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Abstract 

Originally, mobility in IP networks has been realised in a large scale only denoted by macro-mobility or 
portability. With the demand of terminal mobility without the interruption of ongoing sessions new 
mechanisms on the IP layer and below are needed to support the actual movement of a terminal, which 
comprises the fast association to access points in a small-scale or micro-mobility. Fast handover is a task 
that requires enhancements of the standard IETF protocol 'Mobile IP'. This task most probably also 
includes lower layer involvement. Within the context of the 5th European research framework IST 
(Information Society Technology) the project MIND (Mobile IP based Networks Development) develops 
and extends concepts for a broadband multimedia IP-based radio access network. Approaches for  
handover realisation over multiple air-interfaces, also commonly known as vertical handover, are 
presented to maximise efficiency and performance while keeping complexity and air-interface burden as 
low as possible. Requirements and proposed features to allow for seamless handover are analysed for 
UMTS and HIPERLAN/2 radio technologies for exemplary purposes. In this paper we present an 
approach for  complex L2-assisted L3-controlled handover of active connections, adaptation of media to 
changed bandwidth, QoS re-negotiation and re-authentication with minimum signalling overhead, as also 
covered within the MIND project. These concepts are presented and analysed with respect to efficiency 
whereby benefits of the proposed architecture are highlighted. 

1. Introduction 

Different to wired networks the available data rate for the air-interface, which is already limited by radio 
spectrum constraints, is reduced considerably as an impact of mobility. Therefore, advanced features to 
efficiently utilise scarce radio resources have to be implemented to fulfil the anticipated increase in data 
rates in the future. By means of adaptive transmission techniques, e.g. multiple transmit and receive 
(Multiple Input Multiple Output, MIMO) or adaptive antennas, allowing for utilisation of space diversity 
and with the help of fade counter-measures using enhanced modulation and coding schemes, an increase 
in frequency efficiency is expected. Further improvement is gained by using different radio and network 
concepts depending on varying user requirements and environmental conditions. On the long term such a 
deep integration of heterogeneous systems might be realised on the radio technique level by so-called 
software defined radio (SDR) [1] to enable terminal and infrastructure equipment to be compliant to 
different transmission techniques within heterogeneous systems as wide and local area networks. At 
present the interoperation of 2nd and 3rd Generation (3G) mobile cellular radio systems with Wireless 
Local Area Networks (WLANs) is considered in this respect [2]. An actually converging approach to 
integrate both systems is commonly denoted by ‘beyond 3rd generation systems’. Scope of such an 
integration are UMTS (Universal Mobile Telecommunication System) and HIPERLAN/2 (HIgh 
PERformance LAN) or future enhancements of IEEE802.11a. Generally two different levels of 
integration are proposed: A so-called 'loose-coupling' on the IP layer solely means inter-operation of both 
systems without major modifications. On the other hand in a 'tight-coupling' approach the HIPERLAN/2 
network is interconnected to the UMTS network  by means of the Serving GPRS Support Node (SGSN). 
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 A problem arises with the requirement for a seamless change of the point of access to the wired network, 
denoted as handoff or handover. Due to terminal mobility, but also due to varying users’ service 
requirements in terms of data rate or Quality of Service (QoS), HandOver (HO) is a great challenge. 
Especially if the handover shall be realised without recognition by the user (seamless handover). This 
paper addresses the aspect of handover provision as investigated in the co-operative European projects 
MIND and BRAIN (Broadband Radio Access for IP-based Networks). Although focussed on the radio 
technologies UTRAN (UMTS Terrestrial Radio Access Network) and HIPERLAN/2, the results are also 
transformable to other wireless access techniques.  

