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Abstract In the modern era, cellular communication

consumers are exponentially increasing as they find the

system more user-friendly. Due to enormous users and

their numerous demands, it has become a mandate to make

the best use of the limited radio resources that assures the

highest standard of Quality of Service (QoS). To reach the

guaranteed level of QoS for the maximum number of users,

maximum utilization of bandwidth is not only the key issue

to be considered, rather some other factors like interfer-

ence, call blocking probability etc. are also needed to keep

under deliberation. The lower performances of these fac-

tors may retrograde the overall cellular networks perfor-

mances. Keeping these difficulties under consideration, we

propose an effective dynamic channel borrowing model

that safeguards better QoS, other factors as well. The

proposed scheme reduces the excessive overall call

blocking probability and does interference mitigation

without sacrificing bandwidth utilization. The proposed

scheme is modeled in such a way that the cells are bifur-

cated after the channel borrowing process if the borrowed

channels have the same type of frequency band (i.e. reused

frequency). We also propose that the unoccupied interfer-

ing channels of adjacent cells can also be inactivated, in-

stead of cell bifurcation for interference mitigation. The

simulation endings show satisfactory performances in

terms of overall call blocking probability and bandwidth

utilization that are compared to the conventional scheme

without channel borrowing. Furthermore, signal to inter-

ference plus noise ratio level, capacity, and outage prob-

ability are compared to the conventional scheme without

interference mitigation after channel borrowing that may

attract the considerable concentration to the operators.

Keywords Dynamic channel borrowing � Quality of

Service (QoS) � Bandwidth utilization � Interference

mitigation � Outage probability � Channel capacity

1 Introduction

Wireless networks are probing for an optimum way so that

it can keep pace with the fastest growing cellular com-

munication consumers by ensuring maximum utilization of

radio resource in spite of limited bandwidth spectrum,

obviously retaining the highest standard of Quality of

Service (QoS) at all the time [1]. In order to achieve the

guaranteed QoS level, excessive call blocking probability,

interference etc. may become hindrances. Hence, due to

interference problem, signal to interference plus noise ratio

(SINR) level, and system capacity may decrease and may

also increase in the outage probability that disturb a sound

cellular communication [2–4].
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In spite of congested traffic, there may be unoccupied

channels in any cell of a cluster that depends upon the total

call arrival rate of the network [5]. If a model can be de-

veloped that ensures maximum utilization of these unoc-

cupied channels, this model can fascinate to fulfill the need

of the excessive consumers in wireless communication. In

cellular networks, if there is excessive traffic in a cell

compared to the number of the original channels, the cell

has the opportunity to borrow the required number of

channels from adjacent cells if the cells have unoccupied

channels. In this paper, we propose a dynamic channel

borrowing scheme in an effectual way. We consider three

types of reused frequency band in a cluster of seven cells.

An algorithm is proposed for selection of adjacent cells

having maximum number of available channels and the

process for channel borrowing. In our model, we define the

cell as reference cell where the traffic intensity is the

highest among the cells in the cluster. The required num-

bers of channels of the reference cell are borrowed from the

adjacent cell or cells of the cluster where the maximum

numbers of unused channels are available.

We propose that for interference management, the cells

are bifurcated, named inner part and outer part [6, 7] (ac-

cording to necessity, in next section, we discuss it broadly).

The novelty of our proposed model is the proposal of

various techniques for interference mitigation after dy-

namic channel borrowing process. The borrowed channels

are provided to the inner part users of the reference cell.

Moreover, if the channels of same frequency band in the

adjacent cells cause interference with the channels of the

reference cell, then the interfering channels of the adjacent

cells are also provided to the inner part users of those

adjacent cells to reduce interference.

In the previous time, fixed channel assignment archi-

tecture (FCA) [8] and hybrid channel assignment archi-

tecture (HCA) [9] have been proposed that show better

performance in case of bandwidth utilization without

considering interference management. A channel borrow-

ing scheme without locking (CBWL) model [10] has been

proposed which shows that the cells of the system borrow

channels from its adjacent cells when calls arrive but these

channels cannot be served by the normal channels. If the

channels are borrowed from the other cells, the cells use it

with such reduced power so that the borrowed channels are

not necessary to be locked. Dynamic channel allocation

with interference mitigation architecture [11] and inter-

ference declination approach for OFDMA networks [12,

13] describe some interference management techniques.

Our proposed model shows better performances compared

to the above models.

In the proposed architecture, the channel borrowing

procedure is done dynamically. It means either the

available channels (i.e. if the available channels are less

than the required number of channels) or the required

numbers of channels (i.e. if the available channels are more

than the required channels) are borrowed from the adjacent

cells by the reference cell. However, for interference

management, cell bifurcation is done for both reference

cell and adjacent cells according to condition of the cells

(we broadly discuss in our proposed system model). Fur-

thermore, the interfering channels of the adjacent cells are

also inactivated to minimize interference.

