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Mixed Media Cellular Systems

Fotini-Niovi Pavlidou, Member IEEE

Abstract— A voice/data cellular system is studied in this work.
Analytical methods are used based on generating functions
techniques. An extended simulation analysis it was also carried
out, defining the main performance parameters and their impact
on system behaviour. The limits of analytical siudy are
investigated and solutions through simulation methods are
proposed.

1. TrerroDUCTION

UTURE communication networks are expected to handle

a variety of data traffic types, including digital voice,
facsimile, video, file transfer and interactive information
services. These services will be offered not only by stationary
terminals but also by land mobile terminals which will be
totally integrated into the public comuprunications networks.

Cellular mobile networks have been studied extensively last
years. Frequency assignment techniques, channel access
models, transmission quality, standards for interfacing with
the wired network as well as traffic management are some of
the topics gained attention. Especially, referring to the last
topic, a mathematical model has been developed [1]-[3]
adequate for traffic analysis of mobile commmnications
systems. The important parameters of voice communication
systems, i.e. blocking probability of new calls, handoff
requircment probability, forced termination probability e.t.c,
have been stated as functions of the system state probabilities.
The cases of vehicular as well as portable terminals have becn
covered. But as far as we know there is no analysis for mixed
media cellular systems -voice, data, video- which will be
widely used in the near future.

In this work, we extend the mathematical model of [1] for
the purpose of studying a voice-data cellular system. In the
second section the mathematical model is presented and the
main performance parameters are ecvaluated. Simulation
analysis is carried out and results are presented in the third
section. Conclusion and suggestions for further analysis are
finally stated.

II. MATHEMATICAL MODEL

A. SYSTEM DESCRIPTION

Without loss of generality we concentrate on the study of a
highway cellular system, Fig. 1, where the base stations are
installed at the center of rectangular cells of length L.
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Frequencies in successive cells are different to each other so
we do not deal with interference effects. We assume iwo
streams -voice calls and data packets- of Poisson arrivals
originated at each cell with rates 1,, and 4,, and average
service durations 7/, and ]/,ap. The two processes being
independent, a cumulative service time can be defined by
the wellknown hyperexponential formula
T, =/p=1/p, +1/u, . Ateach cell we have also arrivals of
handoff calls and packets, assumed Poisson with rates- 1,
and A pH -

\

Fig. 1. Schematic diagram of a cellular highway system.

base station

The system rulc is described in Fig.2, where in each gell
there are (-Cj, channels available for new calls and packets,
C channels available for handoff calls and packets and an
infinite queue. If there is no free channel after a handoff
requirement a call is forced into termination while a packet is
placed in the queue in FIFO order. New packets that do not
succeed to get a channel in the cell of their arrival are blocked
and cleared from the system. Once they have got a channel
they remain in the system, possibly transferred from one
queue to another, till they finish their service.
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Fig. 2. Operation rule for a mixed cellular system.
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B. PrerrorMANCE PARAMETERS

In the following we define the main performance
parameters of the system which are: a)the blocking
probability P of new voice calls (the average fraction of new
calls that cannot find a channel and are cleared from the
system). b)the probability of forced termination 2, of handoff
voice calls (the average fraction of handoff attempts which
are unsuccessful). ¢)the delay probability P, of a handoff

packet, (the probability that a handoff packet will not get a

channel and remain in the queue all the time it is transferred
through a cell). d)the mean waiting time in the queue D, of
handoff packets and e)the queueing probability P, of a
handoff packet where Py denotes the probability that a
handoff packet enters the queue (but probably it will get a
channel anytime it is transferred through the cell).

Except from the unencumbered service time 7/ we need
also to define the random variable 7, being the channel
holding time of a new call or packet in the cell of its arrival
and the random variable 7} being the channel holding time of
a handoff call or packet in a cell after a successful handoff.

The channel assigned to a call or packet will be held until
either the service is completed in the cell of the assignment or
the vehicle moves out of the cell before service completion.
Since the distribution probabilities of channel holding times
of handoffs (7},)and new arrivals (7, ) are different from cach
other, the channel holding time of a new arrival 73, and the
channel holding time of a handoff arrival T, will be

Ty = min( T, T,)

¢y
Trp = min(T,,Ty)
Assuming independence of 7.7, and of 7,,7, the
distribution functions of 7, and T}, are given by
Fr,, (6) = Fr, () + Fr, (2)| 1 Fr, (1) @
Fr,, (&) = Fy (&) + P, (2)] 1= Fy ()] )

Then the distribution function of the total channel holding
time Ty in a cell is

FTH(t)=FT”(t)+

- \ (Anv“"lll}’)(l—PB)FTa(t)‘F
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(A + 2y )1 = Pg) # 2y (1~ Pp) + Ay (1 = PP,

)

i
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(t)) Fr (t)+y.Fr, (1)

1+, ©)

P (0)=Fr () +(1- 7
where y,_is the ratio of the average successful handoff attempt

rate to the average successful new arrival attempt rate, given
by

=lvﬂ(1‘Pﬂ;)+1pH(1‘PDf’q) ©
L P Ay )1~ Pg)

Now we assume that 7, and 7, are exponentially distributed
with means 7, =17/p, and 7T, =7/u4, With the above

assumption the distribution and density functions of Ty, are
given

“Hal H4E
Fr (z‘) :[1 __e—#f]+c~/lf ]_i___"L_}’C_e_____ 0
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The mean value of fr, (t) is equal to

Jj [ T } )
Iy |\ H+u, H+Hp

According to the previous description the state diagram of our
system is given in Fig.3 and the state probabilities are given
by:
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Then the blocking probability P of a new arrival either voice
or packet is

©
PB = Z Pj‘
J=C-C,

2)

the handoff voice failure probability Py, is
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Fig. 3. State transition diagram of a base station.

