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TABLE 1: MACRO CELL SIMULATION PARAMETERS [4]. 
Parameter Assumption 

Cellular Layout 
Hexagonal grid, 19 cell sites, 

3 sectors per site 
Cell radius 500m 

Distance-dependent 
path loss 

L=128.1dB + 37.6 log10(R),  
where R represents user 

distance from TX, 
in kilometres 

Shadowing standard 
deviation 

σ = 8 dB 

Shadowing correlation 
Between cells 0.5 

Between sectors 1.0 

Antenna pattern 
(horizontal) 

( )



















−= m

dB

AA ,12min
2

3θ
θθ

 

dB3θ  = 70°, Am = 20 dB 

Total signal attenuation 

L – A(θ) – shadowing 

(shadowing has a Gaussian 
distribution with standard 

deviation σ)
Carrier Frequency / 
Bandwidth 

2GHz / 10MHz 

Total BS TX power 
(Ptotal) 

46dBm - 10MHz carrier 

Inter-cell interference 
modeling 

DL: BS TX, from other cells, 
radiate maximum power = 

Ptotal 
Uniform user 
distribution over 
cell area  
Minimal user distance 
from BS 

>= 35 meters 

Values of α, γ, δ and ICB that were used in simulations, 
as well as total achieved throughputs per cell for those 
values, are given in Table 2. 

The achieved results for different values of α, in HFFR 
and SFFR cases, are shown in Fig. 5 and Fig. 6, 
respectively. From those figures it can be noticed that this 
parameter does not affect the achieved throughput per 
PRB. Besides that it is observed that the PRB throughput 
in the cell centre gravitates to PRB throughput for R1. On 
the cell border PRB throughput strives to achieve the PRB 
throughput in R3 case. In HFFR case, throughput gains on 
the cell border are significant, while the gains on the cell 
border for SFFR are negligible. Despite that, the overall 
throughput is much lower in HFFR than in SFFR. This is 
due to the fact that SFFR has a greater number of available 
PRBs than HFFR. 

The achieved results for different values of γ, in SFR 
and SFFR cases, are shown in Fig. 7 and Fig. 8, 
respectively. From those figures it can be observed that for 
smaller values of γ a greater throughput per PRB is 
achieved on the cell border, and a lesser throughput is 
achieved in the cell centre, compared with the simulation 
results for R1. This is so because the resources from the 
minor subcarrier group have lower power, compared to the 
resources from R1 scheme, and they have to cope with the 
interference that originates from the major subcarrier 
groups of adjacent cells. With the increase of γ PRB 

throughput begins to pursue the PRB throughput from R1 
simulation. 

 
Fig. 5. The average throughput per PRB as a function of 

distance from BS, for HFFR with variation of α. 

 
Fig. 6. The average throughput per PRB as a function of 

distance from BS, for SFFR with variation of α. 

 
Fig. 7. The average throughput per PRB as a function of 

distance from BS, for SFR with variation of γ. 

 
Fig. 8. The average throughput per PRB as a function of 

distance from BS, for SFFR with variation of γ. 
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TABLE 2: OVERALL THROUGHPUT ACHIEVED IN SIMULATIONS. 
Allocation Scheme Overall throughput [Mbps] 

R1 48.4 
R3 30.9 

SFFR with variation of α 
(β=1, γ=0.25, δ=0.5, ICB=230m, α={0.2, 0.4, 0.6, 0.8, 1}) 

47.0 47.0 46.9 47.1 46.8 

HFFR with variation of α 
(β=1, γ=0, δ=0.5, ICB=230m,α={0.2, 0.4, 0.6, 0.8, 1}) 41.1 41.0 41.2 40.8 41.2 

SFR with variation of γ 
(α=0, β=1, δ=0, ICB=230m, γ={0.1, 0.3, 0.5, 0.7, 0.9}) 

39.5 41.9 43.3 44.1 44.8 

SFFR with variation of γ 
(α=0.6, β=1, δ=0.5, ICB=230m, γ={0.1, 0.3, 0.5, 0.7, 0.9}) 45.5 47.1 48.3 48.9 49.1 

SFFR with variation of δ 
(α=0.6, β=1, γ=0.3, ICB=230m, δ={0.2, 0.3, 0.4, 0.6, 0.8}) 

44.9 45.6 45.8 47.1 47.5 

HFFR with variation of δ 
(α=0.7, β=1, γ=0, ICB=230m, δ={0.1, 0.3, 0.5, 0.7, 0.9}) 32.9 38.3 41.1 45.4 47.9 

