
SYNOPSIS 
New advances in software and hardware telecommunication technology 

are contributing to a new generation of technological tools that are causing great 
impact in the business sector. These new technologies allow mobile device users 
to freely roam across cellular and local wireless networks. 

 On this new scene, the term “mobile technology” refers to the set of 
devices and tools allowing us to carry out a certain activity, regardless of our 
current location. 

The growing usage of mobile services enable a new set of services which 
are helping developing new business models and applications, contributing in 
this way to the economic grow of the global society. Services such as online 
business or cloud services are increasingly evolving, being pushed forward by 
newly created start-ups that contribute to the economic growth. In such scenario 
is of vital importance to continue the research on mobile enhancements that will 
offer services to satisfy the upcoming user requirements. 

The extensive usage of mobile phones and the requirements in terms of 
bandwidth from the mobile users has made possible the proliferation of different 
wireless technologies, providing a wide range of transmission characteristics 
adapting to all possible scenarios. 

This different existing networks provide necessary cover for users to have 
an internet access point which will allow them access to the different services 
provided by the operators. 

When a user sets up a connection, it is important that he is connected even 
while moving to a different place. During this movement, the user may leave the 
coverage area provided by the operator requiring to transfer the communication 
to a new point of attachment, or the communication will be interrupted.  This 
process is known as hand off, i.e., transferring the communication from one 
access point that will shortly stop working to another one that will continue to 
provide the resources necessary for communication. 

A handover is defined as a process in which a mobile node exchanges the 
access point it is attached to in order to improve its benefits. These handover can 
be carried out between access points of the same link or technology, which we 
will call horizontal handovers, or between access points of different technologies, 
which we will call vertical handovers. 



The realization of a handover between technologies on a device means a 
period were the connection gets lost. If this time is long enough, it will cause a 
disruption on the communication, which severity will depend on the nature of the 
communication. As the handover delay is a critical metric that marks the quality 
of a communication, the IEEE 802 finalized in 2008 the specification IEEE 
802.21, focused on optimizing the handover across heterogeneous technologies. 

 The standard IEEE 802.21 defines mechanisms that allow the 
optimization of the handover between heterogeneous networks. These 
mechanisms are based on information message exchanges, enabling the 
preparation in advance of the handover, hence reducing the amount of time spent 
disconnected to the minimum possible.  

This standard, also known as Media Independent Handover Services 
(MIH) has the purpose of making a better experience for the user while roaming, 
specially between those that have different types of technology and belong to the 
802 family, included the wireless and the wired nets, which, also guaranties 
coexistence with cellular technologies. This is performed by introducing a middle 
layer, called Media Independent Handover Function, providing media 
independent services to the higher layers (connection managers at the terminas) 
and abstract media dependant interfaces towards the lower layers. 

IEEE 802.21 optimizes the handover by defining a framework able to 
provide updated information regarding link condition and available network 
capabilities and characteristics. Through the use of this information, the 
connection manager in the terminal is able to make the better decision in terms of 
access target network selection. 

The functionality provided at the terminal is complemented by 
functionality deployed in the network. This functionality enables on the one 
hand, the storage of network selection information in a central server in the 
network. On the other hand, this functionality also provides mechanisms for the 
nodes in the network to talk and prepare in advance the terminal handover. 

To finalize the description of IEEE 802.21, it is worth to notice that the 
specification provides three main services: i) the Media Independent Event 
Services, providing link layer triggers supporting information exchange between 
the lower and the higher layers of the terminal, ii) the Media Independent 
Command Service, enabling the higher layers to issue commands to control and 
manage lower layers and iii) the Media Information Service (MIIS), providing 
information about the surrounding networks.  



Although the IEEE 802.21 specification was finished in 2008, its current 
state of deployment is very limited. At this point of time, it has been evident that 
the complexity of the specification and the burden it poses to the terminal in 
terms of computation and storage are too high. This is one of the main problems 
that are diminishing the deployment of this technology. 

That is the reason why currently the IEEE 802.21 working group s looking 
at ways of using some parts of the specification, specifically the Media 
Independent Information service, without having to implement the complete 
standard in the mobile terminal. 

With this problems in mind, the IEEE 802.21c task group (single radio 
handover) is focusing on providing a mechanism for accessing the MIIS without 
the need of implementing the whole IEEE 802.21 specification in the terminal. 
The idea chosen takes into account a mechanism provided by IEEE 802.11u, 
which enables the use of an access point as a proxy to some information 
repository.  

This standard defines the use of the protocol Access Network Query 
Protocol (ANQP), to communicate with an access point which in turn will 
communicate with an information repository, in our case the MIIS, accelerating 
in this way the discovery of neighbouring networks. This would allow the mobile 
terminal to access the MIIS without having to implement the IEEE 802.21 
specification on the mobile nodes.  

The mechanism designed in IEEE 802.21c is depicted in the following figure: 

 

 

 

 

 

 

 

 

 

 



Nevertheless, the designed solution is not exempt of challenges, being the most 
important one the assumption of a perfect match between the ANQP query 
elements and the Information Elements provided by MIIS. 

The core of this project is focused in two aspects: 

• Study and identification of the main challenges on providing access to 
the MIIS through ANQP. 

• Design and implement extensions to ANQP enabling the transport of 
the MIIS Information Elements.  

This information would help us to provide the terminal with the information 
of the multitude of networks to which the user can potentially connect to, since 
we would have knowledge of all the available networks, technology used, 
services offered and the quality of services that can be offered to the mobile user 
As an example, the service will provide to the user a list of all the wifi networks 
available but instead of offering a simple list of all the ESSIDs it can be offered a 
list of networks providing the specific services required by the user, such as VoIP 
quality, emergency service and so on. 

The proposed solution involves the introduction of new ANPQ elements 
providing information about available networks inside a specific area indicated in 
the query and referring only to a type of specific technology which may be 
different from the IEEE 802.11. 

In addition, we also need to modify the Query/Response mechanism of 
ANQP (specifically we modify the transport protocol used by ANQP, called 
Generic Advertisement Service or GAS), providing a new batch query method 
enabling the reception of larger information blocks. 

To remain backward compatible, we do not modify the standard 
advertisement mechanisms of GAS, only extending them. Hence, we will 
continue to obtain, from the access point, the information relevant to its GAS 
capabilities through the presence of an INTERWORKING in the beacon or in its 
probe response. If the interworking element appears, we can be sure that the GAS 
protocol can be used. Furthermore, inside this IE interworking, we will know that 
ANQP can be used if the element ADVERTISEMENT exists. 

Once the mobile node knows that the access point has the capacity for the 
GAS protocol, it will send a GAS Initial Request to the point of access with the 
ANQP question required, said access point will obtain the necessary information 
from itself or from the MIIS as established in the 802.21 standard sending a 



Get_Information request message to the designated MIIS, which will in turn 
receive a Get_Information response. 

Once said information is obtained, all the necessary GAS packets will be 
implemented to answer the question. 

In this way, the mobile terminal will benefit from the services of extended 
discovery provided by IEEE 802.21 Information Services, without the need of 
implementing this protocol in the terminal. This will reduce the cost of the 
terminal. 


