
 
 
 

 
 
 
 
 
 
Abstract: 
 

The aim of this report is to identify key technologies for the advancement of mobile 
 satellite systems and study the necessary research and development actions. 
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ASMS TF DISCLAIMER 
The purpose of the ASMS Task Force report is to give general regarding the activities of the ASMS 
Task Force. The material in the report does not purport to contain either a comprehensive view, or all 
the information that may be relevant when considering advanced satellite mobile systems. No reliance 
should be placed on any of the contents of these pages.  

In particular, the information:  

• is of a general nature only which is not intended to address the specific circumstances of any 
particular individual or entity;  

• is not necessarily comprehensive, complete, accurate or up to date;  

• may be linked to or derived from external sites over which the ASMS Task Force has no 
control and for which the ASMS Task Force accepts no responsibility;  

• is not professional or legal advice.  

Whilst reasonable efforts are made to keep the content of the ASMS Task Force report accurate to the 
best of its contributors' current knowledge, no warranty or representation of any kind, either express or 
implied, is made in relation to the accuracy, completeness or content of the information contained in 
these pages. The ASMS Task Force and its officers, members and advisers accept no responsibility or 
liability for material contained in these pages. The ASMS Task Force report may include technical 
errors, typographical errors or other inaccuracies.  

Whilst links may be provided to or from other websites, the ASMS Task Force does not guarantee, 
approve or endorse the information or products available on any other site, nor does a link indicate any 
association or endorsement.  
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Executive Summary 
This report is the outcome of a specific activity within Working Group 1 of the ASMS-TF.  

The purpose of this document is threefold. Firstly, there is a significant benefit in outlining 
the state of the art of the present systems and technologies, which serve as a base for an 
evolutionary approach, to ensure smooth transitions and risk containment. Secondly, it is 
necessary to identify areas of potential improvement and innovation, which include not only 
weaknesses but also those items which are satisfactory and therefore do not lend themselves 
easily to further exploration. Thirdly, it is remarkably important to sketch lines for future 
R&D efforts, which can be used to set up consortia of industries and academic partners to 
respond to open invitations to tender and/or to participate to EC framework programmes. 

The report is structured into 8 chapters. Chapter 1 is devoted to an introduction to short-term 
and long-term research endeavours. Chapter 2 describes the motivation for enrolling into a 
specific R&D arena, considering an evolutionary approach, convergence of broadcasting and 
communications, and the coverage extension scenarios. In addition, a mapping of the topics 
identified by the commercial group into the chapters of the report is provided. The above-
mentioned broadcast/communication convergence is addressed in detail in Chapter 3, with 
references to the numerous projects active in this area, aiming at operational system 
deployment in the near term (4-5 years). Specific techniques aimed at improving spectral and 
power efficiency of future mobile satellite systems are the focus of Chapter 4. Here, adaptive 
modulation and coding techniques, fade countermeasures, dynamic spectrum allocation, 
multi-user detection techniques are considered in depth. In addition, the exploitation of higher 
frequency bands is given some careful thought. The crucial aspects related to MSS terminals 
are considered in Chapter 5, where a full range of equipment is described, from palmtop to 
handheld, laptop, vehicular, maritime, and aeronautical. Also the integration of navigation 
functionalities is included as a quasi-mandatory requirement. Services and network 
architecture are addressed in Chapter 6. A very useful mapping of the ASMS vision over the 
functional network architecture is provided, considering stand-alone networks, T-UMTS and 
S-UMTS integration, and broadcasting extension of T-UMTS. After outlining services and 
service architectures, a full list of R&D items is presented. Space segment aspects are the 
subject of Chapter 7: large antenna reflectors, spot beam technology, and feeder link antennas; 
on-board processing, and payload accommodation issues; inter-satellite links; data relay 
issues. Conclusions and R&D priorities are reported in Chapter 8. At the end of the report, the 
home pages of several active projects are listed. 
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1 Introduction 
The aim of this report is to identify the key technologies for the satellite mobile systems of the 
future, and to study the necessary research and development actions needed to ensure the 
timely availability, and commercial success of these systems. This report does not aim to 
identify all relevant areas, but highlights specific topics which are felt to be particularly 
important. In developing this report, care has been taken to ensure that commercial 
requirements are taken fully into account. The content of the report will be reviewed and 
updated within the Task Force from time to time. 

It is expected that this report will form the basis of future R&D activities in the mobile 
satellite area, and that in particular it will be used by ESA, EU and individual Task Force 
members to determine the content and focus of future programmes. 

In chapter 2, a very short overview on the commercial requirements and the different 
approaches for future mobile satellite services will be given. Chapters 3-7 highlight in detail 
different research areas, while chapter 8 contains the conclusions and an attempt to prioritize 
the research topics.   

In the report two different time scales for R&D have been identified (see 1.1 and 1.2 below). 
It is important to understand that these timescales reference only when the first results need to 
be commercially available, and not when the research has to be started: this is especially true 
for space segment R&D.  

