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ABSTRACT
The heterogeneity depicted by wireless networks and spec-
trum availability in emergent technologies means that mo-
bility management has got to deal with changing opera-
tional environment by cognising the environmental changes
and adapting accordingly. Although a considerable amount
of research on mobility management for heterogeneous net-
works has been done, mobility management for cognitive ra-
dio wireless networks, including the spectrum aware mobility
support remains largely unexplored. In this article the con-
cept of a cognitive interface network is raised and an under-
lying cognition cycle together with the high level functional
architecture are presented to support seamless interworking
in heterogeneous environments. Integration with the media
independent handover framework of the IEEE 802.21 stan-
dard is taken as a use case to further describe the functioning
of the proposed framework where network resources usage is
optimized and user experience is enhanced through cognitive
interfacing.

Categories and Subject Descriptors
C.2.1 [Computer-Communication Networks]: Network
Architectures and Design; C.2.6 [Computer-Communication

Networks]: Internetworking

General Terms
Design

Keywords
Cognition, Context awareness, Mobility Management, Inter-
face Network, Heterogeneous Networks

1. INTRODUCTION
The command and control mode of spectrum management
has led to, in one way, multiple standards (or business mod-
els) co-existing in a non-interfering manner relative to oper-
ating spectrum band, and in another way, inefficient spec-
trum management [3] due to partial usage of the fixed allo-

cated bands. The proliferation of the Internet usage in peo-
ple’s daily activities has led to an increase in the need for
connectivity anytime anywhere. This need has spurred the
demand for more spectrum to which some regulators have
responded by allowing secondary spectrum usage through
trading or opportunistic access in place of command and
control.

Indeed, secondary spectrum usage increases the innovation
space for new wireless services to fill the gap for uninter-
rupted connectivity demand, and brings heterogeneity in
network services. However, lack of interoperability between
different wireless standards or network services is a draw-
back to users, and hence defeating the intended goal. Specif-
ically, this is a challenge to researchers to address the prob-
lem of seamless mobility and interoperability between di-
verse networks through which the mobile user can interact
with the corresponding node anytime anywhere.

The technical feature enabling connectivity anywhere and
anytime is called mobility management. With the advent
of innovative cognitive radio(CRs) technologies, which is an
advancement of software defined radio (SDR); the concept of
mobility management becomes extended further than simple
maintenance of seamless connectivity between a network and
an associated moving node.

The heterogeneity depicted by wireless networks[?] and
spectrum availability in emergent cognition technologies means
that mobility management has got to deal with changing op-
erational environment, specifically availability of frequency
bands, by cognising the changes and adapting accordingly.
The changing operational environment in this case is re-
ferred to as spectrum mobility [2]. Spectrum mobility hap-
pens when cognitive users voluntary or involuntary vacate
the frequency band they are operating in, and jump to a va-
cant segment of the spectrum. Spectrum mobility, therefore,
presents the fundamental problem associated with secondary
spectrum usage in heterogeneous networks.

Furthermore, when spectrum mobility is incorporated into
the conventional mobility problem, then the challenge be-
comes more complex in both horizontal and vertical hand
overs. In this case, the hand over mechanism, is not only for
handling the session from one cell to another cell, but also,
moving from one spectrum band to another band under un-
certainty conditions. In case where the mobile terminal is
accessing an IP based service, then spectrum mobility may



trigger the IP mobility problem as well, further complicat-
ing the problem. Therefore, there is a need to address the
problem of guaranteeing continuous service accessibility ,
across the terrains of spectrum and network heterogeneity
in a holistic way.

Although a considerable amount of research on mobility
management for cellular, mobile IP, and mobile ad hoc net-
works has been conducted, mobility management for cogni-
tive radio wireless networks, including the spectrum mobil-
ity problem remains largely unexplored. Therefore, while
extending the Internet through heterogeneous wireless ac-
cess technologies, it is important to consider the capability
to provide consistent accessibility of network resources to
the end user regardless of the point of attachment to the
network. Consistent accessibility should be provided in a
manner that neither the user does experience service degra-
dation in terms of delay or packet loss, nor does the network
become overwhelmed by signaling overhead traffic cost.