In case of interference management, three types of

scheme are proposed in our paper. Firstly, interference

management is done by the bifurcation of the reference

cell. The frequency band that causes interference is pro-

vided to the inner part users. Secondly, both the reference

cell and the adjacent cells are bifurcated. Finally, instead of

reference cell and adjacent cells bifurcation, the unused

channels with same frequency band that may cause inter-

ference, is made inactive in the adjacent cells, thus inter-

ference mitigation is made possible. These approaches

result in interference declination, higher system capacity,

and lower outage probability for a cellular network where

there exists excessive traffic. The proposed model also

shows convenient performance that reduces excessive

overall call blocking probability and ensures maximum

bandwidth utilization which may draw the attention of the

operators of the cellular networks.

The rest of this paper is organized as follows: Sect. 2

shows the proposed dynamic channel borrowing scheme

with algorithm and the proposed interference declination

scheme with proper illustration. Call blocking probability

using the queuing analysis for the proposed scheme is

shown in Sect. 3. In Sect. 4, the capacity and outage

probability analysis of the proposed scheme are shown.

The performance evaluation of our proposed model is

demonstrated in Sect. 5. Finally, summary and concluding

notes are drawn in Sect. 6.

2 Proposed dynamic channel borrowing
and interference mitigation scheme

Existing and upcoming wireless networks are requisite to

support the maximum number of users within limited re-

sources. Due to excessive rise of the users in wireless

networks, the proposed dynamic channel borrowing model

can be a useful way to compensate the demand. We pro-

pose a dynamic channel borrowing scheme as well as in-

terference mitigation process through which maximum

bandwidth utilization with less overall call blocking prob-

ability and better QoS are ensured. In this system model,

we use the basic nomenclatures that are defined in Table 1.
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2.1 System model

In our proposed scheme, we consider a cluster of seven

cells where three types of frequency band are reused,

named X, Y, and Z. We assume Xj j ¼ Yj j ¼ Zj j. Frequency

allocation of these cells before dynamic channel borrowing

process is shown in Fig. 1. Each cell encompasses

N number of channels before the borrowing process. We

consider two groups of cells in the cluster based on the

reused frequency allocation for channel borrowing process,

named group A and group B. Group A consists of cell 2,

cell 4, and cell 6 that has same frequency band. Moreover,

group B contains cell 3, cell 5, and cell 7 which has also

same type of frequency band. We define the cells as Amax

and Bmax where the number of unoccupied channels are

maximum in group A and group B, respectively. Besides,

we consider the number of unoccupied channels in the cell

Amax is greater than the number of unoccupied channels in

the cell Bmax. Figure 1 illustrates that cell 1 has channels

with frequency band X, same type of frequency band

named Y is contained by cell 2, cell 4, and cell 6 while cell

3, cell 5, and cell 7 cover frequency band Z individually.

Bandwidth spectrum of the cells corresponding to Fig. 1 is

represented in Fig. 2.

According to our system model, cell 1 is the reference

cell as it is assumed that the traffic intensity in the cell is

higher than the traffic intensity of other six cells of the

cluster. Consequently, there emerges an inevitability to

borrow channels from the adjacent cells. The system model

clarifies that in the first search for unoccupied channels, if

the cell Amax (say cell 2 belongs to group A) is found with

the maximum number of unoccupied channels, the

Table 1 Basic nomenclature for system model

Symbol Definition

X The frequency band allocated for reference cell

Y The frequency band allocated for each of cell 2, cell 4, and cell 6

Z The frequency band allocated for each of cell 3, cell 5, and cell 7

Y0 The frequency band which can be borrowed by the reference cell from cell 2 or cell 4 or cell 6

Y04 Fraction of the frequency band Y0 that is provided to the inner part users of cell 4

Y06 Fraction of the frequency band Y0 that is provided to the inner part users of cell 6

Z0 The frequency band which can be borrowed by the reference cell from cell 3 or cell 5 or cell 7

Z05 Fraction of the frequency band Z0 that is provided to the inner part users of cell 5

Z07 Fraction of the frequency band Z0 that is provided to the inner part users of cell 7

YTh The maximum frequency band which can be borrowed from Y frequency band

ZTh The maximum frequency band which can be borrowed from Z frequency band

N Total number of original channels in each cell

Nreq Total number of channels that are required for meeting the demand of excessive users in the reference cell

Nav,m Total number of unused channels in cell m, where 1 B m B 7

Amax The cell having maximum number of unoccupied channels among group A (i.e. cell 2, cell 4, and cell 6)