1.1 Short Term Research 
The short term research focus applies to the period up to year 2004/5,  i.e. technology should 
be available for application within the 2004 time frame. In this time frame falls the 
continuation of the ROBMOD project, which focuses on developing a UMTS compatible 
satellite system, the Inmarsat IV system, and the extension of  already deployed systems  such 
as Globalstar, Thuraya and Astra/Eutelsat. The key research areas are on the one hand, the 
terminal aspects and on the other hand, the ground network structures, which have to cope 
with an increasing demand for data (packet) services. The space segment R&D needs a longer 
lead-time, which is why it is typically  treated as long term research; however, the high 
priority space segment R&D has to be started immediately, otherwise it will come too late for 
the up coming satellite generation after Inmarsat IV.  

1.2 Long Term Research 
The long term research focus applies to periods beyond 2004/5, perhaps up to the year 2010. 
Technology should be available for application within this time frame. Developments which 
could have an impact in this time-scale are the next generation of satellites with enhanced on-
board processing facilities, the utilization of the Internet protocols also for voice, QoS 
selection and network management. It has to be stressed that due to the long lead-time, 
especially for the space segment, high priority tasks from this group have to be started 
immediately, to give results in  the required time frame. 
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2 Motivation of Research Directions  
As in the Vision document of the ASMS Task Force,  3 principal (and complementary) 
opportunities for future MSS services are envisaged: 

• Extension of existing mobile satellite services, esp. increasing capacity and achievable 
bit rates, focused on niche markets (the “evolutionary approach”) 

• The convergence of broadcast with MSS services and the advent of multicast services 

• Coverage extension for mobile terrestrial networks, resulting in a higher integration of 
satellite networks with terrestrial networks and the internet 

Concerning the applicable frequencies, the focus for the evolutionary approach is on the L-
Band, whereas for coverage extension of terrestrial networks and for the broadcast to 
handheld devices, S-Band is assumed. For the extension of the capacity for broadcast services 
to laptop terminals also Ku band has to be considered in the downlink direction. A further 
point which needs to be taken into account for the longer term research is the Ka-frequency, 
which may be interesting for certain types of services e.g. for transporting aggregated, high 
data rate content.  

Based on these trends and also long term developments, requirements for future services have 
been identified in the Commercial Group [CG01]. In parallel, the Technical Group has started 
to develop different visions of how the architecture of future systems could fulfill these 
requirements [TG01]. Based on both reports, this chapter tries to derive necessary research 
issues from the commercial requirements. 

2.1 Evolutionary Approach 
The evolutionary approach can perhaps be best thought of as steadily improving the existing 
mobile satellite systems.  

The cost and limited capacity for a mobile satellite component, requires  the best possible 
system design for the mobile satellite access network,  with the aim of serving  the largest 
possible volume of users with the lowest possible utilization of satellite resources for the 
required QoS and service portfolio.  
 
A system which does not aim towards a handheld dual mode scenario, and therefore does not 
have direct synergies in utilizing cellular technology  for terminal design and production, 
should have the main focus on satellite system design to facilitate maximum efficiency and 
lowest possible end-to-end user pricing with acceptable margins. 
Thus the main focus elements are: 

i) Optimal satellite radio interface  
ii) Optimal satellite core network structure to support services, access control, 

mobility management, billing etc in the most cost efficient way 
iii) Development of standards, platform concepts and technology that support 

functional modular inter-working. Main goal is to achieve cost savings by  re-
using  available low cost modular elements.  

      iv)      Development of optimized and cost efficient terminals    
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2.2 MSS role in the convergence of broadcast and 
telecommunication services 

Since a satellite can easily serve large areas, broadcast is one application very well suited for 
the satellite business. The Task Force Vision document explains that the convergence of 
broadcast and point-to-point connections, and the advent of concepts like multicast, opens 
new possibilities for the MSS market. Different solutions seem to be possible, especially in 
regard to the integration of the network elements, be it either satellite or terrestrial based.  
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Therefore different approaches have to be researched, in order to find optimal solutions for 
the integration of MSS and broadcast/multicast services, including also terminal, frequency 
and application aspects.  

2.3 Coverage extension with integrated terrestrial network 
In contrast to the evolutionary approach, the aim here is to come to a solution with the highest 
possible integration of the satellite and terrestrial systems. One promising candidate in  
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this direction is the IMT-2000/UMTS-vision of a fully integrated system, even to the extent of 
using the same (dual-mode) terminals.  

 

 

 

 

2.4 Topics identified from the Commercial Group 
The following topics have been identified in the commercial requirements document by the 
Commercial Group [CG01]. In the following table a mapping to the applicable chapters in 
this report is given. A more detailed mapping can be found in Appendix A.  
 

ASMS COMMERCIAL Requirement APPLICABLE R&D Main Chapter 

Service Platforms / Terminals chapter 4 & 5 

Mobility Management and global service 
availability 

chapter 6 

Interworking chapter 6 

IP Technology  chapter 6 

Network Resource Management chapter 6 

Network Management chapter 6 

MSS Integration with satellite broadcast 
technology  

chapter 3 
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3 Convergence of Multicast / Broadcast and 
Telecommunication services 

The concept to send data in multicast / broadcast mode towards a group of users using a 
satellite based system takes advantage of the satellite inherent capability in providing 
broadcast/multicast services over global coverage.  
Two different approaches may be followed: 
• The first one is oriented towards niche markets: broadcast of large capacity to specific 

mobile terminals could be performed using different bands e.g. Ku or Ka-Band, in 
conjunction with the L/S-Bands. An important R&D topic is therefore the development of 
cost efficient multi-band terminals (see 5.1).  