In the current setting, both the Internet architecture and
IEEE standards are not able to fulfill the requirements of
seamless cognitive radio network environments. However,
there is something that we can learn from these networks
to inspire us to solve the mobility problem in heterogeneous
cognitive radio networks. As it may be recalled, both the In-
ternet and IEEE wireless standards like WiFi have evolved
in an unregulated and spectrum license exempt environ-
ments respectively. WiFi for example, is simply an extension
of the Internet the same way cord-less phone extends land-
line telephone hookups. Both the WiFi access point and the
cord-less phone base station are interfaces between the wire-
line and the wireless, giving the user the convenience brought
about by untethered freedom. With that in mind, consider
a user that is able to access diverse services from several ser-
vice providers with different technologies through a common
interface. From the WiFi and the cord-less phone example,
we realize that the interface was neither the portable com-
puter nor the phone, but the AP and the base respectively.
By the same token, access to heterogeneous networks could
be enabled by an interface network which would enable the
user to access subscribed services through multiple outlets
seamlessly.

Following the above observation, this work proposes an in-
terface network service which provides mobility manage-
ment across heterogeneous networks. The interface network
can be seen as a separate business model that offers mo-
bility management services across heterogeneous networks.
It acts as a broker matching heterogeneous networks opera-
tors to corresponding mobile end users as shown in Fig. 1.
The third party system manages the user connections across
networks, or manages the user’s mobility interactions with
diverse networks. This is network centric approach in that
it is a network that provides mobility management service;
but it is also user centric in that it focuses on helping the
user to access services across heterogeneous networks.

As can be seen, challenges arising from cognitive radio wire-
less networks call for the design of holistic mobility manage-
ment techniques considering cognition and adaption to the
environmental features that influence connectivity in tem-
poral, spatial, fractal and virtual (network) domains. To
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between heteregenous networks and end user.

this end, this work address the problem in the following
arrangement. In Section 2, the motivation for cognitive mo-
bility management is explained while extending the tradi-
tional mobility concept. In Section 3 the cognition cycle for
mobility management is presented. Section 4 describes a
high level functional framework based on context-awareness
to address the mobility management problem. To drive the
point home, Section 5 exemplifies the functioning of the pro-
posed framework through a use case where the framework
is integrated with a MIH function of the the IEEE 802.21
specification. Finally, Section 6 concludes the work and en-
list future works.

2. EXTENDED MOBILITY CONCEPT
The availability of multiple wireless access technologies and
multi-mode devices is shifting the problem of obtaining sim-
ple connectivity to a problem of optimizing user’s experience
through seamless connectivity. A clear picture of operating
scenarios and an understanding of underlying technical chal-
lenges will is a prerequisite to designing cost effective and
feasible solutions.

2.1 Scenarios
We depict two important scenarios that are envisioned for
operation with the proposed interface network for heteroge-
neous network access.

S1 The Consortium Scenario: The interface network ar-
chitecture “operates under strict guide-lines, posed by
agreements between the members of a consortium, which
are network operators or virtual network operators
(namely network operators that do not have their own
licensed frequencies or infrastructure and offer services
to their customers, based on resources of other network
operators with whom they maintain contractual agree-
ments). In this scenario, the licensed frequencies of the
independent members of the consortium (the sum of all
the frequency bands or sections of it) function as one
integrated spectrum pool for collective usage. Each
member of the consortium may cooperate with other
Service Providers (for example Content Providers) and



announce the characteristics of their offered services
through its network, which accrue from their coopera-
tion, to mobile terminals” [10].

S2 The Super Customer Scenario: The interface network
operates as a super customer who has subscribed to
huge resources of diverse network and service providers
and offers the technology that maps mobile terminal
requirements to network resources, effectively acting as
a connection manager between the end user and the
network. The solution is a third party entity, which
buys service from all service operators, and lets user
roam around those services in their name.

Take aGPS (assisted global positioning system) for an exam-
ple [7] [11]. When a GPS system is used and it is turned on,
it needs to find orbit and clock data for the relevant satel-
lites, this in turn results in what is called Time To First
Fix (TTFF), i.e., the time taken before the location is pin-
pointed. This initial TTFF is often called a cold start and
on the latest GPS systems available, it can take anywhere
from 30 seconds to a couple of minutes to acquire a signal.
That time is dependent on the location, amount of inter-
ference and horizon information: open fields are faster than
canyons or urban environments where buildings can interfere
with the satellite-receiver line of site.