Bmax The cell having maximum number of unoccupied channels among group B (i.e. cell 3, cell 5, and cell 7)

Nreq,add The additional number of channels which are required to borrow after borrowing Nav,m

2

Y 7

Z

6

Y

3

Z

5

Z

4

Y

X
1

Fig. 1 Frequency band allocation in the cells of a cluster before

dynamic channel borrowing process

Cell 1
X

Cell 2
Y

Cell 3
Z

Cell 4
Y

Cell 5
Z

Cell 6
Y

Cell 7
Z

Fig. 2 Frequency band of channels in the cells before dynamic

channel borrowing process
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reference cell borrows channels unceasingly from cell 2 till

the channels are required for the reference cell or borrows

the available channels. Subsequently, if the reference cell is

in need of more channels, then it borrows channels from

the cell Bmax of other group (say cell 3 belongs to group B)

which has the maximum number of unoccupied channels at

that instant. This is simply demonstrated in Fig. 3. It shows

that the frequency band Y0 and Z0 are borrowed by the

reference cell from cell 2 and cell 3, respectively. Thus, the

frequency band of cell 2 and cell 3 are reduced to (Y–Y0)
and (Z–Z0), respectively. This results in the escalation of

the frequency band from X to (X ? Y0 ? Z0) of the cell 1.

As a result, the users of the reference cell face interference

from cell 4, cell 5, cell 6, and cell 7 as no interference

management is done. Figure 4 reveals the reallocated fre-

quency band corresponding to the dynamic channel bor-

rowing process of Fig. 3. As the frequency bands (X, Y, and

Z) of the cells in the cluster are reused, there creates in-

terference problem due to the channels of the adjacent cells

to the users of the reference cell.

2.2 Borrowing architecture

When the original channels of reference cell become oc-

cupied by the existing users, the cell needs more channels

to keep the newly arrived traffic active. The proposed

scheme shows the borrowing process in which the channels

can be borrowed from the adjacent cell of one group (we

consider group A) at first. If the reference cell needs more

channels, it can borrow channels from cell of group

B. According to our proposed model, Nreq is total number

of channels that are required for meeting the demand of

excessive consumers in the reference cell and Nav,m is the

total number of unoccupied channels in the cell m, where

2 B m B 7. The dynamic channel borrowing process in-

volves an exploration for Amax in cell 2, cell 4, and cell 6

while search for Bmax in cell 3, cell 5, and cell 7. In the

system model, we assume cell 2 as Amax for group A and

cell 3 as Bmax for group B.

The reference cell (cell 1) borrows Nreq channels from

the cell Amax (cell 2). If Nreq channels are less than Nav,2

(the number of unoccupied channels available in cell 2)

channels then cell 1 borrows Nreq channels and the total

number of channels of cell 1 becomes N ? Nreq. However,

if Nreq is greater than Nav,2, then cell 1 borrows the total

number of unoccupied channels Nav,2. Hence, the total

number of channels of cell 1 becomes N ? Nav,2. If the

total required number of channels Nreq is not achieved, the

reference cell can borrow the required number of channels

from the cell Bmax (i.e. cell 3). Let, Nreq,add is the additional

number of required channels to obtain Nreq channels after

borrowing from cell 2. So, we can write Nreq,add = Nreq -

Nav,2. If Nreq,add is less than Nav,3 (the number of unused

channels available in cell 3), then cell 1 borrows Nreq,add

channels and the total number of channels of cell 1 be-

comes N ? Nav,2 ? Nreq,add. If Nreq,add is greater than

Nav,3, then cell 1 borrows Nav,3 channels and the total

number of channels of the reference cell becomes

N ? Nav,2 ? Nav,3.

The mechanism for the selection of the adjacent cells

and the borrowing process is proposed in algorithm I. The

terms used in the proposed algorithm are defined in

Table 1.

2

Y-Y' 7

Z

6

Y

3

Z-Z'

5

Z

4

Y

X+Y'+Z'
1

Fig. 3 Frequency band allocation in the cells after dynamic channel

borrowing process without interference mitigation

Cell 1
X

Cell 2
Y-Y'

Cell 3
Z-Z'

Cell 4
Y

Cell 5
Z

Cell 6
Y

Cell 7
Z

Y'

Z'

Fig. 4 Reallocated frequency band of the cells after dynamic channel

borrowing process
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Algorithm I: Mechanism for selection of adjacent cells and channel borrowing process

