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Abstract: The contribution of this paper is a solution to the problem of allocating
terminals to the appropriate access network in locations where an operator owns
multiple access networks with overlapping coverage. This problem is destined to
arise since the 3GPP Evolved Packet Core (EPC) allows operators to efficiently man-
age multiple access networks under one core network. The underlying assumption
of this work is that user preferences, terminals, services and access networks are het-
erogeneous. While in state-of-the-art methods the network decides which terminal
goes to which access network, we propose that this decision is taken at the terminal.
The essence of our mechanism is that the network gives the terminals an incentive
to hand over from an access network if the operator wants them to do so. The net-
work offers the terminal a reward in form of loyalty program points, free minutes,
money, or something alike for a handover. The terminal then decides whether to
hand over based on the potential reward and other parameters. We further develop
a highly configurable framework which allows a vast amount of terminal allocation
methods, including incentive based ones. This is achieved by adopting a terminal-
centric network paradigm, i.e., all actions are initiated by the terminals but need to
be authorized by the network.

Keywords: 3GPP, Cellular networks, Handover, Evolved Packet Core (EPC)

1 Introduction

As the mobile world and Internet world converge, the demand for Quality of Service (QoS) inten-
sive services on mobile devices is increasing. This drives the development of new terminals and
new access technologies. However, many of the old access systems and also terminals remain in
place. The consequence is that heterogeneity is omnipresent in the mobile Internet. Terminals
are heterogeneous with regard to their capabilities. Access systems are heterogeneous with re-
gard to their admission control and QoS provisioning mechanisms. Services are heterogeneous
with regard to their QoS requirements. Last but not least, users are heterogeneous with respect
to their expectations from the network.

1 / 11 Volume 37 (2011)

mailto: [Krishna.Pandit, Hendrik.Schoeneich] @qualcomm.com
mailto:dekorsy@ant.uni-bremen.de


Incentive based Allocation of Terminals in Heterogeneous Access Networks

It is foreseeable that the common case will be single operators owning a multitude of access
systems, e.g., GSM, UMTS, LTE, WiMAX, WLAN hot spots, etc. In many cases, an operator
will own several access networks in a single location. The common case will also be multi-mode
terminals, i.e., ones that can connect to multiple - but not always all - access systems.

Therefore, the operators are faced with a new challenge: Allocating heterogeneous termi-
nals appropriately across heterogeneous access networks. Terminal allocation here means that
it needs to be decided which terminals go to which access networks. This is often referred as
Heterogeneous Access Management (HAM) [SXW+06]. In this paper we propose a mechanism
to meet this challenge.

The ultimate goal of the mechanism proposed in this paper is to give an operator the means
to distribute user terminals across a multitude of access networks. An example for the necessity
of such a distribution is to prevent overload and rejection of users in one of the access networks
while another access network in the same location could accommodate more users. In such a
situation it is difficult for the network to know which terminals have the capability and are in
coverage to hand over. The terminal on the other hand, knowing what capabilities it has, the
service it is running and what QoS it can expect in the different access networks, is well-suited
to take this decision.

Inter-system handovers, which are the enabler for terminal allocation across multiple access
networks, have been standardized by the Third Generation Partnership Project (3GPP). Further,
the Evolved Packet Core (EPC) allows the administration of 3GPP accesses and non-3GPP ac-
cesses under one core network [3GP]. While 3GPP has also specified the Access Network Dis-
covery Support Function (ANDSF) that deals with static terminal allocation, dynamic terminal
allocation across multiple access networks is not (yet) within the scope of 3GPP. A prototype
implementation of the EPC is developed in the OpenEPC project [Ope]. Another standard that
enables inter-system handover is IEEE 802.21 [TOF+09].

The state-of-the-art of HAM are centralized HAM servers, i.e., entities which collect relevant
information from the terminals and decide which terminal goes to which access network. This
is known as Multiple Radio Resource Management (MRRM) and is described in the work by
Siebert et al. [SXW+06]. A mathematical analysis of HAM is given in the work by Blau et
al. [BWKS07]. Schotten and his group address the problem of HAM by utilizing user and net-
work context [MKSS09] and extend this approach to multi-homing [CMK+10]. However, in
that work the focus is on the context aspect.

