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Abstract—In this paper we describe an analytical approach to Il. SYSTEM MODEL

derive the average packet delay and packet loss probability in . PSR
a cell of a wireless network operating based on the GSM/GPRS . The system under consideration is a GSM/GPRS network,

standard. This analytical approach is based on the decomposition N Which the users move along an arbitrary t0p0|.09)MJte.”S
of system behavior to short-term and long-term behavior to sim- according to the routing probability;; (from cell ; to cell 5).
plify the analytical modeling. In addition to voice call handoffs, In each cellk with ¢, channelsd;, channels are reserved for
the impact of handoff and guard channels for data traffic is GPRS data traffic and the resi, — d channels, are shared

alsp taken into consideration |n_the analysis. The performan_ce by voice and data traffic. In the shared part, voice traffic has
estimates produced by the analytical approach are compared with

those generated by simulation experiments which confirms the Priority over data traffic and can preempt data traffic. Our
relative accuracy of the analytical approach. focus in this paper is on the performance of GPRS data traffic,

| INTRODUCTION hence handoff prioritization is not considered for voice calls.

: The assumptions and parameters involved in this model are

General Packet Radio Service (GPRS) [1] is a new beakghted below:

service designed as an extension to the GSM network, whichl) The new voice call and data packet arrivals into éell
greatly improves and simplifies the wireless access to packet” g.a poisson distributed with rated (k) and A (k).
data networks such as the Internet [2]. In this paper, Wesy The residence time of a mobile station in celis as-
develop an analytical approach to compute the packet delay * ¢ med to be exponentially distributed with mearis?
and loss probability of data service in a GSM/GPRS cellular and1/n¢ for voice and data, respectively. A queued data
network. packet is removed from the queue and is forwarded to

In a more general context, voice and data integration in  iha new cell, if the corresponding mobile station leaves
wireless networks has been recently investigated by wireless  a service area of the original cell before transmission.

research community. An integrated voice/data wireless system \ne assume that packet handoff can not happen during
with finite buffer for data traffic has been considered in [3], the actual packet transmission.

where the system is described by a two-dimensional Markovy The handoff call arrivals into celt are assumed to be
chain which can be only numerically solved. A similar system Poisson distributed with rates’ (k) and )\%(k,)'

baseq on the m.ova_ble boundary approach is investﬁgateq im) The transmission time of a GPRS packet in cell
[4] without considering handoff for data packets waiting in " s assumed to be exponentially distributed with mean
queue. Fluid ﬂo_w analysis has been applleq in [5] w_h|le or_1|y 1/u¢, where one channel serves the packet. Also, the
the effect o_f_v0|ce handoff has_been_taken into consideration. g holding time of a voice call is assumed to be
More specifically, [6] and [2] investigated a GPRS system exponentially distributed with meaty 2.

with voice handoffs only. A two-dimensional continues time 5y Themopbility factoris defined as the ratio of the handoff
Markov chain has been formulated in [6] to describe the * | ta 1o the service rate ieq? =

. . . >erbe. = ni/py and off =

system behavior. Queueing of voice calls has been investigated nd /.
in detai_l in [2] without considering the queueing of data traffic. 6) A finite buffer with capacityb, packets is provided in

In_th|s paper, we focus on the performance of GPRS dgta each cellk for GPRS packets only.
service with buffering and guard channels for data traffic while
we consider the effect of reneging data packets due to the cor- . ANALYSIS
responding user handoff. The salient feature of our approach isn GSM/GPRS systems the mean holding time of voice
that it considers the impacts of queueing, reneging and guaalls is much larger than the mean service time of data
channels on data service performance while provides produgackets, hence voice calls evolve slowly compare to the data
form solutions for major performance parameters. The restlmiffer dynamics. Therefore, the data queueing process exhibits
the paper is organized as follows. In section Il, we describe ttransient behavior immediately after any change in the number
system model and clarify our assumptions. System analysiofsactive voice calls, but will eventually settle into steady-state
presented in section Ill. Section IV presents some numeridahavior. We take the advantage of this quasi-stationary be-
results, and finally, section V concludes the paper (please refiavior of the data queueing process to approximately evaluate
to [7] for more details). the performance of data service in GPRS systems.



A. Long Term Behavior i. Therefore, the probability thad; does not hand off into

Let p, denote the steady-state probability vector of th@nother cell before it is being transmitted}, is given by
Markov chain describes the number of active voice calls in 5 (m)

Il k. Usi I [ it i i h r(W; < k
cell k. Using balance equations, it is obtained that B = R) = | | 5m 1 6’"(z 1)