1:   while a call arrives at reference cells (cell 1) do

2:  if Nreq>Nav,1 then

3: select a cell from group A to borrow channels

4:    if Nav,m≥Nreq then

5:     if Nav,2>Nav,4 then

6:     if Nav,2>Nav,6 then

7:            select cell 2 as Amax

8:      else 

9:            select cell 6 as Amax

10:    end if

11: else

12:     if Nav,4>Nav,6 then

13:          select cell 4 as Amax

14: else

15:          select cell 6 as Amax

16:     end if

17:    end if

18: select cell Amax (i.e. cell 2) to borrow channels

19: if Nreq≤Nav,2 then

20:         borrow Nreq channels

21:   else

22:  borrow Nav,2 channels from Am,uc and additional required number of channels from the cell Bmax of 

group B if  available  

23:     if Nav,m≥(Nreq-Nav,2) then

24:      if Nav,3>Nav,5 then

25: if Nav,3>Nav,7 then

26:             select cell 3 as Bmax

27:       else

28:   select cell 7 as Bmax

29:       end if

30 else

31:  if Nav,5>Nav,7 then

32:          select cell 5 as Bmax

33:       else

34:          select cell 7 as Bmax

35:      end if

36: end if

37: select cell Bmax (i.e. cell 3) and borrow (Nreq-Nav,2) channels

38:   if (Nreq-Nav,2)≤Nav,3 then

39:        borrow (Nreq-Nav,2) channels

40: else

41:        borrow Nav,3 channels

42:   end if

43:    else

44:     borrow no channel from Bmax cell

45:     end if

46: end if

47:  else

48:     borrow no channel from Amax cell

49: end if

50: else

51:        borrow no channel

52: end if

53: end while
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2.3 Interference management

Frequency reusing techniques in the cellular networks

cause the interference problem which results in lower

system capacity and lower SINR level as well as higher

outage probability [14]. To mitigate interference problems,

we offer three unlike process which can be very useful to

enhance QoS of the cellular wireless networks.

2.3.1 Bifurcation of reference cell

When the reference cell borrows channels Y0 and Z0 from cell 2

and cell 3, respectively, the users of the cell 1 receive inter-

ference due to Y0 channels of cell 4 and cell 6. Similar oc-

currence can be happened to the users due to Z0 channels of cell

5 and cell 7. The process of interference mitigation involves

the bifurcation of the reference cell as shown in Fig. 5(a).

According to the proposed scheme, the borrowed frequency

bands (Y0 and Z0) from cell 2 and cell 3 are allocated to the

inner part users and the outer part users are provided with the

frequency band X of cell 1. Thus the approach solves the

interference problem to a great extent. In the meantime, the

bandwidth of the reference cell increases and the increased

bandwidth can accommodate the excessive traffic.

2.3.2 Keeping interfering channels blocked

Another approach of the proposed scheme points towards the

process of making the interfering channels of the adjacent

cells (from which channels are not borrowed) inactive when

the reference cell borrows channels from cell 2 and cell 3.

This procedure is possible when the interfering channels of

the adjacent cells remain unused. Figure 5(b) illustrates the

interference mitigation technique. If Y0 channels of cell 4 and

cell 6 as well as Z0 channels of cell 5 and cell 7 remain unused,

the interfering channels can be blocked. Consequently, in-

terference can be reduced to a great extent.

2.3.3 Bifurcation of adjacent cells

The last tactic for interference mitigation has been pro-

posed which includes the bifurcation of the adjacent cells

that lessens the sophistication of the system with creditable

performance. This approach can be applied if all or partial

part of the interfering channels is occupied in the adjacent

cells. The bifurcation process has been illustrated in

Fig. 5(c). In this manner, if Y0 and Z0 channels are bor-

rowed from cell 2 and cell 3, respectively by the reference

cell, then the reference cell and other adjacent cells are

bifurcated and the interfering channels are organized in

such a way that interference can be reduced to a

considerable level. The borrowed Y0 and Z0 channels are

allocated to the inner part users of the reference cell.

We assume that Y04 and Y06 frequency bands are occupied in

cell 4 and cell 6, respectively. Here, Y04 and Y06 indicate the

total or partial part of Y0. The ranges of Y04 and Y06 lie between

0 and Y0 (i.e. 0 B Y04 B Y0 and 0 B Y06 B Y0). The occupied

1

X2

Y-Y' 7

Z

6

Y

3

Z-Z'

5

Z

4

Y

Y'+Z'

(a)

(b)

(c)
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Y-Y' 7

Z-Z'

6

Y-Y'

3

Z-Z'

5

Z-Z'

4

Y-Y'

X+Y'+Z'
1

1

X
2

Y-Yʹ 7

Z-Z'

6

Y-Y'

3

Z-Zʹ

5

Z-Z'

4

Y-Y'

