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Abstract. Efficient channel allocation is important for meeting the
quality of service (QoS) requirements of both GSM voice calls and GPRS
packets in integrated GSM/GPRS networks. In this paper, we propose a
new dynamic channel allocation scheme with guard channel, channel de-
allocation/re-allocation for voice call and packet queue for GSM/GPRS
networks. An analytic model with general GPRS channel requirement
is developed to evaluate the performance of the proposed scheme. Nu-
merical results demonstrate that the scheme can adapt to different QoS
requirements of the system by adjusting the number of guard channels
and the size of packet queue. Compared to some conventional schemes,
the proposed scheme achieves better performance of QoS provisioning.

1 Introduction

General Packet Radio Service (GPRS) utilizes the existing GSM network infras-
tructure to provide end-to-end packet-switched service [1]. To ensure the required
quality of service (QoS) of the voice and data in the integrated
GSM/GPRS networks, the channel allocation scheme has to optimally use the
scarce radio resource. Dynamic resource allocation is believed to be a judicious
solution for the problem.

Dynamic channel allocation in GSM/GPRS networks has received a consid-
erable attention in recent studies. For example, Lin et al. [2] investigated four
resource allocation algorithms, i.e., fix resource allocation (FRA), fix resource
allocation with queue capability (FRAQ), dynamic resource allocation (DRA)
and dynamic resource allocation with queue capability (DRAQ). In the dynamic
schemes, partial resources can be allocated to the GPRS packet request. This
kind of dynamic allocation can substantially reduce the GPRS dropping proba-
bility. It is also indicated that the voice queuing mechanism could significantly
lower the GSM voice call incompletion probability. In [3], Lin et al. studied the
buffering mechanisms for the dynamic resource allocation by employing both the
voice queue and the packet queue. The results have demonstrated that packet
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queuing greatly reduces the GPRS packet dropping probability while the per-
formance of the voice call slightly degrades. Chen et al. [4] proposed a channel
de-allocation scheme (DAS) which decreases the GSM voice call incompletion
probability by de-allocating a channel from on-going GPRS packet to new ar-
rived GSM voice call if there is no free channel in the system. In [5], the authors
employed both DAS and packet queue. It was shown that although the packet
buffering mechanism can lessen the packet dropping probability, it increases the
voice call incompletion probability even with the DAS in use. Recently, Zhang
and Soong [6] introduced a channel re-allocation scheme (RAS) that re-allocates
released idling channels to the GPRS data using partial resources. Results con-
firm that RAS sharply decreases the GSM voice call incompletion probability at
the expense of the slight increment of the GPRS packet dropping probability.

In all the above studies, the new and handoff GSM voice calls are not differ-
entiated. However, in the real systems, handoff calls always have a higher priority
than new voice calls. This is because termination of a former is more noticeable,
hence more annoying for users than blocking of a new call. In this paper, we
enforce the priority of handoff voice calls, and propose a dynamic channel allo-
cation scheme with guard channel, channel de-allocation/re-allocation for voice
call and packet queue. In the proposed scheme, the guard channel is for lowering
the dropping probability of handoff calls. Channel de-allocation/re-allocation for
voice call lessens both the new and handoff voice call blocking probabilities and
the packet queuing is used for reducing the packet dropping probability. By dy-
namically adjusting the guard channel capacity and the packet queue size, the
scheme can adapt to the QoS requirements of the system on the new/hadnoff
voice call blocking probability and GPRS packet dropping probability.

To study the system performance under the proposed dynamic channel al-
location scheme, we derive an analytic model. In contrast with the models in
[2][3][4][5] that have adopted a specific maximum numbers of channels for GPRS
packet for the sake of analytical simplicity, we derive a model with generalized
GPRS channel requirement based on the one presented in [6]. That offers more
versatility to the performance analysis.

