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ABSTRACT

Most cellular wireless networks are voice, data, and video
integrated which now introduces the challenge on providing
channel allocation techniques to ensure adequate performance
for all services. Furthermore, with the increasing demand for
these mobile multimedia services, cellular networks have
adopted micro architectures to provide the higher capacity
needed to support the broadband high speed of these services
under the limited radio spectrum. This consequently has
increased the undesirable interruption of ongoing calls as the
mobile terminal moves from one cell to another. Handoff
calls, as they are called, need to perform well and introducing
a scheme that gives priority to handoff calls over new calls is
necessary. This paper proposes a scheme that guarantees the
Quality of Service (QoS) of handoff calls and new calls. The
proposed design, based on the combining features of the
existing Dynamic Channel Reservation Scheme (DCRS) and
the Handoff Queuing Scheme (HQS), ensures both a low
dropping probability of handoff calls and a low blocking
probability of new calls with an improved channel utilization
without system overload. It would be shown that through the
analytical results of the proposed design, namely the Queue
Dynamic Channel Reservation Scheme (QDCRS), compared
with the Fully Shared Channel Scheme (FSS); offers
exceptional QoS with the opportunity for added improvement
performance.
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1. INTRODUCTION

In cellular wireless networks, channel allocation methods are
important to ensure a fair balance between the user and the
service provider. From the user’s perspective, what is desired
is a better performance in handoff dropping calls than new
calls; whereas from the service provider’s point of view, a
system that can efficiently maximise utilisation without
overload is preferred. Nowadays, most cellular wireless
networks are voice, data, and video integrated which now
introduces the challenge on providing channel allocation
techniques to ensure adequate performance and satisfaction
for all services [1]. Furthermore, with the increasing demand
for these mobile multimedia services, cellular networks have
adopted micro architectures to provide the higher capacity
needed to support the broadband high speed of these services
under the limited radio spectrum. The service provider
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solution has been to make the cell sizes smaller for regions
[2][3]. This consequently has made handoff calls to occur
frequently primarily because the small cell sizes find it
difficult to accommodate the higher capacity on the limited
radio spectrum as a result of no idle channels at the base
station (BS). Importantly, as the handoff rate increases,
bandwidth management, call admission control, and handoff
procedure become a problem in the cellular network [4]. Since
the network system is designed to suit users’ satisfaction and
because a mobile user prefers the dropping of a new call than
the dropping of a progressing call as the mobile terminal
moves from one cell to another, increasing handoff call
performance is the ultimate goal [5][6][7].

Handoff prioritization can be classified into two methods,
namely the guard channel method and the queue method. The
guard channel method is a technique where a small portion of
a high system channel capacity limit is exclusively reserved
for handoff requests whereas the remaining normal channels
are shared between handoff and new calls. This consequently
gives higher priority to handoff calls and helps to reduce
forced termination [8]. These guard channels can either be
fixed or dynamically allocated. For fixed allocation, the guard
channels are developed under the assumption of stationary
call arrivals which may not work well in terms of performance
and quality of service (QoS) when the total carried traffic
arrive under non-stationary traffic patterns due to fluctuation
in mobility. For dynamic channel allocation, on the other
hand, the characteristics of traffic mobility are taken into
account and channels are allocated dynamically based on
those characteristics [9]. This helps in using the limited
wireless channel efficiently while satisfying the requested
QoS of handoff calls.

Alternatively, handoff priority can also be provided by using
the queue method for requests where a queuing system or a
buffer is used for handoff calls when all channels are busy.
There is no similar queue system for new calls. This increases
the level of priority given to handoff traffic and minimizes
loss of traffic [3]. The queue method is more suited to non
real-time traffic (i.e. data and video) and less suited to real-
time traffic (i.e. voice) where delays, brought upon by the
queue process until a channel is available, cannot be tolerated.

