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Abstract- The Soft Frequency Reuse (SFR) scheme is used to 

make the cell-edge users get better performance and utilize the 

resource effectively. Applying Quality of Service (QoS) for cell-

edge users in SFR scheme is a challenging issue. Time-Threshold 

based Scheme (TTS) is a call admission policy that is based on 

monitoring the elapsed time of the handoff calls and, according 

to a time threshold parameter, handoff calls are either prioritized 

or not. In this paper, the performance of SFR scheme in presence 

of TTS scheme (TTS-SFR) is investigated under different 

network conditions. The proposed scheme outperforms our 

previously proposed scheme in terms of handoff dropping (Pd), 

new call blocking (Pb) probabilities and utilization.   

Keywords - Call Admission Control; Soft Frequency Reuse; 

Handoff. 

I. INTRODUCTION  

The tremendous growth of wireless communication and 
mobile computing needs an ever increasing wireless spectrum. 
In order to support a number of simultaneous calls at the same 
time, radio resources have to be reused. Soft Frequency Reuse 
(SFR) scheme is one of the most promising Inter-Cell 
Interference Coordination (ICIC) schemes that has been 
introduced in Long Term Evolution (LTE) -Advanced 
networks [1]. The SFR scheme divides the available resource 
blocks (RBs) into two parts: cell-edge RBs and cell-core RBs. 
Cell-edge users are confined to cell-edge RBs, while cell-core 
users can access cell-center RBs and cell-edge RBs but with 
less priority than cell-edge users. This means that cell-center 
users can use cell-edge RBs only when there are remaining 
available cell-edge RBs available [1]. In literature, several 
approaches, such as [2] - [7], have been proposed for the 
performance analysis of different call admission control (CAC) 
schemes with SFR. In [2], the impact of new call bounding 
scheme with SFR using queuing analysis was discussed. In [3], 
the performance of SFR in presence of Uniform Fractional 
Guard Channel Scheme (UFGCS) was investigated. A 
fractional amount of bandwidth unit is allocated for handoff 
calls. In [4], an adaptive SFR algorithm was developed that 
dynamically optimizes subcarrier and power allocations for 
multicell wireless networks to improve system capacity. In [5], 
a new resource configuration strategy for SFR and an 
admission control algorithm that takes full account of the 
frequency planning of SFR was proposed. In [6], the effect of 
cutoff priority scheme in SFR was investigated using queuing 
analysis.  

Several approaches for CAC schemes, such as [7] -[11], 
have been discussed to provide priorities to handoff requests 

and, since it is practically impossible to completely eliminate 
handoff drops, these schemes have advocated providing 
probabilistic QoS guarantees by keeping the handoff dropping 
probability below a certain level. The Guard Channel Scheme 
(GCS) in [12] gives priority to handoff calls by exclusively 
reserving channels for handoff calls. Although GCS decreases 
handoff dropping probability (Pd), it increases new call 
blocking probability (Pb) and may not utilize the system 
efficiently. On the other hand, according to the fully shared 
scheme (FSS), discussed in [12], all available channels in the 
cell are shared by handoff and new calls. Thus, the FSS scheme 
minimizes the new call blocking probability and maximizes 
system utilization. However, it is difficult to guarantee the 
required dropping probability of handoff calls. Usually, the 
GCS scheme is preferred by users since it decreases Pd, and 
the FSS scheme is preferred by service providers, since it 
maximizes system utilization. As mentioned before, handoff 
calls are prioritized in many schemes at the expense of 
blocking newly originating calls. Their claim is “forced 
termination of ongoing calls is more annoying than blocking of 
newly originating calls”. We believe that this is true to some 
extent, as the annoyance is a fuzzy term which depends on the 
elapsed time of the ongoing call [13] - [15]. For example, 
dropping an ongoing voice call is very annoying if it does not 
last for a moderate duration, whereas it is not that much 
annoying if the call is coming  to its end. Motivated by these 
arguments, the current work evaluates the performance of time-
threshold based scheme over SFR scheme in terms of Pd , Pb 

and utilization. The performance of the system is evaluated via 
extensive simulation. The TTS scheme proposed in [15] is 
evaluated over SFR scheme. The rest of the paper is organized 
as follows: Section 2 summarizes the TTS scheme over SFR 
scheme. In Section 3, simulation parameters are presented. 
Section 4 presents the performance results. Finally, Section 5 
summarizes some key achievements and conclusion.  

II. TIME-THRESHOLD BASED SCHEME OVER SOFT FREQUENCY 

REUSE (SFR)  SCHEME (TTS-SFR SCHEME) 

In our scheme, we focus on a homogeneous multi-cellular 
system that has the same arrival times. This allows considering 
only one cell for performance study. Other cells interact 
through handoff call arrival process. The cell is divided into 
edge and core according to the soft frequency scheme. 