• The second one is oriented toward 3G users mass market with  full integration of these 
services in a 3G mobile environment, where broadcast/multicast (using satellite) and point 
to point communications (using terrestrial infrastructure) are in the same frequency band. 
This will require the use of the L/S band, compatible with standard UMTS terminals. In 
that case, the satellite terminal has to be as close as possible to the standard terminal, in 
regard to the offered services, as well as for the underlying technologies.   

R&D issues addressing more the first item are found in section 3.5. The remaining part of this 
section deals only with a mobile satellite system supporting broadcast/multicast services, 
operating in the same frequency band as IMT2000 terrestrial mobile systems and addressing 
3G users.  

The concept of overlaying 3G mobile networks with broadcast and multicast capabilities is 
gaining increasing interest because many mobile entertainment services will directly address 
the challenge of handling heavy asymmetric traffic towards large audience at low prices.  
  
The kind of material that could be delivered in broadcast/multicast includes: 

• Most popular web sites (broadcast), either on carousel or update driven  
• Subject specific web sites (multicast), e.g. finance related, corporate material 
• News casts: audio/video clips (broadcast & multicast), either on a carousel or update 

driven 
Services can be tailored to public multicast groups on the basis of common interests or closed 
user groups for corporate content. 

In the following subchapters some specific topics related to this are examined. 

3.1 Commonality with the terrestrial technologies  

3.1.1 Air interface  
Commercial studies indicate that the complementary service delivery concept based on niche 
markets is not enough to support the 3GPP based S-UMTS deployment. Therefore there is a 
need to target the mass market based on the cooperative service delivery basis, using the 
unique features of the satellite such as wide area coverage etc. On that basis, broadcast and 
multicast services are considered as promising candidates for S-UMTS services. Thus, the 
objective is to use satellite to provide the 3G broadcast/multicast component. 
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Open issues: 

In order to address the same 3G terminal as T-UMTS, the air interface of the satellite 
component must be the same as T-UMTS. Optimization of the various signaling has to be 
performed, but it has to be done in coordination with 3GPP work performed in the frame of 
broadcast services.  

On going research projects: 

MoDiS (EC) [MoDiS03] watches closely the on-going standardisation effort done in the 
scope of MBMS, which is the 3GPP group dealing with Multimedia Broadcast/Multicast 
Service. 

ARTES III studies (ESA) investigate W-CDMA as a possible wave-form  for satellite 
multicast/broadcast. 

Short Term Goal: Development of a standardized air-interface to be used for broadcast and 
multicast applications, one approach to be based on the T-UMTS 3GPP specifications, a 
second approach to be based on future 4G waveforms. 

3.2 Integration with the terrestrial networks  

3.2.1 Terrestrial repeaters/Gap fillers for broadcast 
One of the main concerns with regard to mobile satellite systems is their limitation of link 
availability in mobile environment when there is blockage of the radio link. This mainly 
happens in urban areas, and especially in case of in-building terminal location.  

State of the Art: 

Hence it is considered that terrestrial repeaters are the best solution to solve the problem of 
urban area satellite coverage. If the signal transmitted by the satellite to the repeaters is the 
same one as the signal sent to the terminals, and is therefore designed to operate in a 
multipath environment (such as CDMA, or OFDM), then the terrestrial repeater may be 
simply an amplifier (w/wo frequency translation) of the satellite signal. Another solution is to 
use two distinct signals from the satellite: one for the repeaters and another one for the 
terminals. In this case, the signal transmitted by the satellite may be optimised for this usage, 
and then not designed to operate in a multipath environment (such as TDM); a consequence is 
that this processed terrestrial repeater will have to change the modulation of the signal, and 
use another frequency band. 

Open R&D issues: 

The current models used by the 3G radio planning tools take into account outdoor and indoor 
penetration for signals emitted from terrestrial Node B. Signals emitted from satellite are not 
taken into account. 
The architecture of a processed terrestrial repeater has to be studied in reference to the 3G 
Node B. 
In the case of transparent repeaters, two types of architecture are to be studied depending on 
the targeted coverage area: on channel repeater (single frequency amplifier), and down 
conversion repeater (satellite downlink in C/KU/KA band, and conversion in L/S band). 
In all cases, issues such as repeater functionality and complexity, spectrum allocation and 
possible co-siting with 3G Node B need to be investigated.  
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On going research projects: 

MoDiS (EC) investigates synchronisation issue between terrestrial repeaters and satellite 
signals. 

Artes III studies (ESA) investigate at a preliminary level the protocol and functional 
architecture  of the terrestrial repeater. 

Short term goals: 

There is a need for improved models of building penetration by satellite signals in UMTS 
radio planning tools. 

The definition of the repeater architecture has to be done. A comparison between processed 
and transparent terrestrial repeaters has also to be led, taken into account technical, 
economical and operational constraints. 

3.2.2 Service Center 
The main additional functional entity introduced in MBMS is the Broadcast Multicast Service 
Centre (BM-SC). Its functions include: 

 Authorization / Authentication / Accounting of content providers. 
 Checking data integrity of data received from content providers. 
 QoS setting for MBMS transmissions (within operator configured QoS bounds). 
 MBMS data scheduling functions, with data repetition and error resilient schemes to 

cope with possible transmission loss. 
 Functions to allow a content provider to select multicast areas for a MBMS service. 
 Support for several MBMS services taking into account their respective delivery 

constraints. 
 functions to produce service announcements for the UE.  