The rest of this paper is organized as follows. In the next section, we introduce
the QoS-based dynamic channel allocation scheme with guard channel, channel
de-allocation/re-allocation for voice call and packet queue. The analytical model
for evaluating the performance of the proposed scheme is developed in Section
3. Numerical results are presented and discussed in Section 4, and followed are
the conclusions drawn in Section 5.

2 QoS-Based Dynamic Resource Allocation Scheme

We consider the GSM/GPRS network is homogeneous such that we only need to
analyze one cell case. Assume the base station (BS) of each cell has C channels
shared by GSM voice calls and GPRS data packets. The maximum number of
channels for data packet transmission is M . A type-m GPRS call is the GPRS
packet transmitted using m(m = 1, ...,M) channels. Assume the number of free
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channels in the system is CF which equals to C−nvn−nvh−
∑M

m=1 mngm
, where

nvn is the number of new voice calls in service, nvh is the number of handoff
voice calls, ngm

is the number of type-m ongoing GPRS packet transmissions.
The proposed scheme reserves g channels as guard channels only for serving
handoff GSM voice calls. The remaining (C − g) channels are shared by both
new/handoff GSM voice calls and GPRS calls. The size of the packet queue is B,
and the number of GPRS calls buffered in the packet queue is denoted as nPQ.

The state of the system changes according to the arrival and the completion
of new/handoff GSM voice call and GPRS call. For the new GSM voice call
arrival, the call will be served if CF > g. The handoff voice call will be served if
CF > 0. Upon arrival of GPRS packet, M channels are allocated if CF ≥ M+g. If
g < CF < M+g, (CF −g) channels are allocated to the GPRS call. If CF ≤ g and
the number of buffered GPRS calls is less than B, the GPRS call will be buffered
in the packet queue. Otherwise, the GPRS packet is dropped. For a new arrived
voice call, if CF ≤ g, channel de-allocation allows one channel from an ongoing
type-m (m > 1) GPRS call (or degradable GPRS call) to service the arrived
voice call. If no degradable GPRS call exists, the arrived new voice call will be
blocked. For handoff voice call, if CF = 0, channel de-allocation will be applied to
service the call if there exists a degradable GPRS call in the system. Otherwise,
the handoff voice call will be forced to terminate. Note that the channel is de-
allocated from the GPRS call with the highest number of channels, e.g. a type-m
GPRS call can be degraded if there is no type-q (q = m+1, ...,M −1,M) GPRS
call in the BS. Upon the channel release due to the GSM voice call termination
or handoff or completion of the GPRS packet transmission, if there are degraded
GPRS calls in the system and no GPRS call buffered in the packet queue, the
released channels will be re-allocated to upgrade the transmission of these calls.
The re-allocation is performed using ”worst degraded first upgrading” policy [6].
That is, a type-m GPRS call can be upgraded if all type-q (q = 1, 2, ...,m − 1)
GPRS calls have been upgraded to type-M . If there are GPRS calls buffered in
the packet queue, the released channels are used to service the buffered GPRS
call instead of re-allocating for degraded on-going GPRS calls.

To demonstrate the performance of the proposed scheme, we compare it with
three other dynamic resource allocation schemes described below.

(1) Scheme 1 (referred as DRA1) is the same as the DRA proposed in [2];
(2) Scheme 2 (referred as DRA2) is the same as the scheme with channel de-
allocation/re-allocation for voice call in [6];
(3) Scheme 3 (referred as DRA3) is similar to the proposed scheme except the
channel de-allocation/re-allocation for voice call is not applied.

3 Analytic Model

For the purpose of performance analysis of the proposed dynamic channel alloca-
tion scheme, we develop an analytic model. We assume that the new GSM voice
call, the handoff GSM voice call and the GPRS packet all follow the Poisson
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process with arrival rate λvn, λvh and λg, respectively. The voice call holding
time and the cell residence time are assumed to be exponentially distributed with
means 1/µch, 1/µcr, respectively. Then the channel holding time for voice call
is exponentially distributed with rate µv = µch +µcr. If one channel is allocated
to a GPRS packet, the packet transmission is assumed to follow the exponential
distribution with mean 1/µg. Thus the mean packet transmission time is also
exponentially distributed with mean 1/mµg when m channels are allocated. The
handoff of the GPRS packet transmission is not considered, because the trans-
mission time of individual packet is negligible, and transmission is completed
before the handoff procedure starts [3].