Figure 1 below shows the flowchart of processing a voice 

call in TSS scheme over SFR scheme. According to the TTS-

SFR scheme, after calculating the number of resource blocks 

required, the call type is determined. If there is any free RB 
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available, then the new call is allocated. For handoff calls that 

have elapsed real time greater than or equal to time threshold 

te, if the sum of cell-edge RB and cell interior RB is less than 

total capacity, then the call is accepted. Otherwise, it is 

dropped. For handoff calls that have elapsed real time less 

than time threshold te, if the sum of cell-edge RB and cell 

interior RB is less than the total capacity, then the call is 

accepted. Otherwise, the required resource block is borrowed 

from a neighbouring new call and the call is accepted. If there 

are no cells left to borrow from, then the call is dropped. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. A Call Processing Flowchart 

III. SIMULATION PARAMETERS AND PERFORMANCE 

METRICS 

The simulation has been performed using the Java 

simulation tool [16]. During simulation, more than 30 runs are 

taken for each point in order to reach 95% confidence level. 

The inter-arrival times of new voice and handoff voice calls 

are assumed to follow Poisson processes with means 1/λn ,1/λh   

respectively.  

The call holding times follow exponential distribution with 

means 1/µn for new calls, and 1/µh for handoff calls. 

The normalized offered load of the system (in Erlang) is 

defined as [12] 

        





B

hn                             (1) 

 

The mobility (  ) of calls is a measure of terminal mobility 

and is defined as the ratio of handoff call arrival rate to new 

call arrival rate, and can be written as [12] 

n

h
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The simulation input parameters used are given in Table 1. 

 

TABLE I 

SIMULATION PARAMETERS 

 

Mobility( ) 0.5, 1, 1.5 

Load (  ) 2 Erlangs 

Time threshold 

values (tev, ted) 

15, 30, 60, 

90, 120, 150, 

and 165 sec. 

Total 

bandwidth (B) 

10 MHz(50 

RBs,180 kHz 

per RB) 

New call 

average 

service time 

(1/µn) 

180 sec. 

(Exp. Dist.) 

Handoff call 

average 

service time 

(1/µh) 

180 sec. 

(Exp. Dist.) 

Average 

elapsed time of 

a handoff call 

      90 sec. 

(Unif. Dist.) 
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Block 
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New Call Handoff Call 
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possible resource 

blocks (PRBs) 
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No 
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call and accommodate the 

handoff call  
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IV. PERFORMANCE RESULTS 

The proposed scheme is evaluated for different time 

threshold (te) values. The performance measures obtained 

through the simulation are the blocking probability of new 

voice calls, the dropping probability of handoff voice calls 

(Pd) and utilization (U) of the system. 

Figure 2 shows the voice handoff call dropping probability 

(Pd) versus elapsed time threshold (te) for mobility=3. It is 

seen that handoff dropping probability (Pd) decreases as 

elapsed time threshold (te) increases. The reason is that, as te  

increases, resource blocks are borrowed from new calls and 

handoff calls are accomodated.  

 

 

 

Figure 2.  Dropping probability of voice handoff calls (Pd) versus time 

threshold (te) of the TTS-SFR scheme for load=2 and mobility=3 

 

 

 

Figure 3.  Dropping and blocking probabilities of calls (Pd,Pb) versus mobility 

of the TTS-SFR scheme for load=2 and te=90 sec 

 

      Figure 3 above shows the handoff call dropping 

probability (Pd) and new call blocking probability versus 

mobility for elapsed time threshold (te) = 90 sec. It is seen that 

both probabilities increase as mobility increases. This is 

because, as mobility increases, the number of handoff calls 

increases and more RBs are borrowed from the new calls. 

Figure 4 below shows the blocking, dropping probabilities 

versus mobility for TTS and TTS-SFR schemes for te=90 sec.   

It is clear that the proposed scheme is superior to the 

previously proposed TTS scheme in terms of new call 

blocking and handoff dropping probabilities. In TTS-SFR 

scheme, if the sum of cell-edge RB and cell interior RB is less 

than the total capacity, a channel is borrowed from a new call 

to accommodate handoff call. 

 

 

Figure 4.  Dropping and blocking probabilities of TTS-SFR and TTS schemes 
versus mobility 

 

 

Figure 5. Utilization versus mobility for TTS and TTS-SFR schemes 

 Figure 5 above shows the utilization versus mobility for 
TTS and TTS-SFR schemes for te=90 sec. TTS-SFR 
performance is better than TTS in terms of utilization. This 
means channels are used more efficiently in the TTS-SFR 
scheme. 

V. CONCLUSION 

      In this paper, a scheme called TTS-SFR is proposed and 

analyzed under different network conditions. According to the 

simulation results, the proposed scheme is superior to the 

previously proposed TTS scheme in terms of new call 

blocking probability, handoff dropping probability and 

utilization. There are a number of issues that will be addressed 

in our future research. We will be including multimedia data 

and queuing to the proposed model. 
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