Our approach is to tackle this problem with a terminal-centric network paradigm. In this
paradigm, the terminal initiates the communication based on the services run, the available QoS
at the different access networks and the desires of the user. The network remains in control of
granting or denying access.

The main contribution of this work is a novel mechanism for terminal allocation across mul-
tiple access networks. We shift away from the state-of-the-art paradigm of the network ordering
the terminals which access network to connect to. Instead, we propose a ”soft” method. The
network offers the terminals a reward to hand over, i.e., it gives them an incentive. The reward is
in form of loyalty program points, money, free minutes or something alike. The terminals then
decide based on a set of parameters whether to initiate a hand over. These parameters not only
include the potential reward, but also other parameters such as the available QoS in other access
networks. However, the network keeps control in the sense that access can be denied to termi-
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nals regardless of this mechanism. We also provide a framework which allows a vast amount of
terminal allocation mechanisms.

The concept of incentives in resource allocation in wireless networks has been studied before,
e.g., in the work by Liao et al. [LWC03]. However, the issue there is to give users incentives
to cooperate in a cell by using certain service classes. Incentive based approaches are very
prominent in the context of Peer-to-peer (P2P) networks, which depend on users making their
content available to others. A recent example for this is the work by Sirivianos et al. [SYJ09].
Further, incentive mechanisms have been applied to motivate nodes in mobile ad hoc networks
to cooperate [ZCY03]. To our knowledge, no work exists on using incentives for inter-system
terminal allocation.

The remainder of this paper is organized as follows. In Section 2 we specify the system model.
The basic principle of the incentive mechanism is described in Section 3. Section 4 explains how
the decision is made in the terminal and presents a framework which allows a vast variety of
terminal allocation methods. We conclude in Section 5.

2 System Model

We assume that there is one operator who controls several access networks of different technolo-
gies in the same location. In particular, there are cells of different access networks which have
overlapping coverage.

These access networks are populated by terminals which are consuming a plethora of services.
These services are heterogeneous in terms of QoS requirements. The terminals are within cov-
erage of one or more access networks. Some terminals are multi-mode, i.e., they are capable
of connecting to different access networks. Here it needs to be distinguished between terminals
which can only connect to one access network at a time and those which can distribute their flows
over different access network. The capabilities of the terminals and their coverage situation with
regard to other access networks are not known to the network.

The cost for the user for a connection may or may not differ for the different access networks.
The billing is time-based, volume-based or a flat-rate. The reaction to QoS degradation may be
different for each user.

A typical scenario is depicted in Figure 1. There are three access networks ”A”,”B”, and
”C”. There are areas where only one access network has coverage, there are areas where two
access networks overlap and also an area where all three access networks overlap. There are
several terminals and it is indicated which access network they are connected to. The access
network ”A” can not accommodate more users. Hence, the terminal labeled ”0”, which is only
within coverage of access network ”A”, can not connect. However, there are terminals connected
to access network ”A”, e.g., the one marked ”A+”, which have the capability and are within
coverage to hand over to the access network ”B” which has room for more users. The subject of
this work is a terminal allocation mechanism for such scenarios.

Another aspect of the system model is the execution of handovers. We adopt a terminal-centric
network paradigm. The terminal checks which access networks are available and what QoS they
offer before initiating the connection establishment. Handovers are also initiated by the terminal.
The network has the role of authorizing all actions of the terminal at the initial attach as well as
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Figure 1: System model

during handovers.

3 Incentive Based Terminal Allocation

3.1 Rationale

The players in the terminal allocation problem are the operator, who owns several access net-
works, and the terminals. They have different, but not necessarily conflicting goals and different
knowledge. The goal of the operator is to ensure efficient usage of its access networks, while the
goal of the terminals is to maximize the user experience. What user experience means is defined
by each user individually and not known to the network. The operator knows the state of the
access networks, but not the capabilities and desires of the terminals. The terminals, on the other
hand, know what capabilities they have and what the user wants to do, but have no knowledge
about the state of the access networks. In order to perform terminal allocation, one side has to get
the missing information from the other one and take the decision which terminal goes to which
access network. In this work we explore mechanisms where the state of the access networks is
conveyed by them to the terminals, who take the decision which access network they connect to.