2. Handover aspects  

Traditionally, handover are required within cellular networks to support (seamless) service continuation 
during terminal mobility. However, also the degradation of the link quality to a stationary terminal due to 
increased interference or a traffic congestion-based network decision could cause a forced change of the 
radio resources. This might result in a change of radio channel, antenna, base station or access point. 
Furthermore, a varying customer demand might require to switch to a different air-interface with a 
different radio technique able to provide the envisaged service. As a mobile radio link generally exhibits a 
highly variable environment each change in the radio connection set-up includes the risk of unexpected 
quality degradation. To minimise the impact of a handover on service quality the corresponding algorithm 
should allow for low call dropping and call blocking probability. The handover blocking probability as 
well as the actual handover rate should be minimised thereby avoiding unnecessary handover, i.e. those 
stimulated though the existing radio link and overall network conditions are still adequate or those, 
resulting in a change to another access point with only negligible better service provision. Generally, a 
blocking of new connections is less annoying compared to disruption occurring during handover. 
Therefore, each proposed solution should also cover fall-back mechanisms to ensure service continuation 
in case of handover failure. This holds true for any Horizontal HandOver (HHO) within a system and 
inter-system handover or Vertical HandOver (VHO) between different wireless technologies. In the 3GPP 
(3rd Generation Partnership Project) standard for UMTS a VHO towards another 3G radio technology 
(e.g. cdma2000) or to GSM is already foreseen  to allow for a smooth migration between these systems. 
Contrary to an HHO a VHO generally will only be executable at definite locations (e.g. hot-spots) and has 
to consider specific aspects for both systems operating at the same time, thereby harmonising these issues 
and modifying existing or providing new higher-level elements for HO initiation, decision, execution, and 
control. 
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Figure 1 Heterogeneous network architecture 

A VHO between the air-interfaces of wide and local area networks as UTRAN and WLAN as shown in 
Figure 1 has been investigated in the framework of the project MIND. The UTRAN cells are set up by 



base stations denoted by NodeB, which are connected to the RNC (Radio Network Controller). WLAN or 
HIPERLAN/2 cells comprise a (fixed) Access Point (AP) with router functionality and the Mobility 
Gateway (MG) as the interconnecting edge router towards the backbone performing traffic scaling and 
shaping as well as mapping of service parameters. A VHO will imply different network technologies 
eventually in combination with  several administrative domains belonging to different operators, various 
QoS and AAA (Authentication, Authorisation, Accounting) granting methodologies, interference/channel 
resource availability, and traffic/capacity constraints. This is illustrated by the fact that HIPERLAN/2 
networks use a shared frequency band under license exempt conditions whereas UMTS frequencies are 
exclusively allocated to network operators on a national basis.  

Extensive investigations on this topic are currently under work in different European research projects 
like in Moby Dick, WineGlass or MIND (see [3]). E.g., in Moby Dick (Mobility and Differentiated 
Services in a Future IP Network) the focus is on QoS provision throughout different autonomous 
networks with decentralised QoS Brokers. For the VHO itself it is proposed that it is realised on IP layer 
by means of extensions and enhancements to the IETF protocol Mobile IP. WINE GLASS (Wireless IP 
NEtwork as a Generic platform for Location Aware Service Support) attempts a VHO to be dealt with 
macro-mobility based on Mobile IPv6, whereas existing access systems’ proprietary solutions for 
mobility are mainly taken into account. MIND investigates in detail VHO between UMTS and 
HIPERLAN/2 concluding that an efficient Layer 2 assisted, Layer 3 controlled handover has to be based 
on reliable measurement data and correspondingly derived relevant information trigger for a handover 
decision. One focus is on provision of location-related data, which is investigated also in the scope of the 
project CELLO (CELlular network optimisation based on mobile LOcation) [4]. Here, the underlying 
location technologies are considered, which are categorised in terminal- or network-based techniques and 
terminal-/network-assisted techniques where either the terminal or the network performs the position 
determination autonomously or both entities co-operate in this process. 

Different to the approach chosen within the Japanese project MIRAI (Multimedia Integrated network by 
Radio Access Innovation) [5], in which an additional access network with high reliability and coverage 
but lower data rate is foreseen to provide a common control and signalling channel, we focus on the re-
use of existing air-interfaces. The transmission of related signalling information thereby takes place either 
on (logical) control channels or in a piggybacked manner. This allows for transmission of information 
relevant for each corresponding alternative system. The issues of vertical handover focussed in the MIND 
project are mainly on HO triggers, protocol and architectural procedures for HO support, scanning 
procedures, provisioning of system information, QoS signalling and finally the usage of these 'tools' in an 
example scenario. 