 

Open R&D issues: 

The BM-SC does not include functions such as optimised routing between terrestrial and 
satellite link. 
 

On going research projects: 

MoDiS (EC) watches closely the on-going standardisation effort done in the scope of the 
3GPP MBMS group. 

Short term goals: 

There is a need to study the optimised routing between terrestrial and satellite link for any 
content to be delivered taking into account the required QoS and prices objectives. The impact 
of this new function on the other BM-SC functions is also to be carefully examined, and, 
standardised when relevant. 

3.2.3 Terminal 

One external influence that needs to be examined is the potential migration of communication 
networks to a broadcast based architecture.  

Content of all sorts are moved as close to the edge of a network as possible so as to reduce the 
load on the core network. The extreme version of this approach is to deliver all content to the 
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user terminal in broadcast mode and run a local client-server application to give access to the 
stored data. An intermediate possibility consist in adding some filtering capabilities to the UE, 
forming what may be called a Personal Video Recorder. 
 

State of the Art: 

The state of the art on the terrestrial side is represented for fixed terminals by the new 
generation of TiVoTM boxes for the recording of digital TV and new receivers for Satellite 
Interactive Terminals (SIT) and Satellite User Terminals (SUT) in the FSS domain (see e.g. 
ETSI EN 301 359 and EN 301 358). 

Open R&D Issues:  

The ability to receive and store permanently broadcast data in the terminal is limited by the 
ability of the terminal to run 24 hour a day (electrical consumption issue), to store big amount 
of data in small and low-cost devices, to receive these data where the user is most of the time, 
hence in-door (see 3.1.2). 

On going research projects:  

SATIN-7 (EC), for fixed multimedia kiosks. CODIS and work on next generation TiVo 
boxes. 

Short Term Goal: 

Work is needed on the following user terminal characteristics: 

- Intelligent/adaptive filtering capability 
- Large storage capacity  
- Implications of ‘Always-on’ operation (ability to filter the content at physical level, to save 
consumption hence autonomy) 
- Robust content management capability that can cope with erroneous or truncated data 
- Secure (fraud proof) and manageable Conditional Access capability  
- Alerting capability for some content types, e.g. urgent road traffic reports 
- Integration of all these features into a low-cost handheld terminal 

3.3 Required tools to ensure convergence  
There is today several initiatives dealing with convergence of broadcast/multicast mode with 
the 3G telecommunication mode.  
These are to be supported on one hand by ad hoc simulation tools, on the other hand by an 
Interoperability platform for Mobile Systems. 

3.3.1 Simulation tools  
Simulations are needed to characterize the benefit of candidate evolutions of the standards.  

3.3.2 Interoperability platform for Mobile Systems  
Each initiative dealing with convergence of broadcast/multicast mode with the 3G 
telecommunication mode is based on specific requirements, architecture (satellite, terrestrial 
repeaters), standards (UMTS, DVB) and specific components, but will have most likely to 
coexist. 
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Open R&D Issues:  
It is necessary to identify, define and standardise when relevant the interoperability issues 
between mobile systems, especially between the satellite-based systems and the other ones. 
This includes physical, access, network and application issues at both technical and 
operational points of view. 
 
On going research projects:  

MoDiS (EC) defines a simple platform which may be considered as a candidate first step for 
this interoperability platform. 

Short Term Goal: 
Identify, define and standardise when relevant the interoperability issues between mobile 
systems. 
 
Develop an interoperability platform allowing to test and demonstrate the interworking of 
different mobile system solutions for broadcast/multicast, including satellite ones. This 
platform will have to deal with Network issues such as IPv6 migrating, test of new 
applications, as well as evolutions towards wave-forms envisaged in terrestrial mobile  

3.4 Application enabling technologies  
For the time being, there are no approved standards within 3GPP for broadcast and multicast 
services. However, discussions are on-going in the MBMS group with the aim of 
implementing such specifications, and are expected to conclude by mid-2004. The ASMS 
community should contribute, since it will have to follow the work performed by 3GPP in that 
domain.  

3.4.1 Reliable transport 

There is a need for a kind of transport protocol to ensure the reliable reception of the content. 
Applications which are most sensitive to this aspect are software distribution and cache 
update as well as consistency functions for duplicated data bases.  

Open R&D issues: 

Most of the research done up to now has considered the availability of a perfect return 
channel, which is not the case in a satellite environment. For land-mobile applications, 
adaptive solutions are needed, which can cope with the time-varying aspect of the channel, 
see also the sections 4.3 and 6.4.4 on Transport layer packet coding. A further consideration 
for multicast is the security and encryption aspect (see also the section on IP Security and 
Authentication Aspects 6.4.3.4). 

On going research projects: 

On going research projects are ATB (ESA), GEOCAST (EC), GCAP (EC), SATIN (EC) and 
MoDiS (EC). 