This paper proposes a scheme that guarantees the QoS, that is
the new call blocking probability (Pp), the handoff call
dropping probability (Py) and the system utilization (u), for a
voice/data/video integrated cellular wireless network. The
proposed scheme is based on the combination of the
Dynamic Channel Reservation Scheme (DCRS) proposed by
Source [9] and the Handoff Queuing Scheme (HQS)
[10][11][12]. The DCRS is where the guard channels
reserved for handoff calls are also used to accommodate new
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calls. The dynamic allocation of new calls to the guard
channels is determined by an acceptance probability that
depends on the mobility of calls, the total number of available
channels, the threshold between normal and guard channels,
and the current number of occupied channels in the cell. The
HQS on the other hand, is where a queue system is dedicated
to handoff calls while there is no similar system for new calls.
It would be discovered that with the proposed scheme, namely
the Queue Dynamic Channel Reservation Scheme (QDCRS),
compared with the Fully Shared Channel Scheme (FSS), will
guarantee both a low dropping probability of handoff calls
and a low blocking probability of new calls with an improved
channel utilization without system overload. Additionally, it
would also be shown that the QDCRS can give room for even
more additional performance improvement of QoS than the
FSS for the integrated network of voice, data, and video.

2. SYSTEM MODEL

Consider the model of Figure 1. Here, the three classes of
traffic, namely voice (real-time), data (non-real time) and
video (non-real time) arrive at a base station (BS). The traffic
is classified as new and handoff determined by the type of
request. It is assumed that all cells are statistically identical
and therefore a single cell is focused on. It is also assumed
that each admitted call of the following type; handoff video
call, handoff data call, handoff voice call, new video call, new
data call, and new voice call, require one channel. The total
number of channels in a cell is ‘C’ divided into five regions;
T1 is the boundary between new video calls (Ayig) and new
data calls (Ag), T2 is the boundary between new data calls
(Ang) and new voice calls (A,), T3 is the boundary between
new voice calls (A,,) and handoff data and handoff video calls
(Angt Anvig), and T4 is the boundary between handoff data and
handoff video calls (Ang+ Anvig) and handoff voice calls
(Anv)-The reason for this particular arrangement is that it gives
handoff calls a distinct priority and advantage over new calls
on the number of channels it can occupy. Additionally, it is
assumed that users will be more engaged with a voice call
than a data call, and similarly more engaged with data call
than a video call.

The reservation thresholds are dynamically adjusted according
to the mobility of calls. There is a queue (Q) with capacity K
for handoff data and handoff video calls (Ang+ Anvig), and no
similar queue for new voice calls, new video calls, new data
calls, and handoff voice calls. This approach satisfies the HQS
where the queue system is more supportive for non real-time
traffic of which delays cannot be tolerated [11].
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Fig 1: System Model
2.1 Video Call Control

New video calls arriving at the BS are accepted if the total
number of occupied channels is less than T1, else they will be
accepted as much as much as the acceptance probability o;
given by equation (1) [9] if the total number of occupied
channels is less than T2; otherwise they are blocked.

o, =

1
T2—i 2n(i-T1]2 .
(max (0,a ]+ (1= @) [cos T2 ) T1<i<T2-1

T3—i
T3-T2

2n(i—T2)
4(T3-T2)

MAX(O,a[ ]+(1—a)[cos F) T2<i<T3-1

1
T4—i 2n(i-T3)]2 .
lMAX (0, @ [m5] + (1 = o) [cos o] ) T3<i<T4—1

)

o; is the probability a new call is accepted into the guard
channels reserved for handoff calls. This is determined by the
current number of occupied channels (i), the mobility of calls
(a), and the respectable boundaries between handoff calls and
new calls.

Arriving handoff video calls, on the other hand, are admitted
if the total number of busy channels is less than T4. If the
handoff call finds no available channel, it will be queued for a

maximum Tq (= Mi) which is the dwell time the mobile
Q

station (MS) is in the handoff area of which pg is the
departure (service rate) from the queue . If a channel becomes
available within T4 it will be assigned to a queued handoff
video call on the first come first served (FCFS) basis. A
handoff video call is dropped if it finds no available channel
and the queue is full. It is also dropped if the call leaves the
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queue before getting a channel known as forced termination.
Figure 2 demonstrates the video call admission control flow
diagram.
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Fig 2: Video Call Admission Control Flow

2.2 Data Call Control

New Data calls arriving at the BS are accepted if the total
number of occupied channels is less than T2 else they will be
accepted as much as og; if the total number of occupied
channels is less than T3; otherwise they are blocked. On the
other hand, arriving handoff data calls are admitted if the total
number of busy channels is less than T4 where the same
queue process that is applied to the handoff video call is also
applied to the handoff data call. Figure 3 shows the data call
admission control flow diagram.