SFR with variation of ICB 
(α=0, β=1, γ=0.3, δ=0, ICB={0m,50m,100m,200m,300m}) 

46.6 46.6 45.7 44.0 40.8 

SFFR with variation of ICB 
(α=0.6, β=1, γ=0.3, δ=0.5, ICB={50m,150m,250m,350m,400m}) 

48.3 47.9 47.2 45.5 43.4 

HFFR with variation of ICB 
(α=0.7, β=1, γ=0, δ=0.5, ICB={50m, 150m, 250m, 350m,400m}) 43.5 42.3 40.4 36.9 34.9 

The achieved results for different values of δ, in SFFR 
and HFFR cases, are shown in Fig. 9 and Fig. 10, 
respectively. It is noticed that with the reduction of δ, the 
overall PRB throughput on the cell border increases. In 
SFFR, PRB throughput gains at the cell border cause PRB 
throughput losses to occur in the cell centre. This was not 
the case for HFFR. In HFFR case, with the decrease of δ, 
gains were observed in the cell centre, as well as at the cell 
border. 

 
Fig. 9. The average throughput per PRB as a function of 

distance from BS, for SFFR with variation of δ. 

 
Fig. 10. The average throughput per PRB as a function 
of distance from BS, for HFFR with variation of δ. 

The overall throughput decreases with the reduction of 
δ. In spite of larger gains in PRB throughput in HFFR 
case, overall throughput was much higher for SFFR. Those 
results were expected, because with the decrease of δ 
HFFR begins to resemble the R3 scheme. Besides that, 
HFFR has fewer available PRBs compared to SFFR and 
R1 schemes. 

Achieved results for ICB, in SFR, SFFR and HFFR 
cases, are shown in Fig. 11, Fig. 12 and Fig. 13, 
respectively. In all schemes with the increase of ICB, PRB 
throughput for border users is increasing. In SFR and 
SFFR cases that increase has a direct impact on the 
reduction of PRB throughput for central users, just as it 
was in previous cases. In HFFR case there is a throughput 
increase for border users, but there are no throughput 
decreases for central users. In all cases, with an ICB 
decrease PRB throughput gravitates to the throughput for 
R1 and thus the overall cell throughput is increased. As 
expected, SFFR has the highest overall throughput because 
it most closely resembles the R1. This also implies that it 
has the smallest gains for border users, compared to other 
simulated schemes. 

 
Fig. 11. The average throughput per PRB as a function of 

distance from BS, for SFR with variation of ICB. 
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Fig. 12. The average throughput per PRB as a function 
of distance from BS, for SFFR with variation of ICB. 

 
Fig. 13. The average throughput per PRB as a function 
of distance from BS, for HFFR with variation of ICB. 

 
Fig. 14. The average throughput per PRB as a function 

of distance from BS, for proposed parameters. 

Finally, it can be concluded that the HFFR scheme is 
the best way to allocate radio resources. This scheme 
achieves a significantly better overall throughput than the 
R3 scheme. Although HFFR achieves a lower overall 
throughput than SFR and SFFR schemes, it provides a 
much greater PRB throughput for border users, without 
inflicting losses for central users that occur in SFR and 
SFFR. By adjusting parameters δ and ICB, a much better 

PRB throughput on the cell border could be achieved 
compared to R1. To achieve a compromise between cell 
border throughput and the overall throughput, the 
parameter δ should be between 0.5 and 0.7, while the ICB 
should be between 50% and 70% of the cell radius. The 
parameter α can be set to 1. Doing so, enough power is left 
to the transmitter allowing good performances to be 
maintained, even in cases of the deterioration of 
propagation conditions. The total throughput for these 
parameters is 42.5 Mbps. PRB throughput, as a function of 
distance from BS, for this case is shown in Fig. 14. 

V. CONCLUDING REMARKS 

Based on the analysis conducted in this paper, it can be 
concluded that the best results are achieved with the HFFR 
allocation scheme. The HFFR scheme represents a good 
compromise between the overall cell throughput and the 
degree of interference suppression for users on the cell 
border. Taking that into account, it can be concluded that 
cell border users achieve a higher throughput in the HFFR 
scheme than they would using the R1 scheme. 

Further research in this area could be the analysis of 
network radio resource allocation in realistic 
environments. A topic for further research could also be 
the analysis of performance of different allocation 
schemes depending on the number of users in a network. 
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