Short term goals: 

Define, implement and standardise a reliable transport protocol and algorithm taking into 
account the satellite mobile environment.   
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3.4.2 One to Many multimedia Applications for Mobile Systems  
The broadcast/multicast mode is perfectly adapted to the delivery of rich multimedia content 
targeting a large audience. A lower traffic fee allows to increase the content providers revenue 
share. This will contribute to enlarge the multimedia service portfolio that can be consumed 
by the 3G mass market and provide users with new experience of information or 
entertainment. 
Moreover, use of local storage in the terminals allows to pre-distribute content to be 
consumed anytime in a local interactive mode transparent for users with respect to point-to-
point connection. 
 

However, to attract new and major content providers in the mobile system business, some 
standardisation of the techniques enabling the rich multimedia one to many applications is 
required: 

• To decrease the cost of the multimedia content packaging tools and lower the multimedia 
applications development cost. 

• To minimise the required modifications of multimedia content/application packaging 
whenever the application is to be offered in a seamless manner over heterogeneous 
networks able to support one to many distribution scheme (e.g. UMTS, GPRS, SDMB, 
WLAN, DVB-X). 

• To enlarge the types of mobile terminals able to support the multimedia applications 
delivered in broadcast/multicast mode. 

 

Open R&D Issues:  
It is necessary to identify, define and standardise when relevant, all the rich multimedia one to 
many application enabling techniques. This includes: 
• Content description language, format and classification which is also known as Metadata 
• Digital Right Management that need to be upgraded to one to many distribution mode 

with for instance a separated type of distribution of the content (broadcast/multicast) and 
the rights (unicast). 

• Conditional access 
• Application Programming Interfaces (API) for local cache management, content filtering, 

content presentation, service management etc. 
• QoS monitoring to provide some monitoring tools for content providers. 
• Terminal capabilities in terms of screen size, application players, local storage size 
• Billing architecture based on security schemes 
• Video/Audio encoding technology that should be adapted to different network and 

terminal capabilities 
• Header compression techniques adapted to broadcast/multicast session 
• Service platform interworking with broadcast/multicast networks 
 
On going research projects:  

None. 

Short Term Goal: 
Standardise such enabling techniques in 3GPP, OMA (Open Mobile Alliance), DVB forum 
and/or TV anytime groups. This work shall take as inputs the network capabilities of the 
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targeted broadcast/multicast technologies in the heterogeneous network environment. This 
includes MBMS, SDMB, WLAN, DVB-X. 
 
Validate the application enabling techniques defined and implemented in service centres and 
terminals. As part of the validation, some demonstration of innovative push & store/point-to-
multi point multimedia applications customised applications for the different 
broadcast/multicast technologies should be carried out. 

3.5 Convergence of Broadcast and Mobile Satellite System  
In this section the focus is on the specific aspects of the convergence between point-to-point 
and multicast services for satellite systems. An especially important subtopic is there the  
combination of DVB-S based system with L-Band systems. For this very similar question like 
the ones proposed in the previous section apply, especially the aspects dealt in section 3.2.2 
on the Service Center, in 3.4 on the applications, especially on reliable transport in section 
3.4.1 and for One-to-Many applications in section 3.4.2. 

3.5.1 Protocol Aspects  
To augment existing MSS with a broadcast component, it is necessary to modify the gateway 
configuration and adopt appropriate interworking protocols. Similar to the service centre in 
3.2.2 the aspects for the backbone network for MSS broadcast services have to be considered. 
 
1) Mobility Management: 
Mobility management is an essential feature of MSS applications. However the extent of 
mobility management for broadcast needs definition. It may differ between operators. Further, 
it is necessary to define whether mobility management schemes of both services are to be 
integrated. The decision may be driven by business considerations. It is then essential to 
define the architecture of the mobility management system. It would appear as if it is 
unnecessary to incorporate handover for broadcast services – however, this requires 
verification in terms of user needs and the added complexity in the terminal  
 
2) User Profile and Database 
Each service requires a subscriber database and there are obvious advantages in integrating 
them. However in cases where there are a number of service providers, it is not obvious as to 
where and by whom the user database is maintained. It is also necessary to estimate the cost 
implications of each architecture.  
 
3) Billing, Accounting and Service Profile Management: 
There are architectural implications to support users on a single SIM and provide a single bill. 
Other perspectives such as method of distribution and business model influence the choice. 
 
4) Inter-working and Protocol Conversion: 
It is necessary to consider the inter-working needs in terms of protocols. Protocol adaptation 
may be necessary. 
 
See also 4.1 Adaptive Air Interface, 4.3 and 5.1 Palmtop and Laptop Terminals . 

On-going research project: In the field of integration of L/S band with Ku-band: Fifth and 
Wireless Cabin.  
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4 Increasing Spectral and Power Efficiency 
An important point for a satellite system is the efficient usage of limited resources. In contrast 
to the terrestrial applications, the limited power at the satellite and the terminal is a severe 
restriction. Also, the available spectrum, especially in the L and S-Band, is a major constraint, 
since the cell size is much larger than in a terrestrial system. Therefore optimal usage of these 
resources is a prime concern for all systems. In the following, areas which are important for 
the efficient usage of these resources are highlighted. 

4.1 Adaptive Air Interface  
Adaptive air interface technologies can potentially improve MSS capacity by matching the air 
interface parameters to propagation and traffic conditions. In traditional systems the link 
budget is calculated for the worst case, and advantage is not taken of more favourable 
conditions. Future research has to investigate solutions for adaptive modulation, coding, 
multiple access and energy efficient protocols. Also a future air interface should enable 
efficient power conservation mode in terminals (Sleep mode) especially for "always-on" and 
mobile operation. The adaptive aspect is not only important for the individual connection, but 
can play an important role at the system level, since in a MSS system, different terminal types 
e.g. with omni-antennas, small directive antennas and large fixed antennas should be able to 
coexist. 