Yʹ4

Zʹ5

Yʹ6

Zʹ7

Yʹ+Zʹ

Fig. 5 Resource allocation after dynamic channel borrowing process

with interference mitigation techniques (a) bifurcation process of

reference cell, (b) blockage of the interfering channels of adjacent

cells, (c) bifurcation process of reference cell and adjacent cells
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Y04 frequency band of cell 4 and Y06 frequency band of cell 6

may be equal or not. To reduce the interference of the refer-

ence cell, Y04 and Y06 frequency bands are provided to the inner

part users of cell 4 and cell 6, respectively. Similarly, Z05 and

Z07 frequency bands are occupied in cell 5 and cell 7, re-

spectively where, Z05 and Z07 frequency bands indicate the

total or partial part of Z0. 0–Z0 is the limit for both frequency

band of Z05 of cell 5 and Z07 of cell 7 (i.e. 0 B Z05 B Z0 and

0 B Z07 B Z0). The occupied Z05 frequency band of cell 5 and

Z07 frequency band of cell 7 may be equal or not. Now, Z05 and

Z07 frequency bands are provided to the inner part users of cell

5 and cell 7, respectively. So, it is easy to comprehend that if

the unoccupied frequency band among Y0 of cell 4 and cell 6 as

well as Z0 of cell 5 and cell 7 become occupied, those fre-

quency bands are delivered to the inner part users of the re-

spective cells. According to the process, Y04 and Y06 frequency

bands of cell 4 and cell 6, respectively can be extended up to Y0

frequency band according to the requirement of the users.

Similarly, Z05 and Z07 frequency bands of cell 5 and cell 7,

respectively can be extended up to Z0 frequency band ac-

cording to the necessity of the inner part users. However, if cell

2 and cell 3 need more channels to keep the newly arrived

users active after borrowing channels by the reference cell,

then cell 2 and cell 3 can reuse the total or partial part of the

frequency bands Y0 and Z0, respectively. In this case, to avoid

interference the frequency band Y0 and Z0 are provided to the

inner part users of cell 2 and cell 3, respectively.

When the channels are borrowed from cell 2, then the

channels of cell 4 and cell 6 ranges to the same frequency

band of the borrowed channels cause interference if they

get occupied. Consequently, these occupied interfering

channels are provided to the inner part consumers of cell 4

and cell 6. Likewise, for cell 3, the interfering cells are cell

5 and cell 7 and same actions may be implemented in the

cells of group B according to our proposed scheme.

If channels are available in the adjacent cells of same

group (i.e. either group A or group B), then the channels

can be borrowed up to threshold value YTh or ZTh) from

such cell which has the maximum number of unoccupied

channels. Besides, if more channels are required, then the

reference cell can borrow channels from the adjacent cells

of group B. However, only the occupied channels of the

adjacent cells which may be the total or partial part of the

channels that range to same frequency band of the bor-

rowed channels are provided to the inner part users.

3 Queuing analysis

The proposed scheme can be modeled as M/M/K/K queuing

system. The call arriving process is assumed to be Poisson.

It is assumed that the arrival process of the traffic in the

cellular networks requires exponentially distributed amount

of service [15]. The ending of a call results in the departure

of the call from the system. Table 2 shows the basic

nomenclatures for the analysis of the paper.

Figure 6 designates the Markov chain before dynamic

channel borrowing process while Fig. 7 stands for the Mar-

kov chain of the proposed scheme. Suppose, M is the max-

imum number of cells and m refers cell m in the cluster of the

system. Maximum number of calls that can be accommo-

dated in cell m is Nm. NTh represents the threshold value

below which channels cannot be borrowed. In the system, km

and lm represent the call arrival rate and channel release rate

for cell m, respectively. We assume that each cell contains N

number of channels before channel borrowing. We can write

N1 ¼ N2 ¼ N3 ¼ � � � ¼ Nm ¼ � � � ¼ NM ¼ N.

However, Nm and N 0m represent the total number of

channels in cell m before and after channel borrowing

process, respectively. According to our system model, the

reference cell can borrow channels from cell m up to the

threshold value. For reference cell, N 0m is greater than Nm

while for the adjacent cells from which the channels are

borrowed, N 0m is less than or equal to Nm. N 0m is equal to Nm

for the cells from which channels are not borrowed i.e. for

reference cell N 01 [ N1 and for adjacent cells

NTh�N 0m�Nm when 2 B m B 7.

Let, Pm(i) is the steady state probability of state i of cell

m after channel borrowing process. Thus, the accumulated

probability for each state of cell m can be expressed as

XN 0m

i¼0

PmðiÞ ¼ 1 ð1Þ

The steady state probability of state i of cell m can be

stated as

PmðiÞ ¼
ðkmÞi

i!ðlmÞi
Pmð0Þ; 0� i�N 0m ð2Þ

From normalizing conditions, we have

Pmð0Þ ¼
XN0m

i¼0

ðkmÞi

i! lmð Þi

" #�1

ð3Þ

The call blocking probability of cell m is PBm and the

overall call blocking probability of the system is PBT. From

(1)–(3), PBm and PBT can be calculated as (4) and (5),

respectively, shown below.