But when assisted GPS is used, this whole process is much
faster. Very often cellular network towers have GPS re-
ceivers (or a base station nearby) and those receivers are
constantly downloading satellite information and comput-
ing the data. The cellular phone can retrieve this data and
hence acts like an interface since the relevant satellites to
the device location are already identified and all that GPS
computations is handled by 3rd party computers. Such a
system has the following advantages to the user: (i) faster
location acquisition; (ii) less processing power is required
by the device; (iii) saves battery life; and (iv) location ac-
quisition indoors or in non-optimal environmental settings.
Here, the 3rd party computers is analogous to the proposed
cognitive interface network, whose main purpose is to ‘as-
sist’ seamless handover mobility, to users in both scenario
S1 and S2, with a small extra charge and without service
degradation.

2.2 Extension of the Mobility Concept
Mobility refers to the ability of the user to change means
of accessing network services without loosing access to the
service itself. Current literature classify mobility into four
categories or levels [16][4][8] namely user mobility, terminal
mobility, session mobility, and seamless mobility.

• User (personal) mobility: In this case, the user is able
to access services through any terminal, anytime, any-
where. The identity of the user does not change with
the change of a terminal device used to access the net-
work, or change of a network point of attachment(PoA)
through which the user is served, i.e., home or visited.
The user pays the service provider regardless of PoA.
User (personal) mobility unbinds the fixed association
between the user and medium of service access. For ex-
ample a user with a mobile device with 3G and WiFi

network interfaces can access Internet service by ei-
ther interfaces but with the same personal identifier
(e.g. like a 3G SIM Card), so that the network is able
to locate the user’s current position and identify the
terminal for the purpose of addressing, routing, ac-
counting and billing.

• Terminal (device) mobility: In this case, the user moves
his terminal or device across different networks and ac-
cess technologies while able to get access to subscribed
services in a given network. Here, the credentials that
identify the user does not change as she or he changes
access network. Terminal (device) mobility unbinds
the fixed association between the device and the net-
work PoA through which it receives subscribed service
access. For example, the multi-mode device user will
be able to access online instant message services while
traveling in a fast train.

• Session mobility: In this case, the media of an ongoing
communication session is transferred from one device
to another. Session mobility unbinds the fixed associa-
tion between session continuity and medium of service
access. For example the multi-mode user uploading a
file through a 3G network is able to continue the ses-
sion through a cheaper and faster WiFi network. In
this case the user does not need to re-establish active
session(s) when moving between networks. Neverthe-
less, the quality of the ongoing session may not be
maintained (for better or worse) during and after the
transition.

• Seamless (service) mobility: In this case, the network
is a able to offer personalized services regardless of the
end user’s point of attachment while maintaining the
consistency of the ongoing session’s QoS (i.e., seamless
connectivity). Moreover, the network is able to ensure
that the user has access to all of its subscribed services
and features regardless of its PoA. Seamless (service)
mobility unbinds the fixed association between ses-
sion’s QoS consistency and medium of service access.
For the multi-mode device user, a voice over IP (VoIP)
established in the fast train should be seamlessly han-
dled over to a WiFi hot spot when reached the station
where network connection tariffs are cheaper.

Each of the four types of mobility has a feature which is
consistent through-out the communication process. In user
mobility, the user credentials or identity does not change;
in terminal mobility the subscribed services do not change;
in session mobility the continuity of the session does not
change; and in seamless mobility the QoS of the session does
not change during the transition phase. However, with the
advent of secondary spectrum usage, where the operating
spectrum can change while maintaining the communication
link, there is an added type of mobility namely spectrum
mobility.

• Spectrum mobility: In this case, a cognitive radio user
voluntary or involuntary dynamically changes its oper-
ating frequency band[3][9]. In order to allow the cogni-
tive radio to dynamically operate in a non-interfering



frequency band, the cognitive radio networks must pro-
vide mechanism to maintain seamless connectivity when
the change to a new spectrum is taking place. This
could mean accessing a different network though a
different terminal interface all together [17]. Spec-
trum (fractal) mobility unbinds the fixed association
between the radio access technology (RAT) and op-
erating spectrum band. Even though this is none of
the above mentioned mobility types, however, trigger-
ing a spectrum hand-over event may result in exiting
any of the above mobility types functions. For exam-
ple, change of interface due to spectrum mobility may
mean change of access technology and hence change in
session route and PoA.