State of the Art: Globalstar uses different rates, depending on the state of the voice codec; 
the Inmarsat M4 service shows how one can include different rate modems in the same 
system by varying the modulation. The upcoming DVB-S2 aims also at allowing adaptive 
modes. 

Open R&D Issues: There are two major problems involved in such a system. On the one 
hand the terminal aspect, since a terminal for an adaptive interface should not cost much more 
than a comparable constant-rate terminal (see also 5.1). This is especially relevant if different 
types of modems exist in the system, e.g. low-cost, low-data rate modems and costly high-
data rate modems. On the other hand, the networking and resource allocation aspect becomes 
more difficult, since allocation of resources for one user has now an effect on other terminals, 
e.g. due to increased interference or decreased power/time/frequency allocation.  

In CDMA systems the adaptivity is normally a built in feature, due to the possibility of 
changing the spreading factor. But the second problem of resource allocation is aggravated, 
since neighbouring cells are highly coupled by the interference, which makes a centralized 
resource allocation complex. 

In the terrestrial domain examples for this approach are EDGE for GSM and DECT+. 

On going research projects: ROBMOD/ESA Multimedia Van, DVB-FMT 

Short Term Goal: The development of suitable, either centralized or decentralized resource 
allocation algorithms, which can take into account the aspects of frequency reuse in a satellite 
system.  

Long Term Goal: A fully adaptive and scalable air-interface, which can optimize the 
available resource, based on the individual QoS and develop suitable terminal technology. 
Also optimized adaptable resource allocation schemes have to be developed, which can vary 
the modulation/coding/segmentation in an optimal way, while guaranteeing QoS.  
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4.2 Efficient Modulation and Coding Techniques 
The aim of these techniques is to increase spectral efficiency and decrease power usage, 
which are in general conflicting goals. However, combined coding and higher modulation 
schemes like trellis coded modulation can under certain circumstances improve both, at the 
expense of increased complexity at the receiver. A special subchapter is devoted to land 
mobile applications, where obstacles can create a more difficult environment.  

State of the Art: Due to the constraint in the available frequency in the L-Band for MSS 
applications, Inmarsat has developed a 16-QAM modulation for the M4 system, enhancing 
the spectral efficiency. For medium to high data rates, turbo codes have been introduced 
commercially, e.g. also in UMTS [3GPP TS 25.212], reaching very near to the theoretical 
achievable bounds for single channels. For multi-cell systems, CDMA, as used in Globalstar 
and UMTS, is also an attractive direction. The upcoming DVB-S2 standard 

Open Issues: For higher modulation schemes the non-linearity at the satellite is a major 
obstacle, combined with the problem of finding efficient codes with manageable complexity. 
Turbo codes like higher modulation systems have shown great promises in the AWGN case, 
coming within 0.5 dB of capacity [Frag01], but their applicability for the non-linear 
transponder has to be further analyzed. Besides the high data rate channels, also a low-data 
rate signaling channel for "always-on operation", e.g. for fleet management, is needed, which 
conserves power at the satellite and at the terminal. As was shown e.g. in [Hoeh99], DPSK 
using iterative decoding could be a candidate for such a system. A major problem for non-
CDMA systems is how different transmission speeds in a system can be efficiently combined. 
It would be especially helpful if these solutions would be backward-compatible for the 
ongoing services, which can be a problem for new modulation schemes, since they can create 
unacceptable interference for old services and terminals.  

On going research projects: ROBMOD/ESA Multimedia Van (ESA) (Turbo Codes) Gauss 
(EU) (low data channel, recently finished) 

Short Term Goal: Proving the applicability of Turbo Codes for Satellites in ROBMOD. 
Devising backward-compatible higher level adaptive modulation and coding schemes for 
existing systems.  

Long Term Goal: Development of improved higher order and adaptive modulation/coding 
schemes.   

4.3 Advanced Fading Countermeasures for Land-Mobile 
Applications 

Open Issues: In contrast to nomadic applications with constant line-of-sight, land-mobile 
applications operate under fading and blocking conditions. One of the most important 
methods of combating these effects is to use different forms of diversity. Today these are 
mainly time and satellite diversity. The advent of larger memory at the receiver, also allows 
new deep interleaving strategies, for e.g. for vehicular applications. New multiple transmit 
diversity techniques (MTR/MIMO) like Space Time Codes, which were developed for 
terrestrial applications, could be considered to be combined with satellite diversity. 
Alternatively, the spectral efficiency of satellite diversity can also be improved by 
interference mitigation techniques. Adaptive air-interfaces (see 4.1) should be analyzed for 
this surrounding, and possible gains quantified. A robust Ku-band air-interface, which allows 
operation at current spectral power restrictions, but with higher margins, would allow cost 
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effective operation for these applications. Further open points of interest are also the effects of 
diversity at different latitudes in case of GEO-satellites, and the effects of antenna diversity 
for vehicles, like trucks and trains. 

A last open point is the introduction of broadcast applications, which are continuously 
updated and stored in a cache, so that missing an update due to blockage results only in using 
slightly older information (e.g. weather and traffic updates), (see also 3.4). 