The dynamic resource allocation scheme is modeled as a (M + 3)-dimension
Markov process. A state in this process is denoted as s = (nvn, nvh, ng1 , ng2 , ...,
ngM−1 , ngM

, nPQ). The state space S of the Markov process is given by

S =
(
s = (nvn, nvh, ng1 , ng2 , ..., ngM−1 , ngM

, nPQ) |
0 ≤ nvn + nvh +

∑M
k=1 kngk

≤ C − g, 0 ≤ nvn ≤ C − g,

0 ≤ nvh ≤ C − g, 0 ≤ ngk
≤ �C−g

k �(k = 1, 2, ...,M), nPQ = 0
)

⋃ (
s = (nvn, nvh, ng1 , ng2 , ..., ngM−1 , ngM

, nPQ) |
0 ≤ nvn +

∑M
k=1 kngk

≤ C − g, C − g < nvn + nvh +
∑M

k=1 kngk
≤ C,

0 ≤ nvn ≤ C − g, 0 ≤ nvh ≤ C, 0 ≤ ngk
≤ �C

k �(k = 1, 2, ...,M), nPQ ≥ 0
)

(1)

Denote the steady state probability for state s as πs. For all states s ∈ S ,∑
s∈S πs = 1. To find the steady state probability matrix Π, we need to obtain

the generator matrix Q = [qs→s′ ]s∈S,s′∈S, where qs→s′ (s ∈ S, s′ ∈ S) is the
transition rate from state s = (nvn, nvh, ng1 , ng2 , ..., ngM−1 , ngM

, nPQ) to state
s′ = (n

′
vn, n

′
vh, n

′
g1

, n
′
g2

, ..., n
′
gM−1

, n
′
gM

, n
′
PQ).

Given below are some definitions for deriving the generator matrix Q.

– IA: The indicator function which equals to 1 (0) when the event A is true
(false).

– ngα
: The first non-zero value in the sequence (ngM

, ngM−1, ..., ng2), where
α = max(m | ngm

> 0,m = M,M − 1, ..., 2). For (ngM
, ngM−1, ..., ng2) ≡ 0,

α is set to -1. Thus if α ≥ 2, there exists a degradable GPRS call.
– ngβ

: The first non-zero value in the sequence (ng1 , ng1 , ..., ngM−1), where
β = min(k | ngk

> 0, k = 1, 2, ...,M − 1). For (ng1 , ng2 , ..., ngM−1) ≡ 0, β is
set to -1. Thus if β ≥ 0, there exists a degraded GPRS call.

– M: The state space of the GPRS call type, M = (1, 2, ...,M − 1,M).

To obtain the transition rate qs→s′ , we consider two cases according to the
arrival and completion events of new/handoff GSM voice call and GPRS call.
Case 1: New/handoff GSM voice call and GPRS call arrival

The transitions from state s to all possible next state s′ for new/handoff
GSM voice call and GPRS call arrival are shown in Table 1, where the first
column shows the changes between s and s′ followed with the condition for the
transitions, transition rates and the event related to the transition.
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Case 2: New/handoff GSM voice call and GPRS call completion
Table 2 shows the state transitions under new/handoff GSM voice call and

GPRS call completion. Here we discuss in detail the case of type-m GPRS call
completion and nPQ = 0 that channel re-allocation can be used by allocating
the released m channels to upgrade degraded GPRS calls in the system. In
this case, upon the type-m GPRS call completion, the new state becomes s1