From a conventional perspective, diversity in the types of
mobility implies that they are best addressed at different
layers of the communication protocol stack. For example,
terminal mobility can be handled at the network layer using
the Mobile Internet Protocol (MIP). Session mobility has
got to be handled by the Session Initiation Protocol (SIP).
However, spectrum mobility affects the whole protocol stack,
and hence spectrum aware mobility management approaches
have to be developed in a holistic manner to ensure seamless
connectivity in heterogeneous cognitive radio networks. In
the next Section we list the design principles that has to be
followed to achieve the mentioned goal.

2.3 Challenging Design Principles
The following design principles[14] have to be taken into con-
sideration when addressing the seamless mobility problem in
heterogeneous networks.

P1 The source RAT should make the hand-over decision
by taking into account inter-RAT measurements plus
other handover-related context information (e.g., QoS
information, radio resource availability, link layer trig-
gers, user preferences, etc).

P2 The admission control and reservation of resources at
the new RAT should be made in advance to minimize
the handover latency.

P3 Critical procedures such as the authentication in the
new RAT should be assisted by sending security and
QoS context to the target RAT during handover prepa-
rations.

P4 Specific configuration information about the RAT such
as available radio channel should be provided by the
source RAT for inter-technology handover.

P5 A unified way to exchange and interpret context infor-
mation should be provided for inter-technology han-
dover.

In addition to these, when taking into account uncertainty
of operating spectrum band availability, the following prin-
ciples has to be considered concurrently:

P6 When operating spectrum band availability is in jeop-
ardy (due to incumbent appearance, unduly interfer-

ence, need to increase network capacity, etc), the net-
work should be able to pro-actively acquire and per-
form spectrum hand-over to ensure service continuity.

P7 During emergency, the network should switch to life sav-
ing mode by activating public safety functionalities, or
vacating operating band to give precedence to first re-
sponders network deployment bandwidth usage.

A separate intermediary entity or business model, which
provides inter-technology seamless mobility as well as per-
form customized link management is proposed to trade-off
between loose and tight coupling solutions in current ap-
proaches.

3. MOBILITY MANAGEMENT COGNITION
CYLE

Figure 2 shows the context based cognition cycle for of seam-
less mobility management under uncertain spectrum avail-
ability scenarios.

The Context Detection and Context Collection, in the Fig.
2, which make up the Context Acquisition (4.1), form the
first step in achieving pro-active spectrum resource reser-
vation making ready for spectrum hand-over. The Context
Information Provider (CIP) collects spectrum and mobility
context information from the network, end user, geo-location
database, regulator, sensor networks, in order to acquire nec-
essary information to be used for mobility management.

Context Matching performs the task of relating context in-
formation provided by the CIP to network (on going ses-
sion) conditions and user needs. The matching could be
activated by real-time or on-demand events generated by
pre-configured context thresholds from the CIP. The aim of
Context Matching is to provide basis for the selection of the
most optimal spectrum resources in relation to available ser-
vices and user QoS preferences. This enables the network to
provision resources for QoS guarantee before the handover
process.

Service Access provides the functionality to access network
services by configuring the device RAT to conform to avail-
able spectrum bands and corresponding network service providers.
The Service Access capability takes into considerations the
user’s needs as well as other services needs in order to achieve
non-interfering wireless network connectivity.

Mobility Management performs the task of seamless hand-
over from one spectrum band to another, or from one RAT
to another RAT, or from one PoA to another PoA depending
on the event that triggered the mobility management func-
tion. The Mobility Management functionality has to ensure
vacation of the session from current operational spectrum
band; connection to a candidate matching spectrum band;
and release of previously used radio resources. In a narrower
scope, this functionality is called spectrum handover [5] [2];
however in a heterogeneous interworking environment, the
tasks involves more than change of operation spectrum band.
In case where no more spectrum white spaces are available,
mere spectrum handover would mean end of session, but in
this context, intelligent mechanism will enable session conti-
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nuity by establishing a link through another RAT (assuming
IP-over-everything applies).