The essence of our proposed mechanism is that the network gives the terminals an incentive
to hand over from an access network. The incentive is given in form of a reward which is paid to
the users who hand over. The reward is in form of loyalty program points, money, free minutes
or something alike. The terminal then decides whether to hand over based on the potential
reward and other parameters, such as the service consumed and the available QoS at other access
networks. If decided to hand over, the terminal initiates the handover. The network reserves the
right to reject the handover. This mechanism is a shift in paradigm compared to the state-of-the-
art where the network orders which terminal goes to which access network.

Employing this mechanism gives the operator means to balance the terminals in its access
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Figure 2: Steps of the incentive mechanism

networks such that the user experience is optimized for many users.
In the following, the procedure is described step-by-step. The steps are depicted in Figure 2.

Along with the steps the upgrades to existing infrastructure to deploy this mechanism are pre-
sented.

3.2 Step-by-step Procedure

1. Detect a need for handovers. The proposed mechanism is intended as a reaction to a network
being in a state where it desires some terminals to move from one access network to another, i.e.,
detects a need for handovers. An obvious state where this is desired is one access network being
overloaded while others are not. There might be also other reasons why an operator wants to
move terminals from one access network to another, therefore it is important that the mechanism
works regardless of the load level of an access network and it is left to the operator to decide
which states are deemed as having a need for handovers. The functionality of detecting a need
for handovers has to be implemented in the access networks. Since there is no additional in-
teraction between network entities as well as no interaction between access networks, no new
standardization effort is required.

2. Send advertisements. Upon detecting a need for handovers, the network sends advertise-
ments reflecting the current situation to all its attached terminals. These advertisements can be
either broadcasted to all or multicasted to a subset of users. The advertisement can contain a di-
rect offer, i.e., the reward that the user will get for handing over. Alternatively, the network state
is advertised which is evaluated along with other parameters at the terminal, which then decides
whether to handover. The option of advertising the network state by broadcast to all terminals is
assumed in the remainder of this paper. Existing and future access networks need to be enhanced
with a message from the network to the terminal which conveys the network state. However, it
is not required that this is the same message for different access networks. A possible solution is
to send the advertisements as IP packets.

3. Terminals decide. Confronted with an offer it is up to the user or terminal to decide
whether to stay in the current access network or handover. It is not required that all flows of the
terminal hand over, instead this can be done on a per-flow basis, if supported by the terminal
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and network. There are two ways this can be done. The first way is to query the user with an
interactive dialog box. While the appeal of this method is that it incorporates the current mood of
the user, its drawback is that it takes seconds, or maybe even minutes before the handover takes
place, which might hinder efficient terminal allocation. The second way is to let the terminal
decide based on a pre-configured function, which is the method assumed in the remainder of this
paper. This step is elaborated in Section 4. The decision which access network to hand over to is
dependent on the available QoS at the target access networks, as the desired service needs to be
supported with a QoS comparable to that in the source access network. Hence, it is useful if this
is one of parameters in the decision whether to handover. It is important to point out that it is not
intended to alter the authorization and handover procedures of the access networks. Therefore,
regardless of this mechanism the operator reserves the right to remove a terminal from an access
network or deny access at will, if this is supported by the access network.

4. Handovers are recorded. There are several ways do administer the delivery of rewards to
the terminal without adding much complexity. An electronic token can be sent to the terminal
after the handover which the user can redeem later. Further, since handovers are often anyway
tracked, the operator can evaluate the list of handovers of each terminal at the end of the month
and count the rewardable ones.

4 Handover Decision Mechanism in the Terminal

4.1 Principle

In this section we elaborate on the decision of a terminal to accept an offer to hand over according
to a pre-configured function. We show how a generic framework allowing a vast amount of
terminal allocation methods ranging from pure network control to anarchic user control can be
implemented.