PBm ¼
ðkmÞN

0
m

N 0m!ðlmÞN
0
m

Pmð0Þ ð4Þ

PBT ¼ 1�
PM

m¼1 kmð1� PBmÞPM
m¼1 N 0m

ð5Þ

The bandwidth utilization of the system can be expressed

as
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BW ¼
ð1� PBTÞ

PM
m¼1 km

� �

lT

PM
m¼1 N 0m

ð6Þ

where lT denotes the average channel release rate of the

system.

4 SINR, capacity, and outage probability analysis

For interference management, there are many strategies

available at present in the cellular networks. Mitigation of

interference and noise is one of the biggest challenges

because these strictly decrease the performances in terms

of outage probability, SINR level, and also the capacity of

the wireless link [16]. Calculation of signal coverage for

base signal and interference are obligatory for sound im-

plementation and efficient output of the cellular system.

The signal coverage is greatly influenced by the radio

frequency and topography. Okumura-Hata model have

been used for cellular path loss calculation [17]. From the

model, we can write,

L ¼ 69:55þ 26:16 log fc � 13:82 log hb � aðhmÞ þ ð44:9
� 6:55 log hbÞ log d þ LOW ½dB�

ð7Þ
aðhmÞ ¼ 1:1ðlog fc � 0:7Þhm � ð1:56 log fc � 0:8Þ [dB]

ð8Þ

where L is the path loss exponent for cellular networks, fc is

the center frequency of the macrocell, hm depicts the height

of mobile antenna, hb is the height of BS, LOW is the

penetration loss, and d is defined as the distance between

the BS and the MS.

Considering the spectrum of transmitted signals is

spreads, we can approximate the interference as AWGN

[18]. In case of capacity, we can write Shannon capacity

formula that can be used for ease of calculation as

C ¼ log2ð1þ SINRÞ ½bps=Hz� ð9Þ

The capacity of a wireless communication decreases

with reduced SINR level. Figure 8 interprets the various

signals and interference that immensely affect the capacity

and the outage probability of a cellular network.

Table 2 Nomenclature for

queuing analysis, capacity and

outage probability analysis

Symbol Definition

M Total number of cells in a cluster

m Cell m in the cluster

km Call arrival rate of cell m

1/lm Channel holding time of cell m

Nm Total number of channels in cell m before channel borrowing process

N 0m Total number of channels in cell m after channel borrowing process

NTh Threshold value for borrowing channels

Pm(i) Steady state probability of state i in cell m

PBm Call blocking probability in cell m

PBT Overall call blocking probability of the system

fc Center frequency

hb Height of the base station (BS)

hm Height of the mobile antenna (user)

d Distance between the transmitter and the receiver

So Received signal power from BS

Pout Outage probability of the system

R Maximum number of interfering tiers in the network

r Any interfering tier in the network

Nr Maximum number of interfering cells in r-th tier

ir An interfering cell in the r-th tier

Ir(ir) Received power of interference from i-th cell of r-th tier

L Path loss exponent for cellular networks

LOW Penetration loss

C Capacity of the system
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The received SINR level for users can be expressed as

SINR

¼ So

PN1

i1¼1 I1ði1Þ þ
PN2

i2¼1 I2ði2Þ þ . . .þ
PNr

ir¼1 IrðirÞ þ . . .þ
PNR

iR¼1

IRðiRÞ

¼ So

PR
T¼1

PNT

iT¼1

ITðiTÞ
� �

ð10Þ

where S0 is the received power signal from the BS, r repre-

sents a tier among the interfering tiers. ir and Nr refer a cell

among the interfering cells of r-th tier and maximum number

of interfering cells in r-th tier, respectively. Ir(ir) is the re-

ceived power of the interference from ir-th cell of r-th tier. For

reduced outage probability, we can write the formula [19] as

Pout ¼ Pr ðSINR\cÞ ð11Þ

where c is the threshold value of SINR level. We consider

the value of c in our performance analysis as 9 dB. If its

value goes below this level, then there is no acceptable

reception. Consecutively, we can write from (11)

Pout ¼ Pr

So
PR

T¼1

PNT

iT¼1 ITðiTÞ
n o\c

0
@

1
A

¼Pr

XR

T¼1

XNT

iT¼1

ITðiTÞ
( )

[
So

c

� �( ) ð12Þ

For the proposed model, considering the interfering

channels of the cells, the outage probability can be ex-

pressed as

N1-12 …   …  …    …  

3μ1

0 1 N1=N

λ1 λ1 λ1

(N1-1)μ1 N1 μ1

λ1

2μ1μ1

(a)

(b) 

(d) 

λ1

(c) 