Pa= 2P
Jj=C

13)

and the packet handoff queueing probability is equal by
definition to Py,

Pq: ZPj (14
j=C

Once the state probabilities have been evaluated the mean
number of handoff packets in the queue is given by

Ny= YiRBE,

i=C+1

(15)

where P is the probability that an attempt entering the queue
in position s will reach the first position of the queue and P is
the probability to get a channel while in the first position.

CH,+2Ug

The probabilities Py and P are given in (34) and (35) of \\{2].
Thus we have

N, =Y P, Pli-1]i)P, =
i=1
i~k .

:iiP ﬁ 1-| —£2 (i)]{ Ho__ j(16)
Sl \Guso \2 Chugr +1g

We assume that the random variable W which denotes the
waiting time in the queue follows an exponential distribution
with mean 7/, given by Little's formula

App— =N, (17)

Now we define the random variable 7T, which denotes the
time duration which an arrival is allowed to reside in the cell.
This variable depends on system structure parameters such as
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the cell length and the vehicle speed. We assume that 77,
follows an exponential distribution with mean 7/,

Then the probability P, is the probability that the allowed
residing time in the cell is less than the necessary waiting
time W in the queue (to get service), that is

Pp = Prob{Tp, <W}= Of[]— Fy (8)]fr, (¢)dt =

_ J' e W £ (¢ ( ) HD
2]
0 W FHD
The handoff requirement probability for new arrivals 2y,
that is the probability that the unencumbered session duration
exceeds the residing time in the cell of the arrival is given as
follows

(18)

[1 Fr, t)}f (2)dt =

Py = Prob{T, > 7,} =

Q'*—-S

(19)

= Je"‘" (¢) =
0 H ""'uu
Similarly the handoff requirement probability for a handoff
arrival Py is equal to

Py = Prob{T# > T,,} = T[]—FT# (t)}fn (t)dt =

=Jetty (1) =
0 M +ﬂ]1

We also need to evaluate the number of times N that a

packet requires a handoff (or equally the number of cells it

crosses till the service completion). The packet will require

exactly N=k handoffs if all of the following events occur: a)it

is a nonblocked packet arrival b)it requires the kz4 handoff,

and c)it is completed before another handoff is needed. This
probability is

(20)

Prob{N =k} =——2__p,PX(1-Py;) (1)
np +ﬂ'nv #
The mean value of NV is found to be
= Z Aot Pl (1- py) =2 )

np '{11v+luu 1- PH

And ﬁnally the total mean queueing delay of a packet is
given by

]

D
7 Hp

N%I:L(J—PD)%i—PD} 23
w

I SnvuLATION ANALYSIS

A computer simulation program was developed in order to
verify the analytical results and study the behaviour of the
system and its sensitivity to parameters variability. A highway
of 25 cells was examined and the statistical results were
obtained from the central 10 cells. The system specification
was the following: 1) All cells were rectangulars with length
[=1000 m. 2) The velocity was taken to follow a truncated
normal distribution with a mean value v,=15m/sec, a
standard  deviation Sm/secc a maximum  speed

Upax= 20 m/sec and a minimum speed ;.= 10 m/sec. This
speed remains constant until the vehicle crosses the cell. 3)
The service time had an exponential distribution, its mean
value being variable. And 4) (=44 channels were available
for each cell with C,=10 channels for handoffs. All the
events were randomly gencrated by the appropriate
distribution functions. The location of the new arrivals in the
cell was generated randomly under a uniform distribution.

The simulation program was written in C and run on VAX
9000. Statistics were collected for 3 h of simulated system
after the system reached the steady state.
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Fig. 4. Probability of blocked calls. In all subsequent figures 7\ = new data
packet rate (packets/sec/cell).
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Fig. 5. Probability of blocked packets.
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Fig. 6. Probability of forced calls.

probability of finished calls
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Fig. 7. Probability of finished calls.
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Fig, 8. Probability of finished packets.
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Fig. 9. Mean queueing delay.

In the following we present some of the simulation results.
In Fig.4-Fig.9 the probabilities of blocked calls and packets,
forced calls, finished calls and packets and the mean
queueing delay of packets are presented as functions of new
call arrival rate in Non-Priority Scheme (NF, C,=0), and in
Handoff Priority (HF, C,>0) Scheme. The influence of packet
loading is clearly. shown as well ‘as the influence of the
priority given on handoff packets. In Fig.10 the comparative
performance of the main measures of the system is given, for
a better interpretation of the steady state operation. We notice
that, even under light data loading, congestion effects are
early noticed (4,,~0.6) A supplementary study was made
considering the effects of service time variations on system
performance. In Fig 11-Fig.12 we present these effects on the
mean packet queucing delay and on the probability for forced
call termination which are of main interest.
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Fig. 10. Comparative performance of the main measures.
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Fig. 11. Mean quening delay for different service times.
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Fig. 12. Probability of forced calls for different service times.

Simulation results are found to be very satisfactory and
helpful in optimising the system performance.

V. CoNcLUSIONS

A mixed media cellular system has been studied and
evaluated. The main performance parameters and their
influence to system behaviour were studied. The main result
of this study is that mixed media cellular systems are very
complex and hard to amalyze but the efforts are not trivial
since these systems will be widespread soon. Analytic study is
very hard to accomplish even for the simple case we have
described. The cases of preemptive priority of voice over data
as well as of "multilayer" cellular systems ( macrocells
covering microcells ) are very difficult to be analysed by this
model and two or three dimensional models are probably
more effective. Work on this direction is currently carried out.
Finally broadband services - video - must be by some means
incorporated in the traffic analysis.
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