Pi(i) = 5 (W) pr(0), 1<i<cr—dr (1) whereR is a random varlable representing the cell residency
' i+ time of a typical packet. Notice that, = 1 for i < m. If
Whefepk(o) can be found using the normalizing condition; < 1, packet delay is zero, hence, for the rest of derivation,
S, % pi(i) = 1. Consequently, the call blocking probabilwe consider only the case of> m to simplify the equations.
ity of voice calls is given byBy, = py.(cx —dy). Letw,, denote  Packetd; must wait for(i —m+1) departures before getting
the steady-state probability vector of the number of channelgrvice. Among thesé — m + 1) packets, the first one will
that are available for GPRS data service in églthen leave the cell at time + ¢;, the second at time+ ¢; + ;_1,
_ _ and finally, the(i — m + 1)th at time¢ + ¢; + -+ + t.
mi(m) = prler = d), m=didi+ 10 (2) Hence, the delay af; is T; = Z;:m t;, where the probability
B. Short Term Behavior distribution of¢; is given by
Assume that the number of channels serving GPRS packets F(r)=1- O (6)

in a cell k is fixed and equal ton with probability 7y (m)
given by (2). Lets; denote the state of the cell wheiéd < Consequently, we have

(®)

i < m + by) indicates the number of GPRS packets in the E[T; andW; < R
cell which are being served or waiting in the queue. Also, let E[W;] = E[T;|W; < R] = [Pr(W 5 R_) ] 7
d7*(4) denote the transition rate from staég to states;_;,
ie. Using (6), it is obtained thaE[t;] = 1/6}"(j ) therefore,
g, 0<i1<m < )
g 3 E[T, andW; < R] = 8
o= {muﬁ(mi)m‘i, m <i<m+ by @) | ] 6’”z+1 5m ®
Using balance equations, the steady-state probability vec§5bstltutlng 8) in (7) gives[W;] = Zj _1/8(5). Finally,
q;" is given by the steady-state average packet delaj’;"] is expressed as
. i )\d (k) + )\i(/ﬂ) . m—+br—1 i
e (3) = e I [ 1<i< b m o 1
qy' (i) E ( 57 () )Qk (0), 1<i<m+by E[W] = Z q;.' (i) Z 57 0) (9)
(4) =m Jj=m

where ¢;(0) can be found using the normalizing condition We use the iterative approach of [4] to find the voice call
Zm“’k q"(i) = 1. A packet is lost when the data buffer ishandoff rate)j (k) and data packet handoff rate/ (k) into
full upon its arrival. Therefore, the packet loss probabilit,, —cell k.

is simply given byL;" = gi*(m + by). D. Approximate System Behavior

C. Average Packet Delay The approximate system behavior is obtained by aggregat-
Define the packet delay as the time between the acceptaiid the short term behaviors with respect to the long term

of a packet in a cell and the time its service starts. gt behavior. LetE[IW;] and L, denote the average packet delay
denote the delay of an arriving packet in steady-state whed loss probability in celk, then

m channels are serving GPRS packets. Assume that a data cr

packetd; arrives to cellk when the cell is in state;. If 0 < EW] = Z m(m)E[W;"] (20)
i < m + by then packetl; is accepted and the cell state will m=dy,

change intos; ;. If i« < m thend; will be immediately served Ck

otherwise it must wait in the queue f¢f — m + 1) packet L= )Y w(m)L} (11)
departures (either transmission or handoff). Uétdenote the m=dy

delay ofd; under the condition thaf; will not handoff prlor WhereLm and E[Wk } are Computed as described before.
to its service commences.

Suppose we temporarily view the cell as consistingi of IV. NUMERICAL RESULTS
packets (which are ahead @f). Then the time required for the An event-driven simulation was developed to verify the
packet population to decrease frgnto j — 1 is exponentially accuracy of the analysis. The simulation considered a two-
distributed with rate paramete¥(;j). The probability that dimensional GSM/GPRS network, in which the coverage area
the arriving packet does not hand off into another cell duririg partitioned into seven cells. Opposite sides wrap-around to
the interval of time required to drive the packet populatioaliminate the finite size effect. We assumed that the mobile
from j to j — 1 is given byd;"(4)/07* (7 + 1) for m < j < users move along the cell areas according to a uniform
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Fig. 1. Mobility effect: packet loss. Fig. 3. Guard channels effect: packet loss.
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Fig. 2. Mobility effect: packet delay. Fig. 4. Guard channels effect: packet delay.

routing matrix, in which all cells are equally chosen fowvireless resources while providing an acceptable data service
handoff, although the simulation can accommodate genef@l delay-tolerant applications.
cases. Besides, for ease of illustrating the results, we assumed V. CONCLUSION

that for any cellk
y In this paper, we analyzed the performance of GPRS data

AR A R PY service with buffering and guard channels for data traffic while
Ty o M ud T g (12) we considered the effect of reneging data packets due to the
corresponding user handoff. Through analysis and simulation
we showed that the impact of handoff on GPRS performance
We assume that there is one frequency carrier (or sevgnnot negligible in contrast to what is typically assumed in
channels) per cell, i.ec,= 7. Furthermore, in all the cases thaljterature. As the future work, we are investigating the packet
have been simulated,, = 3, 1/, = 180s and g/, = 10%.  delay distribution which is of more interest to network control
This set of parameters assures an acceptable level of eali management.
blocking for voice calls & 5%).

The first set of simulations depicted in Figs. 1 and 2,
represents the GPRS performance for different mobility factdng 3GPP TS 23.140, “General packet radio service (GPRS); service descrip-

v

v d
c=ck, d=di, b=by, a,=a, oaq=aqaj.
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