N2-12 …   …  …    …  

3μ2

0 1 N2=N

λ2 λ2 λ2

(N2-1)μ2 N2 μ2

λ2

2μ2μ2

λ2

Nm-12 …   …  …    …  

3μm

0 1 Nm=N

λm λm λm

(Nm-1)μm Nm μm

λm

2μmμm

λm

NM -12 …   …  …    …  

3μM

0 1 NM=N

λM λM λM

(NM-1)μM NM μM

λM

2μMμM

λM

Fig. 6 Markov chain before

channel borrowing process
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Pout ¼ 1� exp � c
So

XR

T¼1

XNT

iT¼1

ITðiTÞ
( )" #

¼ 1� exp � c
So

XN1

i1¼1

I1ði1Þ þ
XN2

i2¼1

I2ði2Þ þ . . .

("

þ
XNr

ir¼1

IrðirÞ þ . . .þ
XNR

iR¼1

IRðiRÞ
)#

¼ 1�
YN1

i1¼1

e � c
So

I1ði1Þf gZði1Þ

( )
YN2

i2¼1

e � c
So

I2ði2Þf gZði2Þ

( )
. . .

�
YNr

ir¼1

e � c
So

IrðirÞf gZðirÞ

( )
. . .

YNR

iR¼1

e � c
So

IRðiRÞf gZðiRÞ

( )

¼ 1�
YR

T¼1

YNT

iT¼1

e � c
So

IT ðiT Þf gZðiT Þ

( )
ð13Þ

Equation (13) can be used for the calculation of the

outage probability of the system. Z(iT) indicates a binary

function. The value of Z(iT) is associated with the allocated

frequency band for the reference cell and the iT-th cell of T-

th tier. Z(iT) becomes 1 when the reference cell and the

adjacent cells use same frequency band after borrowing

channels. Otherwise, Z(iT) becomes zero. Insufficient in-

terference management reduces the consumers QoS with

aggrandizement of outage probability where appropriate

interference mitigation solves the limitations. The reduced

outage probability is expected for an efficient wireless

network communication [20]. The bifurcation of cell re-

duces the Pout and improves the SINR level and the ca-

pacity of the system.

(d) 

(c) 
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Fig. 7 Markov chain for the proposed model
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5 Performance evaluation

In this section, we analyze the performances of the pro-

posed scheme. Hence, we study the outcome, considering

the call arrival process to be Poisson. Overall call blocking

probability and overall bandwidth utilization of the system

depend on the individual call blocking probability and

bandwidth utilization of the cells of a cluster. We illustrate

the performances in terms of overall call blocking prob-

ability, overall bandwidth utilization, SINR level, capacity,

and the outage probability. Overall bandwidth utilization

and overall call blocking probability of the proposed model

are compared to such model where dynamic channel bor-

rowing process is absent. Besides, SINR level, outage

probability, and the system capacity of the proposed

scheme are compared to the approach where dynamic

channel borrowing process is present but interference

management is neglected. We assume the empirical ratio of

call arrival rate of the seven cells in the cluster as

7:1:2:4:5:5:6. Total call arrival rate is defined as the sum-

mation of the respective call arrival rates of the cells in the

cluster. Moreover, we consider only 1st and 2nd tier for the

calculation of interference. Table 3 inclines the elementary

parameters that are used for the performance analysis of the

proposed scheme.

Figure 9 associates the overall call blocking probability

between conventional model and the proposed model. The

figure demonstrates the superiority of the proposed scheme

as it reduces the overall call blocking probability of the

system. At lower total call arrival rate, the traffic intensity

in each cell is less compared to the original number of

channels. So, all the cells in the cluster have sufficient

channels to manage the traffic. Thus the overall call

blocking probability of the proposed scheme shows ap-

proximate equal performance. As the total call arrival rate

increases, the reference cell has to provide the excessive

number of traffic by dynamically borrowing channels from

adjacent cells. Consequently, the overall call blocking

probability of the proposed model reduces meaningfully as

I1(N1)

Ir(ir)
I1(1)

IR(iR)

I1(i1)

So

Reference cell Cell # 1

Cell # i1

Cell # N1

Interference
Signal

Cell # ir

Cell # iR

Fig. 8 Scenario of signals and

interferences for a consumer

situated in the reference cell of a

cellular network

Table 3 Summary of the parameter values used in the analysis

Parameter Value

Number of cells in each cluster 7

Number of original channels in each cell 100

Number of reused frequency band 3

Threshold value of channels for borrowing in each cell 70

Center frequency 1800 MHz

Transmitted signal power by the BS 1.50 kw

Height of the BS 100 m

Average channel holding time 90 s

Cell radius 1 km

Penetration loss 20 dB

Threshold value of SINR (c) 9 dB

Height of the mobile antenna 5 m

Wireless Netw

123



the extra number of traffic is not blocked due to utilization

of the unused channels of the adjacent cells. Thus the at-

tractive performance proves the feasibility of our proposed

scheme that may draw the attention of the operators for

future wireless networks.