= (n∗
vn, n∗

vh, n∗
g1

, ..., n∗
gm

, ..., n∗
gM

, n∗
PQ), where n∗

vn = nnv, n∗
vh = nvh, n∗

gm
=

ngm
− 1, n∗

gk
= ngk

(k ∈ M− {m}), n∗
PQ = nPQ. An index θ (1 ≤ θ ≤ M − 1) is

introduced such that

θ−1∑

k=1

n∗
gk

(M − k) ≤ m ≤
θ∑

k=1

n∗
gk

(M − k) . (2)

Inequality (2) implies that when a type-m GPRS call leaves the BS, all the
type-1 to type-(θ − 1) GPRS calls and some of the type-θ GPRS calls can be
upgraded to type-M GPRS calls. Denote

δ = �m − ∑θ−1
k=1 n∗

gk
(M − k)

M − θ
�

as the number of type-θ calls that can be upgraded to type-M calls. δr = δ −
δ(M − θ) is the number of channels that can upgrade a type-θ call to type-
(θ + δr). If

∑M−1
k=1 n∗

gk
(M − k) ≤ m which means that all the type-1 to type-

(M − 1) calls can be upgraded to type-M calls, we set θ to M . If β = 0 which
means that there is no data call in the BS or all the data calls are type-M , we
set θ to -1.

The transition rate qs→s can be obtained as

qs→s = −
∑

s′ �=s,s∈S,s′∈S

qs→s′ (3)

Table 1. Transitions from s to s′ for new/handoff GSM voice call and GPRS call
arrival. A: New GSM voice call, B: Handoff GSM voice call, C: Type-m GPRS call.

Next state s′ Condition Rate Event

n
′
vn = nvn + 1 CF > g λvn A

n
′
vn = nvn + 1, n

′
gα−1 = ngα−1 + 1,

n
′
gα

= ngα − 1
CF ≤ g and α ≥ 2 λvn A

n
′
vh = nvh + 1 CF > 0 λvh B

n
′
vh = nvh + 1, n

′
gα−1 = ngα−1 + 1,

n
′
gα

= ngα − 1
CF = 0 and α ≥ 2 λvh B

n
′
gM

= ngM + 1 CF ≥ M + g λg C

n
′
gCF −g

= ngCF −g + 1 g < CF < M + g λg C

n
′
PQ = nPQ + 1 CF ≤ g, B > 0 and nPQ < B λg C
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Table 2. Transitions from s to s′ for new/handoff GSM voice call and GPRS call
completion. D: New GSM voice call, E: Handoff GSM voice call, F: Type-m GPRS call.