The decision whether to hand over is taken at the terminal and based on the user and operator
preferences as well as the context. By ”context” we mean the circumstances at the time of
the handover, e.g., the state of the access networks. The parameters also include the potential
reward that a terminal will get for a handover. The parameters are weighted and are the input
to a function which computes a value. Depending on this value a handover may be initiated.
To describe this formally, let xi be any parameter, wi be its weight, f() a function, and D the
computed value. Then,

D = f(w1x1,w2x2, . . . ,wixi). (1)

There are two methods how the value D can be translated to a handover decision. The decision
can be done deterministically by comparing the value D to a threshold Dt and executing the
handover if

D > Dt . (2)

Alternatively, the handover decision can be done statistically. The evaluation function is con-
structed such that D takes a value between 0 and 1. Then an uniformly distributed random
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number Dr between 0 and 1 is generated and the handover is executed if

D > Dr. (3)

Now let us take a closer look at the parameters. We distinguish three types of parameters:
user parameters, operator parameters and context parameters. The context parameters capture
the state of the terminal at the time of the potential handover. A key context parameter is the
state of the network, which is conveyed to the terminal by a message from the network. Another
important context parameter is the available QoS in the other access networks. Further context
parameters can be the battery state of the terminal, the number of rewardable handovers done in
the past and the current services that the terminal is consuming.

The operator parameters provide means for the operator to control the network. The most
important operator parameter is the table of potential rewards. This is a look-up table from which
the potential reward is retrieved in conjunction with the context parameter reflecting the state of
the network. Other operator parameters can be the subscription type and a cheater indication.
The subscription type gives the operator a handle to treat different users differently. The cheater
indication is a parameter with which the operator can impede users assumed to be cheating.

The user parameters reflect the preferences of the user. A typical user parameter is the will-
ingness to hand over. With this the user can indicate whether he is open to hand over which
maximizes the reward, or whether he prefers to avoid handovers. Generally, it is desirable to
keep the number of user parameters low to prevent burdening the users However, an arbitrary
number of parameters can be introduced to make the decision dependent on several aspects of
the user, e.g., which service is being consumed.

The user and operator parameters are configured statically. The user parameters are set by the
user. The operator parameters are conveyed to the terminal via configuration messages sent be-
forehand. The context parameters are retrieved by measurements. An exception is the parameter
reflecting the state of the network, which is advertised by the network. Beyond this message
containing the state of the network, no additional HAM specific signaling between the network
and the terminal is required when a need for handovers is detected.

The format of the parameters varies. Some parameters are in form of a numeric value. There
might also be user parameters with linguistic values. As pointed out above, there are parameters
which are in form of a look-up table which yield a numeric value in conjunction with another
parameter. In the example in the next section such a look-up is described.

The function computing the handover value must be able to deal with these different kinds of
parameters. A straightforward method to ensure this is to map all parameters to numeric values.

The evaluation function can be cascaded, i.e., first certain parameters are evaluated and only
depending on the outcome the computation is continued. Formally, this means that when there
are two levels

D = f(w1x1,w2x2, . . . ,wixi,d1), (4)

where

d1 = f1(wi+1xi+1,wi+2xi+2, . . . ,w jx j). (5)

This is useful due to the high battery consumption when retrieving certain parameters, such as
the available QoS in other access networks. In such a case the retrieval can be avoided, if it is
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Figure 3: Example of evaluation

already clear from evaluating other parameters that this terminal will not hand over. Cascading
the evaluation is elaborated in the following example.

In principle, this mechanism is not limited to handover decisions, but can also be applied to
deciding which access network to go to before a service starts.

4.2 Example

An example of the evaluation of the parameters is given below. The user, operator and context
parameters are denoted by xu

i , xo
i and xc

i , respectively.