  

State of the Art: SIRIUS, XM-Radio, Globalstar, Internet media players 

On going research projects: Robmod/ESA Multimedia Van (ESA), DMB (ESA/ASPI), 
Mobile Ku-Band Receiver (ESA), and ASILUM, METRA and SATURN for MIMO-Systems 

Short Term Goal: Evaluating the new possibilities, due to larger available memory for 
caching and interleaving purpose. Robust Ku-band Air-Interface 

Long Term Goal: Introduce new services, suited to this environment. Depending on the 
result of the possible gains, the introduction of adaptive air-interfaces and/or multi-transmit 
(MIMO) techniques.  

4.4 Higher Frequency Bands 
High frequency bands can provide a significant increase in spectrum availability, which is 
needed for special applications of the next generation broadband MSS. For example, Ka–
band, offering a large amount of spectrum, is yet to be exploited for future MSS services and 
hence there is a need to increase the Ka-band propagation database to assist system designers. 
Also, MSS terminal technology in this band (and multi-band terminals - such as L-/ Ka and S-
/Ka- band) is important, especially regarding the antenna aspect, since high gain antennas 
with appropriate (electronic) pointing and tracking mechanisms are needed (see also 5.2 and 
5.1).  

System studies of interest are fade countermeasures, robust/adaptive modulation coding and 
multiple access schemes applicable in an MSS environment at low cost. The possibility of 
performance/capacity enhancement and reduction in terminal size/cost with regenerative 
transponders, together with disadvantages in use of on-board regeneration within the long-
term technology envelope, will be of interest. Backward compatibility with existing MSS 
systems will have to be considered. 

Short term goals: obtain sufficient data on Ku- and Ka-band channel characteristics to allow 
the development of efficient impairment mitigation techniques.  

Long term goals: conduct system studies to identify the best way of utilizing Ka-band mobile 
capacity in conjunction with L- and S-band. (see also terminal (chapter 5) and payload (7) 
technology) 

State of the Art: JPL ACTS mobile terminal, ESA Ka-band propagation terminal, 
Measurements[Jahn01]  

On going research projects: Italsat mobile terminal (SECOMS/SUITED/FIFTH), ASTE FB 
9.33 Mobile Ku-band Receive-only Terminal  
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4.5 Mechanisms for Dynamic Spectrum Allocation to Provide 
Spectrum Efficiency  

In an environment where spectrum is limited and shared among a number of different 
systems, where increasing traffic needs are placing higher demands on the efficient use of the 
spectrum, and where traffic is becoming increasingly bursty and asymmetric in nature, the 
control and allocation of the available frequency resource is a critical and challenging area for 
future satellite systems. 
The problem of spectrum allocation can be subdivided into two allocation techniques: a 
frequency planning aspect, taking into account a number of long-term inter- and intra-system 
frequency sharing considerations, and a dynamic aspect, which optimises the frequency 
allocations within a system as a function of a number of real-time requirements. 
The dynamic allocation of spectrum within systems is an area where significant 
improvements in system capacity could be gained. Rather than relying upon fixed allocation 
of spectrum to beams, future systems need to be able to flexibly allocate spectrum on the basis 
of a set of criteria, with the aim of finding the best trade-off among a number of different 
parameters. These parameters could be, for example, limiting interference between users so as 
to increase QoS, maximizing flexibility to users (e.g. preventing excessive fragmentation of 
the available resource), etc. 
In the longer term it is conceivable that spectrum sharing is expanded beyond one particular 
operator or even beyond one particular radio system. This concept would further reduce 
spectral inefficiencies but it poses sizeable regulatory challenges. It would enable the sharing 
of large blocks of spectrum between numerous radio systems, where any of the systems can 
be located in any part of the spectrum, whilst maintaining fair spectrum sharing, and 
controlling interference and fragmentation of the spectrum. 
 
The dynamic aspects of spectrum allocation are complex and require a significant 
investigation and development program. Spectrum allocation algorithms will be required to 
rapidly and efficiently allocate and modify spectrum allocations in function of the changing 
traffic conditions, at a number of different levels (temporal, call, session, packet): the 
identification of the appropriate algorithm(s) is a non-trivial task. The algorithms themselves 
are likely to require adaptation to the particular system architecture being considered and the 
distribution of the various functionalities around the system. Hence, the overall architecture 
definition (space and ground segment) of Advanced Satellite Mobile Systems is a strong issue 
to be taken into account, which impacts the efficiency of potential algorithms. 
 
State of the Art: Inmarsat 4 
 
Ongoing research: (EU IST project DRIVE investigates dynamic spectrum allocation in a 
terrestrial multi-radio environment).,  

ESA TRP: Tools for Dynamic Link Analysis and Resource Allocation ITT  
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4.6 Multiuser Detection and Interference Mitigation  
Interference is one of the limiting processes for reaching higher spectral efficiency. Multiuser 
information theory has shown that the effect of self induced interference in a system can be 
efficiently reduced by multiuser detection approaches [Verdu98]. Since most of the 
algorithms have a high complexity, first prototypes appeared only in recent years, due to the 
increase in available computational power [Bah97][Music00]. The main driver for the 
terrestrial research is at the moment the usage of CDMA in UMTS [Asi99], but in the case of 
a satellite system these methods can also be used for multibeam TDMA [Moher00],[Ern01]. 
Since first prototypes are already available and much work is done at the terrestrial site, the 
commercial advent of multiuser detectors for CDMA could be less than 3-5 years away,  
especially since in the satellite case, multipath effects are not as dominant as in the terrestrial 
case. For satellite systems based on TDMA, the time range would probably be more in the 6-
10 years time frame. 