The network centric cognition cycle is an advancement of
the device centric cognition cycle introduced by Mitola [15].
The cognition functionalities discussed in this Section will be
mapped into a high level mobility management architecture
in the next Section (4). Moreover, the functional compo-
nents will be detailed in media independent hand-over use
case.

4. HIGH LEVEL DESCRIPTION OF THE
MOBILITY ARCHITECTURE

Realizing the cognition cycle for the proposed interface net-
work involves mapping the cognition states described in Sec-
tion 3 into a functional framework. In this Section we use
spectrum availability, user’s, networks, and regulatory en-
vironments as a source for spectrum aware context infor-
mation that can be exploited to support seamless mobility
management for cognitive radio networks. The context in-
formation may be regulators maximum or minimum power
limit, spectrum white space availability, user QoS prefer-
ence, type of service provided by the network operator etc.
Any of changes in the context information may trigger an
extended hand-over event. In other words, changes in spec-
trum availability, regulatory, service availability, user mo-
bility and preference may prompt changes in operation fre-
quency, access point, service point, type of service etc. To
achieve extended hand-over functionalities, this work pro-
poses spectrum context aware mobility management frame-
work to address functional issues including (i) spectrum con-
text acquisition; (ii) context matching (resource allocation
or assignment); and (iii) mobility management and QoS pro-
visioning. Figure 3 shows the framework and interfaces be-
tween the components composing spectrum context aware
mobility management functional architecture.

4.1 Spectrum Context Acquisition

The component of spectrum context acquisition are respon-
sible for the detection, collection and storage of the informa-
tion( in entities called Context Providers (CPs)). the spec-
trum etiquette context information can be obtained from the
local geo-location database. the context information of the
environment surrounding the user can be obtained from on-
the-device mounted sensors like (spectrum, location, speed,
inclination, vibration, etc). Wireless sensor networks in the
vicinity of the user may also complement the environmental
context. The environmental context can be used to detect
complex events, like disaster (e.g. by using temperature, lo-
cation, inclination, etc) and adopt to this new context for
example by activating the safety RAT and connect to early
responders network supplying location information to has-
ten the life saving exercise. Spectrum context is given high-
est priority for life saving activities, as P7 requires. Simi-
larly, context information can activate hand-over from LTE
to WiFi depending on user-preference satisfaction context,
by using network service context. This information is stored
in a context information provider as shown in Fig. 3. More-
over, network context information could be retrieved from
the network handover manager (NHM) of the IEEE 1900.4
[12], or the media independent information service (MIIS) of
the IEEE 802.21 [18], or from the Third Generation Partner-
ship Project (3GPP) access network discovery and selection
function (ANDSF)[1].

4.2 Context Matching
In Fig. 3, the Context Broker retrieves the context informa-
tion from the providers as well as standards and regulatory
bodies to match context information with user’s needs for
resources. Depending on the scope of the Context Broker in
question, it can also be used to provide either real-time or
on-demand context update service which in turn may trigger
different service provisioning events like resource reservation
in case of anticipated mobility changes; spectrum hand-over
on incumbent approaching context; availability of new spec-
trum resource or services availability etc.

4.3 Mobility Management and QoS Provision-
ing

The Mobility Management and QoS Provisioning function
performs the actual management of seamless connectivity
based on the information provided by the context broker.
Referring to Fig. 3, the Context-to-Access framework aims
at responding to the context provided by the CB to trig-
ger mobility management function based on identified (and
reserved) resources for the target class of users or session.

The Context-Aware Mobility Management and QoS Provi-
sioning Framework allows seamless mobility hand-over in
the spatial, temporal, and fractal domains, independent of
technology specific limitations. It executes the handover
task by establishing a connection to one of the consortium
members in case of S1; or one of the subscribed service
providers in case of S2. The handover accounts for QoS
provisioning based on the tariffs consented by the user for a
given service segment.

5. USE CASE: INTEGRATION WITH MIH
One of the candidate use cases of the proposed interface
network is the integrating with the Medium Independent
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Handover Function in the IEEE 802.21 standard.

