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Performance Comparisons of Dynamic Resource
Allocation With/Without Channel De-Allocation
In GSM/GPRS Networks
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Abstract—In this letter, we analyzed and compared the per- derstand the impact of channel de-allocation on the performance

formance of dynamic resource allocation with/without channel of integrated voice/data service in GSM/GPRS networks.
de-allocation in GSM/GPRS networks. It is quite known that

dynamic resource allocation allows communication systems to

utilize their resources more efficiently than the traditional fixed 1. DYNAMIC RESOURCEALLOCATION

allocation schemes. In GPRS, multiple channels may be allocated

to a user to increase the transmission rate. In the case when there  For a data request af/ channels, the network allocates at

are no free channels in the system, some of these channels maynostM channels to the request. Assume thereMravailable
be de-allocated to serve higher priority calls. The results show channels in the system upon a data request arrival. ¥ M,

that with channel de-allocation mechanism, the voice blocking
probability can be greatly reduced, especially at high GPRS traffic M channels are allocated to the request K& N' < M, N

load. Besides, the scheme with channel de-allocation mechanismchannels are allocated to the requestVif= 0, the request is
can achieve higher channel utilization. blocked. Throughout the paper, “slot” and “channel” are used

Index Terms—Channel de-allocation, dynamic resource alloca- to havg thg same meaning. .
tion, GPRS. To simplify the analysis, we will consider the case wilén=
2. A packet request will be allocated with two channels if there
are at least two unused channels upon arrival, otherwise, it will
be allocated with one channel for transmission. If no channel

ENERAL Packet Radio Service (GPRS) [1] provide& available, the request will be blocked. When there are no

packet-switched data transfer to efficiently utilize thé&ee channels upon a voice arrival, one slot of an existing 2-slot
radio resources. Besides, it allows a single mobile statié?PRS packet is de-allocated for the voice call, and the de-al-
to transmit data using multiple time slots (one to eight tim@cated packet continues its transmission with one slot. When
slots per time-division multiple access (TDMA) frame) tghere are neither free channels nor 2-slot packets in service, the
increase the data transmission rate. Therefore, GPRS has b&ige call request will be blocked.
considered to be the main development step of GSM networks
toward the next generation mobile communication system like
UMTS [2].

Ni and Haggman showed that employing the multi-slot ser- To investigate the performance of the scheme with and
vice in GPRS will result in higher blocking probability angwithout channel de-allocation, further assumptions are made.
longer delay than using the single-slot service, and these &fie arrivals of voice call requests form a Poisson process
fects can be alleviated by implementing the resource allocatiyffh @ mean rate ofp,. The service time of voice calls is
scheme with flexible, or dynamic, multi-slot service [3]. assumed to be exponentially distributed with a meai/qf, .

We investigated, via simulation, the performance of dynamid'€ arrival process of GPRS packets is assumed to be Poisson
resource allocation with channel de-allocation mechanism iY4th @ mean rate ok,. The service time of each GPRS packet
previous work [4]. In this letter, we will focus on the analysidS €xponentially distributed with a mean @f 4. The total
and comparison of the performance of the dynamic resource mber of channels in the systemds Let the statei( j, k)

location with/without channel de-allocation. Our goal is to urdenote that there arevoice calls,j 1-slot GPRS packets, and
k 2-slot GPRS packets in the systef,;;, denotes the state

probability of the system in state, §, k).
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Fig. 1. The state transition diagram of an example with= 4, without

de-allocation.
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Fig. 2. The state transition diagram of an example with = 4, with
de-allocation.

shows an example of the state transition diagram assufieg both voice callspP,;, and GPRS packet$,;, can be expressed
4. Let S be the set of feasible states in the case that de-allocatam

is not employed

S={(i,j.k)|0<i+j+2k<C,0<i<C,
0<j<Cando<Fk<|C/2]}.