Next state s′ Condition Rate Event

n
′
vn = nvn − 1, n

′
g1 = ng1 + 1,

n
′
PQ = nPQ − 1

nPQ > 0 nvnµv D

n
′
vn = nvn − 1, n

′
gβ

= ngβ − 1,

n
′
gβ+1 = ngβ+1 + 1

nPQ = 0 and β > 0 nvnµv D

n
′
vn = nvn − 1 nPQ = 0 and β = −1 nvnµv D

n
′
vh = nvh − 1, n

′
g1 = ng1 + 1,

n
′
PQ = nPQ − 1

CF ≥ g and nPQ > 0 nvhµv E

n
′
vh = nvh − 1, n

′
gβ

= ngβ − 1,

n
′
gβ+1 = ngβ+1 + 1

CF ≥ g, nPQ = 0 and β > 0 nvhµv E

n
′
vh = nvh − 1 CF ≥ g, nPQ = 0 and β = −1 nvhµv E

n
′
vh = nvh − 1 CF < g nvhµv E

n
′
PQ = nPQ − 1 nPQ > 0 ngmmµg F

n
′
gm

= ngm − 1 nPQ = 0 and θ = −1 ngmmµg F

n
′
gk

= 0(k = 1, 2, ..., θ − 1),

n
′
gθ

= ngθ − δ − 1,

n
′
gθ+δr

= ngθ+δr
+ 1,

n
′
gM

= ngM +
∑θ−1

k=1 ngk + δ

nPQ = 0 and 1 ≤ θ ≤ M − 1 ngmmµg F

n
′
gk

= 0(k ∈ M − {M}),
n

′
gM

=
∑M

k=1 ngk − 1
nPQ = 0 and θ = M ngmmµg F

From Table 1 and 2 and Eq. (3), we can derive the generator matrix Q for the
(M +3)-dimension Markov chain. To obtain the steady-state probability matrix
Π, we need to solve the linear equation Πe = 1 and ΠQ = 0, where e is a unary
column vector. This is done using a numerical method introduced in [7].

Knowing the steady-state probability πs of the Markov chain, we can calcu-
late the handoff GSM voice call arrival rate as

λvh =
∑

s∈S

(nvn + nvh)πsµcr (4)

Since the steady-state probability πs and the handoff call arrival rate λvh are
mutually related, an iterative algorithm is applied to compute πs and λvh as
in [8].

To measure the performance of the proposed scheme, we use the following per-
formance metrics - new GSM voice call blocking probability Pvn, handoff GSM
voice call forced termination probability Pvh, GPRS packet dropping probability
Pg and channel utilization u.

The new GSM voice call will be blocked if the number of free channels CF ≤ g
and the GPRS calls in the BS are all type-1. Then, the new GSM voice call
blocking probability Pvn is represented as
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Pvn =
B∑

nP Q=0

∑

nvn+nvh+ng1≥C−g,

ngk
=0(k∈M−{1}),s∈S

πs (5)

The handoff GSM voice call will be forced to terminate if the number of free
channels CF = 0, and the GSM calls in the BS are all of type-1. The handoff
GSM voice call dropping probability Pvh is obtained as

Pvh =
B∑

nP Q=0

∑

nvn+nvh+ng1=C,

ngk
=0(k∈M−{1}),s∈S

πs (6)

The GPRS packet will be dropped if the number of free channels CF ≤ g
and the packet queue is full. The GPRS packet dropping probability Pg is then
represented as

Pg =
∑

nvn+nvh+ng1≥C−g,
nP Q=B,s∈S

πs (7)

The channel utilization u can be expressed as

u =

∑
s∈S

(
nvn + nvh +

∑M
k=1 kngk

)
πs

C
(8)

It should be noted that the above-mentioned performance metrics are in-
fluenced by the number of guard channels g and the packet queue size B. To
measure the QoS of the system, we use a system award Q which is expressed as

Q = α(1 − Pvn) + β(1 − Pvh) + γ(1 − Pg) (9)

where α, β and γ are weighting factors which indicate the contribution of Pvn,
Pvh and Pg to the system’s QoS, respectively. Notice that α + β + γ = 1. The
weighting factors are determined by the system’s overall revenue and service
objectives. A larger Q indicates higher performance of the scheme.

4 Numerical Results

Based on the derived analytic model, we can evaluate the performance of the
proposed dynamic resource allocation scheme. We normalize the parameters λvn,
λg, µcr and µg by µch as done in [2][3]. The number of channels C in the BS is
assumed to be 7.

Figures 1(a) through 1(d) compare the performance of the proposed scheme
with that of other three schemes under different GPRS traffic load ρg. The
parameters are set as M = 2, B = 4, g = 1, µch = 1/180, µcr = 0.2µch, µg =
100µch and ρv = 2. Fig. 1(a) shows that DRA1 and DRA2 without packet queue
capability have a higher Pg compared to that of DRA3 and the proposed scheme



292 J. Zheng and E. Regentova

1 2 3 4 5
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

P
g

ρ
g

(a)

1 2 3 4 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

P
v
n

ρ
g

(b)

1 2 3 4 5
0

0.01

0.02

0.03

0.04

0.05

P
v
h

ρ
g

(c)

1 2 3 4 5

0.3

0.4

0.5

0.6

0.7

0.8

u

ρ
g

(d)