5.1 Overview of the MIH Framework
The scope of the IEEE 802.21 standard is to facilitate the
handover between IEEE 802 and non-IEEE 802 access net-
works (e.g., cellular networks) in a way that is indepen-
dent from specific access network technology, i.e., achieve
medium-independent handover (MIH)[14, 18, 6]. This is re-
alized through a mechanism that allow explicit reporting
of remote or local link status which trigger events related
to mobility managements entities for processing. The core
component of this functionality is the MIH function (MIHF)
which is located in both the mobile node (MN) and the
network node protocol stack and provides three types of
services: (i) the media-independent event service (MIES);
(ii) the media-independent command service (MICS); and
(iii) the media-independent information service (MIIS).

The MIES is responsible for detecting events and report-
ing them from both local and remote interfaces. This type
of service is provided from lower layers to upper layers as
shown in Fig. 4. Events reported includes remote or local
link deterioration and unavailability. The MICS provides
commands enabling upper layers to remotely or locally con-
trol lower layers to execute handover operations. Commands
follow a top-down direction, whereas events follow a bottom-
up direction. Commands could be requirement to configure
a network device, scan available networks, etc. The MIIS
provides the mechanism for retrieving information and as-
sisting the handover decision. Static link parameters, like
channel information, or medium access control (MAC) ad-
dress of the access point (AP) are such information.

The IEEE 802.21 standard is limited to handover initiation

and preparation phases, while execution phase is not cov-
ered, and hence mobility management in upper layers is still
required for service continuity across networks. Moreover,
the adoption of 802.21 solution in non-IEEE 802 technologies
would require the allocation of functional MIHF entities in
the terminal and within both wireless networks along with
the corresponding transport capabilities to exchange MHI
protocol messages. In this sense, MIH signaling tofrom ter-
minals has to be realized in the radio link layer, an issue
which is not supported by all groups, for example the 3GPP
has not accepted its inclusion in release 8. On the other
side, the Internet Engineering Task Force Mobility for IP
Performance, Signaling, and Handoff Optimization Working
Group (IETF MIPSHOP WG)[13] is specifying the higher
layer transport for the MIH protocol and mechanisms to dis-
cover MIHF peers [18]. This means that MIH is still an
attractive technology for enhancing IP mobility across het-
erogeneous accesses for future interworking. In this work
we add cognition functionalities into the MIH framework
through integrating context awareness framework with the
network protocols as Fig. 4 shows. In the next Section we
show this integration.

5.2 Components of the Mobility Management
Functions

The aim of context-aware mobility management is to define
components, interfaces and functionalities for the enabling
of heterogeneous interworking in spectrum uncertainty en-
vironments.

5.2.1 Connection Management
The connection management (CM) is responsible for the
management of different connections between the cognitive
user and corresponding node. The managed connections
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can be operating in different layers of the protocol stack,
for example session, network level, or link layer, or spec-
trum availability level depending on the scenario (S1 or S2)
under which it is used. In case of S1, the CM may pro-
vide services that fits the consortium agreement by ensuring
seamless hand over. For example, the consortium may only
agree to share spectrum information availability, hence the
CM will be acting as a spectrum broker to pro-actively ne-
gotiate spectrum resources between members, and hence the
CM functions as a spectrum mobility manager, to ensure fast
spectrum hand over for continuous connectivity of partners’
services. In case of S2, the CM may provide more com-
prehensive services for the extended mobilities to interface
between the mobile user and the network. For example, in

addition to spectum mobility management, the CM may pro-
vide the matching of radio access technology to radio access
network reconfiguration to seamlessly interface between the
mobile user and the network service providers to which it is
a Super Customer.

5.2.2 RAT Management
In a heterogeneous network with multi-mode devices, hand
overs not only influence changes in point of access or point
of service, but also may lead to terminal device mode recon-
figuration to change the access technology. The RAT man-
agement (RATM) component oversees the activation and
deactivation of different radio access technologies in the de-
vice and network sides depending on the connection require-
ments context. These RATs are switched on and off based
on spectrum availability, modulation scheme, RF front end,
required bandwidth, speed of mobile, user preference, avail-
able network, and other applicable RAT context in a par-
ticular geographic location. Moreover, the RATM can act
as a translator between one RAT and another. The profile
of the RAT configured will depend on the hand over policy
derived for a given scenario (S1 or S2).