With respect to system entities participating in initiation, decision, control, and execution of a VHO the 
underlying algorithms have to be analysed. In this respect a Network Initiated HandOver (NIHO) is of 
interest enabling efficient resource management. Especially if the different technologies are maintained 
by the same operator an inter-system optimisation can be achieved with the help of a central instance 
considering the overall performance of the whole system while keeping the burden of the single terminal 
to a moderate extent. Each type of user requires resources within a component of the hybrid 
HIPERLAN/2 - UMTS network. The amount of resources depends on her/his mix of different traffic 
requirements in terms of data rate, asymmetry and QoS. Furthermore, it depends on security aspects as a 
function of the terminals’ locations and current speeds. An optimised system performance results from a 
balance between capacity increase due to proper VHO decision and additional overhead due to required 
signalling and resource control. However, if the HO is mobile originated (MIHO, Mobile Initiated 
HandOver), the user has the freedom to potentially select the most suitable standard satisfying her/his 
needs in terms of offered service, energy-consumption or reduction of possible charges, especially if 
residing in a multi-operator environment.  

The successful performance of a seamless VHO is essential for a satisfying operation of next generation 
heterogeneous networks, in which a user and the applied service should be as far as possible unaware of 
the underlying enabling powerful infrastructure. Service continuity should persist in case of user 
movement between different network environments with as little intervention from the customer required 
as possible 

To achieve this the technique has to allow for low handover delay, small handover packet loss, provision 
of efficient signalling in terms of data overhead and path length, and support of network, traffic and 
service scalability. Generally, a pure layer 3 handover as it is specified in 'standard' IP mobility [6] would 



not be efficient enough. Consequently, lower layers should be involved. This is realised either by 
collecting trigger information or actively provisioning of relevant data measured autonomously by lower 
layers. 

 

3. Concepts for Vertical Handover improvement 

Within mobile cellular networks like GSM and UMTS or other 2G/3G systems the respective handover 
concepts are based on comparable mechanisms to provide continuous physical connection, to support 
QoS, and exchange AAA information. Different to mobile cellular systems, Ethernet-based WLAN 
networks rely mainly on the overlying IP technology. Hence, they require a powerful QoS management 
that has to maintain established QoS sessions  and reliably exchange AAA information across the routers 
while the node moves between different IP-subnets. 

In the following a short overview on proposed enhancements of IP level handover methods within the 
IETF (Internet Engineering Task Force) is given before the MIND approach is outlined.  

3.1. IETF approaches 

 The 'standard' IETF protocol Mobile IP (MIP) originally specified in the RFC 2002 and recently updated 
by the revised version RFC 3220, facilitates IP mobility characterised by the expression 'macro mobility', 
i.e. inter-system inter-domain mobility (portability). Proposed enhancements to the protocol to also 
support small-scale 'micro mobility' on IP level are considered in various IETF Working Groups (WGs) 
dealing with IP routing for wireless/mobile hosts. These concepts are either based on packet forwarding 
between newly introduced Proxy (mobility) Agents via IP tunnels or use "Localised Enhanced Routing 
Schemes", i.e. a per-node routing technique. A detailed overview on the work in progress covering also 
proposals like 'Hierarchical MIP', 'HAWAII', or 'Cellular IP' is found elsewhere [7]. In the following basic 
proposals to support seamless IP handover [8], especially for a wireless infrastructure, are summarised. 

The technology of Context Transfer is under discussion within the IETF WG SeaMoby (Seamless 
Mobility), which ensures a seamless re-establishment of the contexts associated with an active session. It 
deals with various features as security, QoS (e.g. Differentiated Services, DiffServ, or Integrated Services, 
IntServ, as needed), AAA data policy, header compression, and AAA information. An advanced context 
transfer procedure supporting real-time traffic is proposed that allows to transmit context information 
outside the timing critical path and uses Layer 2 (L2) information as triggers. Another concept deals with 
the issue of Candidate Access Router (CAR) discovery and enables the selection of the new target access 
router during a handover process. Corresponding approaches distinguish between anticipated (prior to 
handover), dynamic (at the time of handover), and hybrid (combination of both) CAR discovery. Specific 
issues in CAR discovery comprise the identification of GAARs (Geographically Adjacent ARs) and their 
capabilities. Another objective of this WG is to optimise the technique of Dormant Mode Host Alerting 
(DMHA) at the IP layer or 'IP Paging' to track a mobile that is in idle or dormant mode. Benefits of 
eventual L2 paging should be optimised, while keeping the impact on L2 paging at a minimum. 

Considering an inter-working between domains exhibiting different QoS solutions with respect to the 
complexity due to mobility and roaming the IETF working group NSIS (Next Steps In Signalling) 
investigates in requirements, architecture and protocols for a simplified QoS signalling. A set of scenarios 
illustrates the problem from various perspectives (access or core network) and for different areas 
(wireless or mobile environment) and allows for abstraction of the requirements for, e.g., the architecture 
and design goals, signalling flows, layering, performance, flexibility, security and mobility. 