There are five parameters which take values in the interval [0,1]. Each parameter has a weight,
whose value is also in the interval [0,1].
xo

1: Look-up table containing potential reward
xc

1: Network state
xu

1: User preference between reward and avoiding handovers
xc

2: Battery state of terminal
xc

3: Available QoS at other access networks

In this example, the function f1() is a table look-up and f2() and f3() are sums. Further we
assume, that there is a threshold Dt and if D > Dt a handover is executed. The evaluation is
cascaded using three functions f1(),f2() and f3(). In the first step, the potential reward for the
user is computed.

d1 = f1(wo
1xo

1,w
c
1xc

1). (6)

From the potential reward table xo
1 the value corresponding to the network state xc

1 is retrieved.
A possible table is shown in Table 1. There the parameter xc

1 can take an integer value between 0
and 4. It is important to note that the result d1 is not the potential reward in the unit of a currency,
loyalty program points or free minutes, but a weighted numeric value which serves as input for
f2(). Together with the parameters reflecting the battery state and the user preference, the value
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Network state xc
1 Value d1

0 0
1 wc

1 ·wo
1 ·0.3

2 wc
1 ·wo

1 ·0.6
3 wc

1 ·wo
1 ·0.8

4 wc
1 ·wo

1 ·0.9

Table 1: Parameter in form of a look-up table

d2 is computed.

d2 = f2(d2,wu
1xu

1,w
c
2xc

2) = d1 +wu
1xu

1 +wc
2xc

2. (7)

At this point all parameters other than the one reflecting the available QoS in other access
networks have been evaluated. If it could already be concluded that this terminal will not hand
over, or will definitely handover, the battery consuming retrieval of the last parameter could be
spared. A simple test is to check whether the threshold can not be reached or is definitely reached
if the parameter reflecting the available QoS in other access networks takes one of the extreme
values, which is the case when wc

3xc
3 = 1 or wc

3xc
3 = 0. I.e., it is checked whether

d2 +wc
3 ·1 < Dt , (8)

and whether

d2 +wc
3 ·0 = d2 > Dt , (9)

If Inequalities (8) or (9) hold true, the procedure can be ended here. In the case of Inequality (8)
holding true, no handover is executed, in case Inequality (9) holds true, a handover is executed.
Otherwise, the value D is computed.

D = f3(d2,wc
3xc

3) = d2 +wc
3xc

3. (10)

Finally, it is checked whether D > Dt . If this is the case, a handover is executed, otherwise the
terminal stays in the current access network.

4.3 Relationship to other Terminal Allocation Mechanisms

It can be seen that by choosing the parameters which are used for the computation and adjusting
their weights, the operator can configure a wide variety of terminal allocation mechanisms. By
setting the weight of the user parameters to 0 and not providing incentives a purely network
controlled mechanism is implemented. On the other hand, by setting all weights but the user
parameters to 0, an ”anarchic” method where the users do what they want is implemented. In
other words, setting the weights constitutes a ”turning knob” for operators with which they can
configure the desired terminal allocation mechanism.
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5 Conclusion

In this paper we address the problem of terminal allocation across multiple access networks
that will be common for operators in the future. The main contribution of this work is the
incentive based terminal allocation mechanism. The operator leaves the decision which access
network to connect to the terminals but gives incentive, e.g., in the form of loyalty program
points, money or free minutes, to the users or other information to the terminals to incorporate
the operator’s interests. We further develop a framework which can be configured to implement
a vast amount of terminal allocation methods. The terminal decides based on user, operator and
context parameters, which may or may not also contain an incentive to hand over.

This mechanism has several advantages. It allows scalability in the sense that new terminals
can be easily added to the network. Beyond that, it is not limited to specific access technologies
and can be used for future access networks. Heterogeneity with regard to terminals is supported
as it is not required that all terminals participate, regardless whether due to lack of multi-mode
capability or lack of implemented functionality. Heterogeneity with regard to access networks is
supported as the access networks act autonomously and require no additional functionality other
than sending advertisements. Heterogeneity with regard to services is supported as it can be
prevented that terminals running fragile services hand over. Heterogeneity with regard to users
is supported as the users’ individual preference can be incorporated while taking the decision.
Using incentive based terminal allocation methods adds another aspect to the economic analysis.
It also complicates performance studies, as the user behavior needs to be modeled as well. A
topic of future work will be the extension to a multi-operator case, which brings up the challenge
that it is hard to imagine an operator giving its customer a reward to hand over to the competitor’s
network. A further topic for future work is a performance analysis of the proposed mechanism.

Acknowledgements: This work was partly funded by the German federal ministry of research
and education, the Bundesministerium für Bildung und Forschung (BMBF), in the context of the
ScaleNet project (http://www.scalenet.de).
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