5.2.3 Network Resource Allocation
Timely reservation of network resources is crucial for both
minimizing handover latency, and ensuring stability in the
quality of service where the communication experience is not
disturbed during the handover process. The Network Re-
source Allocation (NRA) component collects, analyses net-
work resources context information and derives policies for
their optimal allocation depending on consortium agreement
in S1 or customer preferences in S2. Before handover, the
NRA receives connection status information from the CM
through the RATM and reserves potential resources, such
as spectrum, routes, bandwidth, etc, in case of impending
communication loss. It also derives RAT configuration poli-
cies to maximize the resource usage and enhance user’s ex-
perience.

Cognitive Mobility Management Interface Network
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5.3 RAT Translator



This component translates protocols of the mobile RAT to
the network RAN in order to establish connection to the
available network resource.

5.4 Integration with the MIH Function
A candidate instance of the deployment of the proposed in-
terface network is through connecting with the MIH func-
tion of the 802.21 standard. The interface network is linked
through the service access points (SAP) as shown in Fig.
5. Figure 6 shows an example of the handover procedure
through the interface network. For simplicity, we consider
network initiated handover, where the inteface network pre-
dicts link deterioration due to managerial experience in the
vicinity of a given geographic areas, where as the NRA
component has already identified and reserved resources for
seamless handover. The CM informs the MIH function to
change the link through the MIH Link Actions command,
which in turn communicate through the MIH Link Up event
to trigger the new connection establishment. In case of S1,
the handover will be transparent to the user subscribed to
one of the consortium members. However, that may not be
the case for S2, for example for a first time user, there will
be an advertisement message to ask if the user would prefer
to shift to the Super Customer mobility management ser-
vices, in case of a predicted link failure. In this case, the
efficiency of the mobility management service will depend
on the response or configuration of the mobile terminal.

In one hand, this integration can be seen as the extension
or enhancement of the IEEE 802.21 function. For example,
in the IEEE 802.21 specification, the MIH N2N HO Query
Resources.request command is used to query for the feasibil-
ity of the handover based on available network resources to
the link of the target network point of attachment. However,
the specification does not account for the means to reserve
resources, only responds with a list of query elements as a
parameter. Therefore, interworking through the proposed
architecture has the potential of reducing latency and sig-
naling overhead during handover and hence enhancing the
user’s quality of experience. In another hand, however, this
integration is unique in that it provides a framework to in-
terwork with non-802.21 compliant networks, that is, the
interface network can allow handover between network sup-
porting the MIH function in IEEE 802.21 with and those
which currently do not as yet support the function. More-
over, the interface would provide cognition features to cur-
rent networks and mobile terminals without them, and op-
timize network resource usage such as spectrum and also
the communication experience remains nearly undisturbed
during hand over. With these features operational, the pro-
posed mobility management architecture will approximate
the design principles (P1-7) raised in 2.3.

6. CONCLUSIONS
The heterogeneity depicted by wireless networks and spec-
trum availability in emergent cognition technologies means
that mobility management has got to deal with changing op-
erational environment, specifically availability of frequency
bands, by cognising the changes and adapting accordingly.
This article analyses the extended concept of mobility man-
agement and proposes a cognitive interface network to ad-
dress the challenges of supporting seamless connectivity in
heterogeneous interworking scenarios. Two scenarios namely

Consortium and Super Customer scenarios are presented.
A cognition cycle for mobility management and a high level
functional architecture based on context-awareness are pre-
sented considering design principles and operational scenar-
ios. To further clarify the concept, integration with the me-
dia independent handover function in IEEE 802.21 standard
is given. In addition, since the framework pro-actively re-
serves resources for impending handovers, then network re-
sources are not wasted and the user experience is enhanced.
Therefore, the proposed framework has the potential to ac-
count for the challenges in network and spectrum heteroge-
neous environments in a flexible and scalable manner.

We believe that this will inspire research efforts in tackling
overwhelming technical challenges in current and future in-
terworking technologies towards a holistic perspective. As
future work, we plan to devise the information flow protocols
and algorithms for optimal network resource reservation and
handover policy derivation in the connection management,
network resource allocation and RAT management compo-
nents of the proposed architecture.
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