission power is 1+2*1/10). It can be seen that the normalized throughput of the fractional frequency reuse is about mid-way between the frequency reuse 1 scheme and frequency reuse 3 scheme. 
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Figure 1 (a) Geometry CDF of different frequency reuse schemes
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Figure 1 (b) Normalized throughput of different frequency reuse schemes

The CDF of the normalized throughput of the hybrid scheme is shown in Figure 2, where for comparison the solid red line and solid blue line indicate the normalized throughput of the schemes with frequency reuse factor of 1 and 3, respectively. The dotted green line shows the normalized throughput of the hybrid scheme when the value of ( is 0.5. From Table 2, it can be seen that at the 5-percentile point which is relevant when considering cell-edge performance, there is 6.5% improvement in normalized throughput compared with that of the frequency reuse 3 scheme.  This makes the cell-edge performance as good as the reuse factor 3, while the cell-centre performance is better than reuse factor 3.  This can therefore translate into a reduced transmission power requirement for the control channel to cover the whole cell.
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Figure 2 Normalized throughput of the hybrid frequency reuse scheme

Table 2 Normalized throughput at 5 percentile point

	Frequency reuse 1
	Frequency reuse 3
	Hybrid frequency reuse scheme
	Improvement of the proposed scheme compared with frequency reuse 3

	0.51
	0.575
	0.6125
	6.5%


4. Conclusions

In this contribution a frequency reuse scheme where the frequency reuse factor of 1 and frequency reuse factor of 3 are co-existing but with different frequency band resource allocation is proposed.

With suitable frequency sub-band allocation between reuse factors 1 and 3, the proposed scheme improves the normalized throughput by 6.5% compared with that of the frequency reuse 3 at the 5-percentile point. 

As with any frequency reuse scheme with factor >1, the UE would need to know in advance which subcarriers to find the control channel on in each cell. Therefore the proposed hybrid scheme could be applicable to the P-BCH (primary broadcast channel), with the pattern of subcarriers used in each cell being deduced from other explicit or implicit signalling – for example from the reference symbol patterns or synchronisation channel sequences. 

It could also be applied to the S-BCH (secondary broadcast channel), with the pattern of subcarriers used in each cell being signalled explicitly on the P-BCH. 

The proposed scheme could also be applied to the downlink control channel, especially if the downlink control channel carried information (possibly jointly coded) for more than one user, so that CQI reports from individual users would not be applicable for selecting the frequency allocation of the control channel.
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Appendix

Table 1.  Simulation parameters

	Parameter
	Assumptions

	Criterion for Selection Connection Cell
	Based on distance dependent pathloss considering shadowing variation

	Cellular Layout
	25 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Log Normal Fading with 0 mean, 8dB standard deviation

	Shadowing correlation
	Between cells
	0

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Carrier Frequency
	2.0GHz

	Number of Receive Antennas
	1

	Number of Transmit Antennas
	1
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