1)

To handle the infeasible states, an indicator funcion j, k)

is used to indicate whether the statej(k) is feasible or not,
i.e., (i, j, k) = 1if (¢,4,k) € S. Forall(i,j,k) € S, the

balance equations can be expressed as

Pijr(Aop(i + 1,5, k) + 610ap(i, 5 + 1, k)

=X L1 k(i —1,5,k) + 03XaPi j 1 ki, 5 — 1, k)

+ 64XaP; jr—190(%, 5,k — 1)

+ (i + Vo Pigr jrp(i + 1,5, k)
+( + DpaPijr1e0(i, § + 1, k)
+2(k + D)paPi j k1004, 5,k + 1),

where

s 1 ifitj+2k=C—1
170, otherwise

s L fi+j+2k<C-2
2710, otherwise

o _f1 it 4%k=0-1
3700, otherwise

s {1 fidj+2k-1)<C-2
*7 0, otherwise.

Applying the constrainty ¢ P;;. = 1 to the set of balance

)

®3)
(4)
(®)
(6)

equations, we can obtain the steady-state probalflity to
evaluate the performance metrics. The blocking probability afilization, U, are the same as (7)—(9).

Py =Py = Z Piji. (7)
i+j2k=C

The mean transmission time of GPRS packBfs,is

1
W= S (j+k)- Py 8
/\d(l_Pgb) ( (-7 ) jk ( )
i,J,k)ES

The channel utilizationl/, can be expressed as

( > (i+j+2k)-PZ-jk>
U= .

(i,5,k)€S

= ©

B. With Channel De-Allocation

Channel de-allocation is applied upon voice arrivals, i.e.,
when there are no free channels, one slot of an existing 2-slot
GPRS packet is de-allocated for a voice arrival. When there are
no free channels and no 2-slot packets in service, the voice call
request will be blocked. GPRS packet requests will be blocked
when there are no free channels upon arrivals.

Fig. 2 shows an example of the state transition diagram as-
sumingC = 4. The dash line in the figure represents the state
transition caused by de-allocating a 2-slot packet upon a voice
arrival. Applying the similar approach described in the previous
subsection, the steady-state probabilty, can be obtained to
evaluate the performance metrics. The blocking probability of
voice calls,P,;, can be expressed as

P,y = Z Pijo. (10)

i+j=C

The expressions of blocking probability of GPRS packets,
Py, mean transmission time of GPRS packéts,and channel
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Fig. 3. Performance comparisons. (a) Voice blocking probability. (b) GPRS blocking probability. (c) Mean transmission time. (d) Channehutilizati
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IV. NUMERICAL RESULTS packets to have less chance obtaining services, thus resulting in

For the performance evaluation and comparison of ﬂlgégher blocking probability as can be seen in Fig. 3(b).

scheme with and without channel de-allocation, the total
number of channels is set to be 32. The mean arrival rate of V. CONCLUSIONS
voice calls is taken to be 0.122 45 calls/s, and the mean servicgsprs allows a single mobile station to transmit data using

time of voice calls is 180 s. The voice traffic load is chosen tytiple time slots to increase the transmission rate. It has been
be 22.04 Erlang corresponding to 1% blocking probability fofemonstrated that using dynamic scheme efficient and flexible
32 channels. The mean arrival rate of GPRS packets is a sysigffization of the available spectrum for packet data can be ob-
parameter and is chosen to be in the range of 0.5 to 7 packelg{ged. In this letter, we analyze and compare the performance of
The mean service time of GPRS packets is taken to be 2 gj{inamic resource allocation with/without channel de-allocation
one channel is allocated. . in GSM/GPRS networks. The results show that with channel
Fig. 3 shows the performance comparisons of the schegig yjiocation mechanism, the voice blocking probability can be
with and without channel de-allocation. As can be seen fyaqtly reduced, especially at high GPRS traffic load, to an ex-
Fig. 3(a) that although the voice blocking probability of bothent of nearly 90%. Besides, higher channel utilization can be
schemes increase with increasing GPRS traffic load, the schegpfieved at the expense of increased GPRS blocking probability
with de-allocation gives lower blocking probability, especiallyng jonger packet transmission time. However, the increment in

at high GPRS traffic load. For example, the improvement is, ket transmission time is less than 7% at high GPRS traffic
nearly 90% at GPRS arrival rate being 7 packets/s. The reaggry.

is that as the GPRS load increases, there will be more packets
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