2.3 Voice Call Control

A new voice call is accepted with probability one and
assigned a channel if on arrival less than T3 channels are
occupied; otherwise if all channels are occupied, it will enter
the region reserved for handoff data calls (T4-T3) with
probability ;. A new voice call will be blocked if it finds (C-

T4) channels occupied. Alternatively, when a handoff voice
call arrives it will be accepted and assigned a channel if it
finds a channel available; otherwise it will be dropped and
cleared out. Figure 4 shows the voice call admission control
flow diagram.

3. ANALYTICAL MODEL

The arriving calls at the BS are assumed to be generated
according to a Poisson distribution process with mean arrival
rates per cell Ayig(= Mvia+ Awid)s Ad(= Angt Ang), and Ay(= Anyt
Anv). The total mean arrival rate is defined as [13][14]:

Motar= Aviat Adt Ay 2

The channel holding time is approximated to have an
exponential distribution with mean Ty (= Hi) where py is the
H

departure rate from the system. The normalized offered load
of the system is defined as:
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Fig 3: Data Call Admission Control Flow
3.1 System State Probabilities
p= Asotal ®) The state of the system is defined by the two-tuple (i,j) where
Cuy i(i=0,1,2...,C) is the number of occupied channels and j

The mobility of calls («) is defined as the ratio of the mean
handoff arrival rate to the mean new arrival rate, and hence
the mobility of voice calls (a; ), the mobility of data calls
(a3), and the mobility of video calls (a3) are given as [11]:

=M

a = (4)
7"”17

a =2 ®)
And

@y = (6)
7‘/nmd

For simplicity, it is assumed that the mobility of all services
are equal (i.e. ¢; = @y = a3 = a). Consequently, from
equations (2) to (6), the mean arrival rates (Anyig » And> Avs Anvids
Ang> and Any) can be found given the normalized offered load
of the system and the mobility of calls.

(3=0,1,2..., K) is the number of handoff data calls waiting in
the queue (Q). Therefore the proposed scheme of the QDCRS
can be modelled by a two dimensional Markov Chain as
shown in Figure 5 and 6 where the balanced equations are the
following:

( Avia + 24 + AP0 = 1)) = ()P, j)
| (ci)\nvid + }‘hvid + }\d + )\V)P(l - 1r]) = I(HH)P(L])
(0iAng + Ang + Apvia +A)PA—1,5) = i(u)PG,j)
{ (Ohay + Ay + Ang + g PG = L)) = (PG (7)
(An)P( = 1,)) = i(u)P(, )
| (na + Anwia PG j = 1) = (g +jrg) PG J)
L na + Aia )PGi — 1) = (jrg)P@L )

The corresponding intervals for each balanced equation are
the following:
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T1+1<i<T2 j=0

T2+1<i<T3, j=0
{ T3+1<i<T4 j=0 (8)
| T4+1<i<C j=0

i=T4 1< j<K
T4+1<i<(C 1<j<K

[ 0<i< Tl j=0

The sum of all state probabilities must equal to 1 as equation
(9) shows:

SETPG,0) + B I PG = 1 9

Consequently, with equations (7) and (9) at intervals (8), the
steady state probabilities of the system are determined as the

following:

P@.))

@ A +A)
(}L"‘d.id“’)p(o'o)
i (ug)!
Nid A F AT TETR (0 Amia + Anvia + A + Ay
Avia d ) 7‘1(0 nvid hvid d )P(0,0)
i (py)’
Noid + Aq F A MITIEET2(01A0g + Mg + Apwig + A
(v1d d v) m H.n—l (01 nd hd hvid V)P(O,O)
i (g )*
Mig + A + A" mIm2 [, (0 + Ay + Anag + )\hvid)P(O 0)
i ()t ’
Mg +Aa + A tmim2m3h,, Y
Avia d ) m m MSAy P(0,0)
i (ug)!
And + Anvia )
fhd. hvid ) P(i,0)
IT= (i + nig)
And + Anwia
( hcj hvid ) P(i, 0)
Hn=1(an)
(10)
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4. EVALUATING QOS PERFORMANCE

OF THE QDCRS

In evaluating the QoS of the QDCRS proposed model, the
MATLAB software is utilised. The derived equations of (10)
are used to help compute the Pg, Pp, and U of the system. In
pursuing these computations, each individual performance
measure of a service is analyzed separately. The objective is
to attain a low dropping probability of handoff calls and a low
blocking probability of new calls while at the same time
achieve efficient system utilization without overload.