Several other proposals to enhance the handover performance in Mobile IP are currently under 
investigation within IETF. Typically, this is achieved by reducing the handover latency of Mobile IP. 
Whereas Mobile IP strictly separates between L2 and L3 , the new approaches also consider interlayer 
aspects to support dynamic decisions on the actual procedure depending on the progress of L2 and L3 
handover completion. Further proposals simplify handover procedure by discarding prediction and 
minimising L2 triggers, and reduce the amount of service disruptions by bi- or n-casting the traffic during 
the handover phase. A mapping of some of these proposed L2 triggers to handover and paging in a 
cellular 3G system is sketched in [9]. However, up to now none of the HO drafts for heterogeneous 



networks above considers explicitly the specific design of the air interfaces. This gap is filled by the 
MIND project . 

3.2. The MIND approach 
The approach for vertical handover in the framework of the MIND project is focussed on the mechanisms 
and functions provided by the data link layer of HIPERLAN/2 and UMTS. Thereby, the concepts and 
proposals for macro-mobility (Mobile IP) and micro-mobility (Brain Candidate Mobility Protocol, BCMP 
[10]) are overtaken and modified where needed. With some future core network of UMTS ('Beyond 
Release 5') being based on IP standards at least for the packet switched domain the conducted work aims 
at specifying a link layer assisted and L3 (IP layer) controlled vertical handover between UMTS and 
HIPERLAN/2 and vice versa. A handover between different radio technologies has also to account for 
different offerings in terms of bandwidth, QoS, and traffic characteristics. Thus, a proper interface has to 
provide methods for continuation of active sessions, adaptation of transmitted content to changed 
bandwidth and resource allocation policy, QoS re-negotiation and mapping to actual radio channel 
quality, and re-authentication within the new network domain. For this task it has been proposed to 
connect different kinds of link layers and the IP layer by a generic interface termed 'IP to Wireless' 
(IP2W), which provides the IP layer with appropriate triggers from the link layer for mobility support. An 
IP Convergence Layer (CL) for H/2 specified within MIND [11] allows to efficiently implement the 
IP2W primitives to provide measurements or a qualitative indication of the link quality to the IP layer in a 
standardised manner. The architectural outline of the protocol stacks is shown in Figure 2, including a 
corresponding CL to be developed also for UMTS. By a pre-defined way a mapping of air-interface 
specific data, provided by the included triggers, to a common comparable information abstraction level is 
achieved. This allows for decision and verification of handover-related actions taken by the handover 
instance. All these functions should be performed with minimum signaling overhead. This relates to both, 
signaling via the air-interface between network elements like MT and AP, but also to signaling between 
adjacent layers inside of one single network element, in order to keep the required effort at a minimum 
and provide the desired advantage of heterogeneous network operation.  
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Figure 2: Proposed mobile multi-interface Host Architecture
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The algorithm-based triggers are directly involved in the handover decision making process. Examples of 
triggers of this class are QoS violation triggers, that indicate, e.g., bandwidth shortage to the higher layer 
or location-based triggers, which allow a location-aided handover process to take place.  Velocity-based 
triggers belong to the same class of triggers and are utilized within UTRAN to prevent high-speed 
terminals from access to micro cells within a hierarchical cell structure. Another example are so-called a-
priori-based triggers, which are based on already available information rather than on current 
measurements of received data. Imaging a train that moves along a pre-determined way, all active mobile 
terminals will be able to make a planned handover to the respective base stations located besides this 
route. A similar behavior exists on highways and streets where the movement is most likely correlated 
with the topology. 
Typically a combination of different triggers will provide best results in terms of reliability of handover 
decision and performance of the handover execution. 

3.2.2. Scanning 

Important questions to be solved are the means to provide the relevant information to trigger handover 
decision and execution. 