Figure 10 shows the comparison of the call blocking

probability of the reference cell for the proposed scheme

and the conventional model i.e. model without channel

borrowing process. As the dynamic channel borrowing

scheme confirms the activation of the excessive traffic and

the conventional method fails to activate, verily the call

blocking probability of the reference cell of the proposed

model shows greatly better performance compare to the

conventional model. The call blocking probability of a cell

is higher if the call arrival rate of the cell is higher. In spite

of higher call arrival rate in the reference cell, ensuring the

lower call blocking probability proves nothing but the

novelty of the proposed scheme.

Maximum bandwidth utilization is mandatory for fruit-

ful communication. The bandwidth utilization for the sys-

tem based on the proposed scheme is maximized, shown in

Fig. 11 that is compared to the conventional scheme i.e.

scheme without channel borrowing process. The lower

value of total call arrival rate prescribes small variation in

efficiency for both schemes as the traffic intensity in the

cells of the cluster is not high. In this case bandwidth

utilization is less as there remain unused channels in the

cells. With the increment of the total call arrival rate, the

proposed scheme shows better performance compared to

the conventional model which is one of the salient features

of the proposed scheme. As the call arrival rate in the

reference cell is increasing gradually, the unused channels

of the adjacent cells are borrowed by the reference cell to

fulfill the demand of the excessive users. As a result, the

unused channels of the adjacent cells are utilized. Thus the

proposed model assurances better bandwidth utilization.

Figure 12 shows the SINR levels of the proposed

scheme and the conventional scheme i.e. scheme without

interference management after dynamic channel borrowing

process. The result signifies that the SINR level decreases

with the increment of the distance between the BS and the

MS of the reference cell for both schemes. The interference

management process increases the SINR level which is

very significant for any distance with compared to the
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Fig. 9 Comparison of overall call blocking probability
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Fig. 10 Comparison of call blocking probability of the reference cell
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SINR level of the conventional scheme. As the reference

cell and the adjacent cells are bifurcated and the interfering

channels are provided to the inner part users, the users

using same frequency band, receive strong signal from the

BS of the reference cell and trifling interference from the

BS of the adjacent cells. Furthermore, the interfering

channels of the adjacent cells are also locked if they are

unoccupied. Thus, it also reduces the interference.

The comparison of the capacity between the proposed

scheme and conventional scheme i.e. scheme without in-

terference management after dynamic channel borrowing

process, is illustrated in Fig. 13. For the analysis of the

capacity, Shannon capacity formula is used. With the in-

crement of the distance, the capacity of the network de-

grades slowly for the proposed model whereas the capacity

diminishes rapidly in case of conventional scheme. As the

SINR level of the proposed model is greater than that of

conventional scheme, so the capacity of the network shows

superior performance. Likewise, the proposed scheme

shows a reliable data transmission rate than the conven-

tional scheme without interference management.

Figure 14 illustrates that the outage probability of the

proposed scheme is meaningfully smaller than the con-

ventional method i.e. scheme without interference decli-

nation after dynamic channel borrowing. If the distance

between BS and MS increases, the outage probability of the

proposed scheme increases but the result remains in an

acceptable range compared to the conventional scheme.

The outage probability of the conventional scheme in-

creases drastically as the users receive strong interference

from adjacent cells when they move towards the edge of

the cell because there is no interference management. The

improved SINR level of the proposed scheme alleviates the

outage probability of the network that proves smarter

performance of the proposed model.

6 Conclusions

The main advantage of the proposed scheme is the use of

same radio spectrum at the same time with insignificant

interference and ensuring greater bandwidth utilization. To

make it exclusively effective, different conditions are il-

lustrated in this paper for interference declination so that it

can draw the considerable interest for future wireless

communication networks. In the previous time, there were

lots of researches regarding interference management. Our

proposed scheme shows three unique ways for interference

management after the dynamic channel borrowing process.

A deep scrutiny and simulation results prescribe the op-

erational capability of the proposed scheme. The proposed

scheme confirms reduced outage probability and overall

call blocking probability without sacrificing bandwidth

utilization. The scheme also provides outstanding perfor-

mance in terms of system capacity and SINR level. Our

proposed model is expected to be a better choice for the

future wireless networks, considering the efficient perfor-

mances. Our future research includes priority scheme,

multiclass traffic, intercellular interference mitigation, in-

ter-carrier interference management in OFDMA, interfer-

ence declination in multicellular networks. We are also

interested to implement the proposed model for femtocel-

lular networks.
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