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Abstract—In a multi-operator shared network, an appropriate
decision is needed for how much to share resources in order to
maintain user satisfaction, while maximizing cooperation benefits.
In this paper we investigate resource sharing in a three operators
sharing system. The study focuses on the value of the sharing
factor, which is the percentage of the operator resources dedicated
for guest users access. Simulation results showed that resource
reservation improves client satisfaction in terms of blocking rates,
and the value of the sharing factor affects the achieved profits of
the sharing operators. Besides, the best decision of the sharing
factor and the pricing scenario depends on the capacity of the
operator.

Index Terms—S5G; multi-operator wireless networks; resource
sharing; inter-operator service pricing; user satisfaction; opera-
tor profits.

I. INTRODUCTION

The fifth generation of mobile networks (5G), is expected
to provide a much greater capacity than the fourth generation
(4G), in order to meet the growing demand. The 5G network
will be able to provide very high data rates, with energy
efficiency [1], [2]. Different technologies will complement
each other to achieve the objectives of 5G [1], [3]. Moreover,
software solutions will be essential, in 5G, for a faster de-
ployment of new network features [4], [5]. Some regulators
as ARCEP finds that mobile network sharing agreements
can accelerate and reduce deployment costs [6]. The mobile
network sharing involves sharing between multiple operators
part or all of the equipment constituting their mobile networks.
In our model, we consider a multi-operator system, where
a mobile user can be served through the network of his
home operator, or it will be transferred and served through
the network of another operator. The latter will determine
the service cost, to be paid by the home operator of the
transferred user. In previous works [7], [8], [9], we proposed
an algorithm for the access selection decision, and we showed
its efficiency compared to other selection algorithms using
MADM (Multiple Attribute Decision Making) methods. The
previous study was made in a sharing system without making
any resource reservation and results showed that, with an open
access mode, the operator having the highest capacity was
penalized by serving a high number of guest users.

In this paper, we propose that cooperating operators will
share a limited amount of their resources. Our study focuses
on the sharing factor, which is the percentage of the operator
resources dedicated for guest users access. We investigate

different values of the sharing factor and we examine how
it affects user satisfaction and operators profits.

The remainder of the paper is organized as follows: section
2 presents some existing work related to network sharing
and inter-operator service pricing. Section 3 describes our
the system model. Simulation environment and results are
presented in section 4. Finally, conclusion is made in section
5.

II. BACKGROUND AND RELATED WORKS

In a multi-operator heterogeneous network, a new “flex
service” paradigm was introduced in [10]. It allows a mobile
user subscribed to “Flex service” to dynamically access base
stations (BSs) of different providers. Authors present two
modeling framework for the access at both microscopic and
macroscopic levels. At a microscopic level, a flex user accesses
dynamically base stations of different providers based on
various criteria, such as profile, network conditions and offered
prices. In our work, we envisage a similar multi-operator
environment, but mobile user does not need any previous
subscription and the access selection decision is controlled
by the home operator. In multi-operator network, the majority
of the works use game theory for the access selection and
joint inter-operator service pricing. In [11], authors consider
that part of the BS infrastructure may be switched off during
low traffic conditions, motivating MNOs to share the resources
of the remaining active BSs in the same cell. Another model
of base station sharing is presented in [12], where authors
used a game theoretic formulation to decide about turning on
or off each BS in order to maximize the global utility. In
a previous work [13], we proposed three pricing scenarios
for the inter-operator service cost, in a multi-operator en-
vironment. These scenarios were analyzed and compared to
different price sharing scenarios, and the results showed that
our pricing scenarios guarantee better profits for the operators
sharing high capacity and setting high service price. In [14],
we modeled the interaction between wireless operators, in
a multi-operator sharing network, as a multi-leader-follower
(Stackelberg) game. Cooperating service operators announce
their transaction cost in the first stage and the home operator
of the transferred user performs the selection decision in
the second stage. The game solution is found using Nash
equilibrium concept, and the best response is determine for
every pairs of leaders.



Figure 1: System Model

In this paper, we consider resource sharing using different
sharing factor, and we exploit the previously proposed pricing
scenarios in a three operators sharing system. We showed
the effect of the sharing factor and the pricing scenarios on
the user satisfaction and the achieved profits of the sharing
operators.

III. SYSTEM MODEL

We consider a system formed by three operators, Op;, Ops
and Ops, each managing a single radio access network fig.1.
We suppose that all operators in the system decide to share
a fixed percentage and without changing it during the hole
period of sharing. And, we use the values 1700, 11000 and
5500 kbps for the capacity of Op;, Opy and Ops, respectively.
We track the variation of the blocking rates, as well as the
achieved profits, for different values of the sharing factory,
considering the values v = 10, 20, 30 and 50%.