The functionality of measurement provisioning for the vertical handover directly impacts the 
HIPERLAN/2 and UMTS standards. To enable scanning of the alternative air-interface new procedures 
or modifications of existing ones are required. On the one side, to measure the link conditions in 
HIPERLAN/2 while being connected to UMTS the compressed mode in FDD mode and idle slots when 
using the TDD mode, have been identified to be appropriate to fulfill this task. On the other side it has 
been investigated how measurements in UMTS can be performed when connected to HIPERLAN/2. 
Because of different beacon periods and different frame duration in the different radio systems the 
requirements and pre-conditions for the measurements are limited. Hence, modifications have been 
specified for HIPERLAN/2 to support the scanning in UMTS, which require longer measurement periods 
than supported by the HIPERLAN/2 standard. In general, to be able to control the scanning from the IP 
layer, new primitives have been identified and specified, which manage the measurements in different 
radio systems. 
To take into account the requirement to minimize the overhead for signaling and to abandon the need for 
terminals concurrently operating in several modes, a new approach has been proposed. This approach is 
based on measurement provisioning solely conducted by mobile hosts that are operating on the respective 
frequency and in this cell. In combination with the location where these measurements have been made, 
the expected link conditions can be determined and measurements in other cells of different systems 
become obsolete. However, this requires location information and increased signaling overhead in the 
fixed network, where these measurement reports have to be exchanged between the systems. Moreover, 
this implies the introduction of location based triggers, which were already covered above as example for 
algorithm-based triggers in the previous section. 

3.2.3. VHO between UMTS and H/2 

For illustrative purposes an example for a typical VHO situation, the corresponding ways of measurement 
and information provisioning, and HO triggering are described in the following: 

A business person equipped with a future multi-mode PDA (Personal Digital Assistant) allowing for 
communication via UMTS and HIPERLAN/2 (H/2) is approaching a typical 'hot spot' area (e.g. 
conference centre) by vehicle (e.g. bus or train) and will leave the location again after a while. During the 
whole time a session between the terminal and the corporate network should be active allowing for access 
to a data base, e-mail account, voice telephony and, posing the highest quality requirement, an interactive 
real-time video conference. 

During the journey an active session is realized via UMTS with each application mapped to a specific 
service class. Due to data rate constraints, however, the video conference  will offer only a reduced 
resolution. As long as the terminal is moving with vehicular speed physical-based triggers like signal 
quality or error ratio measurements reports assist at the horizontal handover decision between adjacent 
UMTS cells. At the same time algorithm-based triggers as e.g. the velocity-based trigger prohibit 
attempts to access local micro cells of each radio technology. After arrival at the destination a location-
based trigger indicating the presence of a WLAN coverage or a service availability trigger notifying the 
user about the offered capacity of the alternative technology, initiate a vertical handover to the H/2 
system. In combination with a physical based trigger (e.g. signal strength), the reliability of the handover 



decision will increase. All these triggers might originate at the fixed network side, based on previous 
measurements, and thus reduce the terminal complexity.  
After slight modification of the information elements broadcast by the UMTS cells to deliver the system 
information and within the corresponding handover-related RLC protocol stacks an effective collection, 
respectively exchange of the required information is possible. As the process that decides about the 
vertical handover execution is located in a higher layer, the generic IP2W interface is required with its 
primitives to provide the relevant internal information exchange. Once the handover initiation was 
triggered, the association procedure to the new and the disassociation procedure at the old serving station 
is performed. After these procedures, the handover has been completed successfully and the applications 
continue over the other radio technology - in this case offering higher data rate and granting the required 
quality by its differing methods. 

 

4. Heterogeneous system performance estimation 

In general, the combination of local and wide area wireless networks like H/2 and UMTS has a big 
potential to result in a more efficient allocation of transmission capacity fitting the users actual needs. 
Especially, from a network operator point of view, the common management of available resources in 
terms of UMTS- and H/2-frequencies allows for a more flexible utilisation and by reducing the required 
back-up capacity for a higher throughput. 

This is illustrated by a rough estimation sketched in the following. We consider the downlink case only as 
this is often the more critical link. MTs in UTRAN macro-cells, which are located near by the Base 
Station (BS), are substantially affected by intra-cell interference on the downlink due to the high 
transmission power required for MTs situated far away and a reduced power control range, unless the 
orthogonality of the different user codes is completely preserved [12]. This phenomenon is connected to 
the so-called near-far effect in spread spectrum systems. Also, in close distance to a radio tower the 
reception quality is often reduced due to low antenna tilt at the station above rooftop height. Thus, a 
connection to a neighbouring base station is set up requiring however higher signal power and increasing 
overall system interference. Both situations improve in case that such a terminal is handed over to a local 
WLAN cell. On the other hand, in H/2 the increasing pathloss for MTs in a distance far away reduces the 
C/I value and in turn allows only to utilise lower modes of modulation. Thus, if an UMTS BS is 
collocated with an H/2 AP, terminals situated next to this site should - either based on a network decision 
or on own measurements - switch to the WLAN technology to benefit from the most suitable link-
conditions. Also, users at the edge of the H/2-cell might switch to UMTS providing a better performance 
for higher terminal speeds as long as the data rate of UMTS is sufficient. The combination of both 
systems avoids low performance connections enabling the overall capacity and throughput to be 
enhanced. Moreover, with the suggested VHO approaches it is expected to minimise potential 
deterioration of service quality due to delay and data loss, as is especially required in heterogeneous 
networks [13]. 