To begin, the blocking probability of new video calls (Py,;4 ),
defined as the sum of the steady state probabilities that
requests for new calls are not accepted between T1 and C, is
expressed as the following:

Povia =227, (1 = 6)P(i,0) + £27 (i, 0) + X7 P(i,0) +
=T4¢=0kP%;)  (11)

Similarly, the blocking probability for new data calls (P;) is
expressed as:

Pog=Yi27 (1 — 0)P (i, 0) + X4 P(i,0) + Xy, T P(i, )
(12)

Whereas the blocking probability for new voice calls (Py,) is
given as:

Py =X (1 = 0)P(i, 0) + Tq, T (i, ) (13)

The dropping probability for a handoff call (video and data
calls) (P;) on the other hand, is defined as the probability of
all K positions of the queue (Q) that are occupied (P';;) plus
the probability of handoff calls that cannot get channels while
waiting in Q, identified as the probability of handoff failure
(Prn). P'qn, Prr » and Py, are expressed as the following:
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P'an=Xi_r, P(i, K) (14)

_ 1 c SN L
Pfh—m i=T, f:lP(l;])*] * o (15)

Pyp=P'q + Py, (16)

The dropping probability of handoff voice calls (P,,), defined
as the probability that all channels are occupied, is determined
as:

Py =Y~ P(C.)) (A7)

The system utilisation (U), another performance merit, is
defined as the average fraction of active servers in the system
expressed as:

U=z (/51 P(i,0) + £Eg, o+ P(i, ) (18)

With expressions (11-18), the performance measures are
evaluated and what is sought is the average for each measure
to provide an overview of how the QDCRS performs. This
performance is compared with the FSS which utilises the
following steady state probability:

— Quia +Aq )

A= P(0) for 0<i<C (19)
(R

P

Where the blocking and dropping probability for all services
are:

Py, = Pd=ZiC=O P@) (20)
And the system utilisation is:

U=2(Eo i+ P(D) (1)

4.1 Simulating Results and Discussion
Table 1 provides the parameters that were used in the
MATLAB simulation to validate the analytical model

Table 1. Simulating Parameters

Mobility 0,04,08,1.2,1.6,2.0
Total # of Channels 100
Threshold Values (T1, T2,
T3, T4) 80, 85, 90, 95
Mean Channel Holding
Time (i) 100 sec
Mean Dwell Time (i) 5 sec
Queue Size 1
load (p) 0.95 Erlangs

The following are the obtained performance results using
equations (11-21). The interest was to view the results at the
point when all channels were full and to observe whether the
QoS was satisfied even at the period when the system was
completely occupied.

International Journal of Computer Applications (0975 — 8887)
Volume 180 — No.9, January 2018

Average Blocking Probability vs. Number
of Channels Occupied

1.20E+00

1.00E+00

=

£ [ ]

E s.00E01 mobility=0

£ l ” mobility=0.4

S, 6.00E01 B4

£ I ’ mobility=0.8

F »

= 400801 / mobility=1.2

ﬁ‘ 2.00E-01 mobility=1.6

£ _/ _

< 0.00E+00 ) mobility=2.0
85 so S5 100

8|
-2.00E-01

Number of Channels

Fig 7: Average Blocking Probability vs. Number of
Channels Occupied for DCRS with K=0 (No Queue)

Average Blocking Probabhility vs. Number
of Channels Occupied

1.00E+Q0
Z 8.00E0L
E mobility=0
] 6.00E-01
-4 mohbility=0.4
= f_/._
E 4.00E-01 —— mohility=0.5
S
2 / mability=1.2
5 2.00E-01 N ~
e mobility=1.6
: y/ .
< 0.00E+00 . . —— mohility=2.0