Besides, each operator sets a price p for its client, we
used the values 0.9, 0.1 and 0.2 units/kbytes for the prices of
Op1, Ops and Ops, respectively. In the case of transferring
a user, the price p is always paid to the home operator
and the latter will pay a service cost C's set by the new
service operator. The service cost C's is set according to the
adopted pricing scenario. We consider three pricing scenarios
previously proposed in [13]:

1) ACAG (As Client As Guest): each operator of the

sharing system sets its service cost C's equal to its price
p set for its own clients, such that C's; = p; for all
operator; 1 =1, 2 and 3.
2) MIWC (Max In When Cooperating): all operators set
identical C's equal to the highest price p in the system,
such that C's = max;(p;) ¢ = 1, 2and 3.
3) MCWC (Min Cost When Cooperating): all operators set
identical C's equal to the lowest price p in the system,
such that C's = min,;(p;) ¢ = 1, 2and 3.
Further, in order to transfer the user to the suitable operator,
we adopt our Nearest Performance and Best Profit Access
Selection algorithm NP-BPA [9], that ensures the mobile
user and its home operator satisfaction at the same time. It
uses a cost function that combines the offered QoS from the
radio access networks and the requirements of the mobile

user’s application, added to the resulting profit from the user
transfer. The cost function for the user transfer to operator ¢
is calculated as follows:

SNPZBPA WSy =8 54W |- Wop-(p—C's.) ey

. / . . .
where, S, is the user score and SiSAW is the i service
operator score (for more details readers are referred to [9]).

The selected operator is the one having the lowest S fv P=BPA

IV. SIMULATIONS AND RESULTS

We model the arrival and departure of users as a Poisson
Process with mean arrival interval 1/x sec. Once connected,
the user will stay in the system for a service time, assumed
to follow an exponential distribution of mean 1/.; we con-
sider a typical value of !/u = 4min . At the end of the
connection, the user will leave the system thus, improving the
available bandwidth of the serving operator. The simulation
is implemented in MATLAB and the results are given with
a confidence interval of 90%. We use the values 1/x =
2.7, 3,3.33,4,5, 7,9, 12, 24 sec for the mean inter-arrival
interval.

A. Blocking Rate Variation

In this subsection, we represent the variation of the blocking
rates with respect to the sharing factor and for each pricing sce-
nario. Figures 2, 3 and 4 show the blocking rates for Opy, Op2
and Ops, respectively. The open access case corresponds to the
value of v = 100%, high rates.

1) Op;’s blocking rates: Figures 2a, 2b and 2c show the
blocking rates for Op; when adopting ACAG, MIWC and
MCWC, respectively. It is clear that the blocking rates of Op;
decrease when the partners share more capacity, whatever is
the adopted pricing scenario. These rates achieve the lowest
values with v = 100% and are high with v = 10%, even at low
arrival rates. In fact, Op; has a limited capacity and transfer
clients with high rate. Consequently, when partners reduces
the amount of shared capacity it reduces the acceptance of
guest users, thus, the probability of blocking Op;’s clients
increases. Same results are detected when the operators change
the pricing scenario from ACAG to MIWC and MCWC.

2) Opy’s blocking rates: Figures 3a, 3b and 3c show the
blocking rates for Opy, when adopting ACAG, MIWC and
MCWC, respectively. For low arrival rates, below 0.2, the
blocking rates of Op, with different v and for all pricing
scenarios are null. These rates increase with the system arrival
rate, i.e. when the system becomes more loaded, and are higher
when Ops shares more capacity with partners. Ops serves
high numbers of guest users, thus, with small value of v
(v = 10%), the blocking rates are maintained below 2%, with
all pricing scenarios. Hence, reducing the amount of shared
capacity helps Ops to limit the guest flow and guarantee its
clients satisfaction.

3) Ops’s blocking rates: Figures 4a, 4b and 4c show the
blocking rates for Ops when adopting ACAG, MIWC and
MCWC, respectively. Results show the same as for Op; ; the
blocking rates decrease when the partners share more capacity,



whatever is the adopted pricing scenario. However, for Ops
these rates are null at low arrival rates.

We can conclude that the value of ~ affects the clients
satisfaction of all partners. Besides, the operator sharing large
capacity and serving a large number of guest users have
to reduce the sharing factor in order to guarantee better
performance in terms of blocking rates. However, this decision
may affect clients satisfaction of other partners having smaller
capacity.

B. Global Profits Variation

In this subsection, we represent the variation of the profits
with respect to the adopted pricing scenario and for the values
of v = 100, 50 and 10% . Figures 5, 6 and 7 show the achieved
profits for Opy, Op, and Ops, respectively.