DRA1

DRA2

DRA3

Proposed

DRA1

DRA2

DRA3

Proposed

DRA1

DRA2

DRA3

Proposed

DRA1

DRA2

DRA3

Proposed

Fig. 1. Performance comparison for different schemes. (a) Pg, (b) Pvn, (c) Pvh, (d) u.

with packet queue. DRA3 has lower Pg than that of the proposed scheme because
DRA3 does not use channel de-allocation/re-allocation for voice calls. From Fig.
1(b), we can see that Pvn is ranging from low to high for DRA2, the proposed
scheme, DRA1 and DRA3. By using channel de-allocation/re-allocation for voice
call, DRA2 and the proposed scheme achieves lower Pvn. Since the proposed
scheme employs the packet queue and guard channels that results in higher Pvn,
DRA2 outperforms the proposed scheme in terms of Pvn. DRA3 has the highest
Pvn because it uses the packet queue and guard channels without channel de-
allocation/re-allocation for voice call. Fig. 1(c) shows that Pvh ranging from low
to high are DRA2, the proposed scheme, DRA3 and DRA1. From Fig. 1(d),
one can observe that the proposed scheme achieves the best channel utilization.
Followed are DRA3, DRA2 and DRA1.

Figure 2(a) to 2(d) show the system award Q as a function of B and g for
different system QoS requirements. They correspond to four cases with varying
weight factors for the system award Q: (a) α = 0.8, β = 0.1 and γ = 0.1, (b)
α = 0.1, β = 0.8 and γ = 0.1, (c) α = 0.1, β = 0.1 and γ = 0.8 and (d) α =
0.4, β = 0.3 and γ = 0.3. Other parameters are set as M = 2, µch = 1/180,
λvn = 2µch, λg = 200µch, µcr = 0.4µch, µg = 100µch, 0 ≤ g ≤ 5, 0 ≤ B ≤ 6.
For Fig. 2(a), we can find g = 0 and B = 1 produce the best value of Q. This
is due to the fact that Pvn is the most important factor in the system award Q
(α = 0.8) and larger g and B will result in higher Pvn. In Fig. 2(b), the best Q is
achieved for g = 1 and B = 3. In this case, the system emphasizes Pvh (β = 0.8)
and one channel is reserved only for handoff voice calls. Fig. 2(c) shows the best
Q produced when g = 0, B = 6. In this case, the system prefers GPRS packet
to GSM voice call (γ = 0.8) and a larger packet queue size is used to reduce
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0.1, (b) α = 0.1, β = 0.8 and γ = 0.1, (c) α = 0.1, β = 0.1 and γ = 0.8 and (d) α =
0.4, β = 0.3 and γ = 0.3.

Pg. Finally, for the case shown in Fig. 2(d), the system has no preferences for
new/handoff GSM voice call or GPRS packet, we can find that the best Q is
achieved by g = 0, B = 4.

We then compare the system award Q of the four dynamic resource allocation
schemes as shown in Fig. 3 for the same four cases and parameters as for Fig 2.
Q values of DSA3 are obtained using the optimal combination of g and B.
The results demonstrate that the proposed scheme always outperforms other
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three reference schemes because it is furnished by the capability of adjusting
the number of guard channels g and packet queue size B to meet the system’s
QoS requirements.

5 Conclusion

In the integrated GSM/GPRS networks, the GSM voice and the GPRS packet
services use the same resources that makes the channel allocation a critical issue
for the QOS provisioning for both. In this paper, we have discussed a new dy-
namic channel allocation scheme with guard channel, channel de-allocation/re-
allocation for voice call and packet queuing. The developed analytical model
with generalized GPRS data channel requirement has allowed for evaluating the
performance of the proposed scheme. The numerical results indicate that by ad-
justing the number of guard channels and the size of the packet queue, one can
attain dynamical adaptation to different QoS requirements of the system.
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