B 85 =l =R 100 105
-2.00E-01

Number of Channels

Fig 8: Average Blocking Probability vs. Number of
Channels Occupied for DCRS with K=1

Average Dropping Probabhility vs. Number
of Channels Busy

1.00E+00
£ B.00E-01
H
3 mability=0
e 500501 ]
& mehility=0.4
S
‘2 4.00e-01 mobility=0.8
&
& l mobility=1.2
g 2.00E-01
= J mobility=1.6
o
5 0.00E+00 mobility=2.0

& 85 90 95 100 103
-2.00E-01

Number of Channels

Fig 9: Average Dropping Probability vs. Number of
Channels Occupied for DCRS with K=0 (No Queue)

Average Dropping Probability vs. Number
of Channels Busy

1.00E+00

£ BO0EOL

F-] -

8 mobility=0
§.00E-01

& —— mobility=0.4

5

& 400801 —— mobility=0.8

E mobility=1.2
2.00E-01

Eh —— mobility=1.6

Vaa -
5 0.00E+00 =t 1 —— mobility=2.0

8| 85 =h) a5 100 105

-2.00E-01
Number of Channels

Fig 10: Average Dropping Probability vs. Number of
Channels Occupied for DCRS with K=1

24



Observing Figures 7 to 10, it can be seen that the DCRS with
a queue of size K=1 provided desirable results in terms of Pg
and Pp than the DCRS with no queue when approaching a
completely occupied system of the 100 allocated channels.
This proved the relevance of the Q inclusion into the DCRS
system model to improve performance. Furthermore, a Q with
an even bigger capacity K will attribute an even lower Pg and
Pp showing that the QDCRS gives room for an additional
performance improvement.

In terms of mobility and considering the definition as the
ratio of the mean handoff arrival rate to the mean new
arrival rate, it can be seen from the Figures that as mobility
increases, meaning the handoff arrival rate is greater than
the new arrival rate, Pg and Pp decreases. This is what is
desired and fulfills the objective in ensuring better handoff
call performance than new calls.

The performance of QoS for the QDCRS with capacity K=1
and mobility « = 2 was now compared with the conventional
FSS. The following are the results:

Average Blocking Probability when all
Channels are full

1 7 . ) 7
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Fig 11: Average Blocking Probability when all Channels
are full per scheme
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Fig 12: Average Dropping Probability when all Channels
are full per scheme

Again it can be seen from Figures 11 to 12, the QDCRS
performed much better than the FSS in terms of both Pg and
Pp attributing much lower probabilities even when all
channels are full. In terms of system utilization, as Figure 13
demonstrates, the QDCRS attributes better system utilization
when all channels are full compared to the FSS that seems to
be overworked when the system is fully in use. Clearly, the
benefits of an included Q system are apparent.
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Using Little’s Theorem formula, the average waiting time
(Tw) of a handoff call in Q can be determined by the
following equation:

- Lo
TW_(’»hd Fhhvid J(1=Pan) (22)

Where L, is the average queue length given as:
Lo =% 1) %0, P(i.J) (23)

With equations (22) and (23), it was computed that for K=1
and @ = 2, the average wait time for a handoff call in Q was
0.3us whereas for K=2 and a = 2, the average wait time in Q
was 0.02ns. From this, it was clear to see that as K grew
bigger in capacity T, decreased justifying that T, was
inversely proportional to K which is desired in the
performance operation of the QDCRS.

5. CONCLUSION

This paper aimed to present a system model that will
guarantee the QoS performance of a video, data, and voice
integrated wireless cellular network. It was discovered that
through the QDCRS model the desired QoS performance of a
low Pg for new calls, a low Py for handoff calls, and an
efficient U where the active servers are not overworked even
when all channels are occupied was achieved. Compared to
the FSS system and the DCRS, this study showed how
relevant the inclusion of a queue system was in ensuring
adequate QoS performance and most importantly establishing
better performance for handoff calls which is an ideal
operation objective for user satisfaction. Furthermore, with an
even bigger Q capacity, wait time for handoff calls can be
negligent reducing handoff call failure even more. From this
work it can be concluded that the QDCRS with the proposed
mobility scheme will ensure adequate QoS for a video, data,
and voice integrated cellular network and hence ensure better
handoff call performance for the system.
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