Additional terminal complexity and power consumption due to parallel operation of alternative radio 
interfaces is reduced by focussing information collection on the actively currently used technology and 
performing data processing and decision at central network entities. Therefore, terminals only measure 
and report link quality information in the cell they are currently operating in. For handover preparation 
the respective terminal relies on measurements performed by other terminals in the potential target cell 
with the same or different air-interface technology. Thus, the scarce frequency resources are free for user 
data transmission and are used at the same time for link performance measurements without additional 
signalling traffic. Especially, for systems operating in a TDD mode of operation the channel / link 
conditions can be assessed by the received user data at the BS/AP because of the reciprocity of the 
channel, and the interference at the receiver can be estimated by the number of re-transmission attempts. 
However, link performance values can be transmitted piggybacked with user data also increasing the 
efficiency of the exchange of measurement reports. This approach, however, requires additional network 
entities like decentralised mobility data bases and correspondingly extensions of existing signalling 
protocols as well as specification of new ones. The reliability of the information stored at the data base 
depends on the dwelling probability of other users at a site, especially in case when there are only a few 
high user data rate connections available. On the long term, however, results of a statistical evaluation of 
time- and location-dependent traffic profiles promise to provide additional input to this data base with 
increasing accuracy.  



The evaluation of a techno-economic model for seamless IP service via a mobile network consisting of 
UMTS complemented by a WLAN infrastructure has been performed in co-operation of the projects 
MIND and TONIC. Different national characteristics as large or small European country, with differing 
3G license costs, usage characteristics, penetration rate, and tariff policies have been considered. The 
yearly investments and running costs are compared to the expected cash flow in both cases, i.e. with and 
without deployment of WLANs. The results shown in [14] clearly demonstrate the profitability of the 
required investment and a slightly reduced payback period in case of WLAN-UMTS inter-working.  

5. Conclusion  

In this paper aspects of handover in the framework of provisioning IP-based broadband services for 
mobile users are presented. It has been demonstrated that the seamless integration of services delivered 
over 2G/3G mobile networks and over a compatible WLAN system is an important feature for future 
radio systems. It enables operators to deploy broadband services in dedicated regions while realising 
connectivity in the remaining service area by means of UMTS. In this paper  main aspects of the so-called 
vertical or inter-technology handover, i.e. the handover between different radio technologies, are 
discussed with respect to an all-IP based network environment. Several requirements for the vertical 
handover have been listed, e.g., that the user can move between H/2 and UMTS cells with no intervention 
of the user without service interruption. Moreover, the service and QoS parameters of the established 
connections should be maintained in the new sub-net.  

To support an efficient handover requiring as little intervention from the user as possible, granting a 
performance characterised by low latency and data loss, reduced power and overhead consumption the 
handover mechanisms on the network layer should be enhanced. This can be directly realised by triggers 
coming from the link layer for mobility support. Seamless integration of various operating environments 
requires support of service aspects as QoS and AAA on IP level and provision of features on link level to 
enable decision, execution, and control of VHO. Within the MIND project an approach to improve VHO 
performance between UMTS and HIPERLAN/2 by allowing for efficient measurement of the enabling 
network parameters was investigated and enhancements to existing mechanisms are proposed. Though the 
investigations have been performed choosing as wide area cellular mobile system UMTS, and as local 
wireless network the WLAN technology HIPERLAN/2, the generic approach could be extended similarly 
to other existing or future radio systems, e.g. low-range Bluetooth™ technology or broadcasting systems 
as DAB and DVB-T. Thus, the presented investigations are in line with future mobile communication 
systems "beyond 3G" commonly considering an integration of heterogeneous systems with 
correspondingly enhanced features. 
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