1) Op;’s global profits: Figures 5c, 5b and 5a show the
achieved profits for Op; with v = 100, 50 and 10%, re-
spectively. First, notice that when partners reduce the amount
of shared resources, the achieved profits of Op; decrease.
This operator is sharing the lowest capacity, and its revenue
depends strongly on the payment of the transferred users.
Therefore, when the partners adopt a low sharing factor 7,
the user blockings of Op; increase, thus, reducing its profits
fig. Sc. Second, when the partners adopt ACAG and MCWC
the achieved profits of Op; are very closed since the majority
of the transferred users of Op; goes to Opy , which sets
the lowest service price. With MIWC, Op; pays all the
users’ payment for the transaction cost, and its profit remains
the same even when the sharing factor increases. For Opy,
sharing the lowest capacity, the open access mode, with a low
transaction cost pricing scenario guarantees the highest profits.

2) Opy’s global profits: Figures 6a, 6b and 6¢ show the
achieved profits for Opy with v = 100, 50 and 10% |,
respectively. This operator is sharing the highest capacity in
the system, and its profits improvement depends strongly on
the service cost gained from serving guest users. Therefore,
when it increases the sharing factor v, Opy serves more guest
users and the achieved profits increase. Moreover, MIWC
scenario guarantees the highest profits for Opy. And the profits
achieved with ACAG and MCWC are the same, since Op» sets
the lowest service price. For Ops, sharing the highest capacity,
the open access mode guarantees better profits, but with the
highest service cost pricing scenario .

3) Ops’s global profits: Figures 7a, 7b and 7c show the
achieved profits for Opsz with v = 100, 50 and 10% |,
respectively. This operator is sharing a medium capacity, it
serves guest users coming from Op; at low and medium
arrival rates, and transfers its clients to Ops, at high arrival
rates. Thus, the profit improvement of Ops depends on the
service cost gained from Op; and the income from transferred
users at high arrival rates. Therefore, when partners increase
the sharing factor v, Ops serves more guest users and its
able to transfer more clients, thus, achieving more profits.
Moreover, MIWC scenario guarantees the highest profits for
Ops especially at low and medium arrival rates, when it acts
as a service operator. But at high arrival rates MIWC induces
high service costs, which degrade its profits. This negative
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Figure 2: Opl’s blocking rates comparison with static sharing
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Figure 3: Op2’s Blocking Rates Comparison with static shar-
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profit variation decreases with the sharing factor where the
profits are smaller.

V. CONCLUSION

In this paper we investigated resource sharing in a multi-
operator wireless network. We considered a system of three
operators. These operators agree for a sharing factor, which is
the percentage of the resources shared with guest users, and
decide the inter-operator service pricing.

Simulation results showed that resource reservation im-
proves the client satisfaction in terms blocking rates, and
prevent overload situations for the operator sharing a high
capacity. In addition, higher profits are guaranteed when
operators share more capacity. An optimal decision is needed
for the sharing factor and the inter-operator service cost, in
order to maximize the users and operators satisfaction in the
same time. Future work will exploit game theory in order
to model the interaction between sharing operators in order
to determine the best sharing factor and service cost in the
sharing system.
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Figure 5: Opl1’s achieved profits with static sharing



x 10
.
7L
6F
sl
£
S 4t
o
[s\)
&
3l
ol
s
o i i i i i
0.05 0.1 0.15 0.2 0.25 0.3 0.35
Arrival rates
(a) Op2’s achieved profits with v = 100%
x10°
7L |
6F |
51 |
2
S 4r f
a
[s\)
& —&— ACAG
3t ]
—%=— MIWC
—&— MCWC
ol |
i}
1k |
o= i i i i i i
0.05 0.1 0.15 0.2 0.25 0.3 0.35
Arrival rates
(b) Op2’s achieved profits with v = 50%
x10°
71 |
6F .
—6&— ACAG
—=— MIWC
5r —8—MCWC| ]|
2
S 4t 1
o
o
&
3l |
2
b
1
)

0.05 0.1 0.15 0.2 0.25 0.3 0.35
Arrival rates

(c) Op2’s achieved profits with v = 10%

Figure 6: Effect of the sharing factor and pricing scenario on
the achieved profits of the partner sharing the highest capacity,
Op2

2
°
o
@
o
(]
ol i
0.05 0.1 0.15 0.2 0.25 0.3 0.35
Arrival rates
(a) Op3’s achieved profits with v = 100%
x10°
3 T T T T T T
2
°
o
(2]
Q
(]
ol i i i i i i
0.05 0.1 0.15 0.2 0.25 0.3 0.35
Arrival rates
(b) Op3’s achieved profits with v = 50%
x10°
3 T
—6— ACAG
—s— MIWC
250 | —8—MCWC 1
ol ]
2}
°
o
(2]
o
O

0.2 0.25 0.3 0.35
Arrival rates

0
0.05 0.1 0.15

(c) Op3’s achieved profits with v = 10%

Figure 7: Effect of the sharing factor and pricing scenario on
the achieved profits of Op3