4.6.1 Forward link 
In the forward link satellite terminals can not only receive interference from neighbouring 
beams, but in contrast to terrestrial systems, also from diversity satellites. Especially in case 
of CDMA and the usage of diversity satellites, capacity gains of more than 50% can be 
achieved [Gaud99] and in the ESA project ROBMOD algorithms for this are already 
implemented [Music00].  

In case of usage of intelligent antennas, special algorithms can be used to suppress 
interference from other satellites, even if the structure of the interference is unknown (see also 
5.1), but it can also be important for terminals with omni- or low gain antennas, which receive 
interference from neighbouring satellites. 

In the near term, further research on even more efficient multiuser approaches and 
demonstrations are needed for the CDMA based technologies for the satellite UMTS 
architecture. But for long term research, also multiuser detection for TDMA-systems and in 
combination with intelligent antennas could be a rewarding approach. 

4.6.2 Return link  
 Unlike terrestrial systems, all users, even from different beams, are decoded at a central 
location. This knowledge can be used to increase the spectral efficiency by a large amount 
[Moher00], but at the cost of a more complex design at the gateway station. A very interesting 
problem here is the usage of multiuser detectors for the packet mode, which can increase the 
efficiency of random access protocol [Suzu00], which is important for the "always on" 
concept. In the return link, especially iterative methods combined with channel coding, can 
result in major gains [Ern01] for both, TDMA and CDMA approaches. Due to the greater 
complexity, the realizability of these methods is probably still 4-8 years away. Theoretically, 
combinations with the dynamic frequency allocation (see 4.5) and SDMA approaches in the 
satellite could achieve even higher spectral efficiency and should be part of the long term 
research.  

On going research: ESA AO4480 
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5 Enhancing MSS Terminals 
User terminals have to meet a number of different requirements and the key R&D needs 
depend on the type of terminal. In some cases (small mass-market terminals) the driver may 
be creating a lower-cost version of existing technology, whereas for aeronautical terminals 
unit cost is considered less important than compliance with aviation industry and safety 
standards. 

5.1 Palmtop and Laptop Terminals 
In order to make efficient use of the satellite resources and achieve higher data-rates and/or 
lower traffic charges, portable or semi-fixed terminals with directive antennas must be 
employed. The size of the antenna will determine the data-rates and charges, and also the size 
of the terminal. 

R&D topics To achieve higher capacity and reliability,  smart antenna technology should be 
applied to palmtop- and laptop-type terminals. By introducing spatial diversity and adaptive 
beamforming techniques to flat multi-patch antennas,  antenna gain will be increased as well 
as multi-path and interference resistance. This should be achievable at low cost. Electronic 
fine-tracking techniques will also be required to reduce the need for user co-operation and 
thus give more user-friendly terminals. 
Another important R&D area is the transmitter front-end of the terminal. Increased efficiency 
and linearity of the transmitter amplifier will give increased capacity and/or reduced power 
consumption This must be combined with low-cost solutions since the front-end is a major 
cost driver for the terminals. 

Capacity can also be increased if dual polarisation could be supported by the terminals. In 
addition to novel antenna designs for reduced cross-polarisation interference, cross-
polarisation interference cancellation techniques may be applied. 

To achieve higher flexibility with respect to capacity, services and tariffs in a fixed-mobile 
convergence scenario, multi-band operation of terminals should be possible, covering both 
L/S-, Ku- and possibly Ka-bands. The need for high-capacity downlinks for asymmetric 
services makes this particularly relevant to downlink reception. This calls for low-cost, 
innovative multi-band radios and advanced antennas . 

Short term goals: Efficient SSPAs 

Long term goals: Low cost, smart antennas with adaptive beamforming for electronic 
pointing and interference / crosspolar cancellation/mitigation. Multi-band antenna (L/S/Ku/Ka 
band), Low cost multi-user detection hardware to allow M-U D in the forward direction (long 
lead time). 
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5.2 Vehicular Terminals 

5.2.1 Passenger car terminals 
Description: 
If a satellite terminal is integrated into a car, truck or bus when manufactured, the cost is less 
(visible) for the customer, and with a reasonable total volume of terminals the additional cost 
may be small. The satcom terminal is a natural part of the car as other equipment, e.g. a radio 
or air-conditioning. The satellite antenna can be a part of the roof of the car. 

A vehicular terminal can provide a large display and be suitable for multimedia services (Web 
browsing etc). It may also communicate via a Bluetooth (short range radio) interface with a 
handheld terminal.  

R&D topics: 
One key technology for medium to high data rate communication for vehicular terminals is 
smart antennas (see also 5.1). Especially important for vehicular terminals of this kind, is the 
ability to change the azimuth pointing of the antenna  from 00 to 3600, which results in a 
different design than for the laptop terminals. Also see 4.3, "Advanced Fading 
Countermeasures for Land-Mobile Applications" for further topics related to the vehicular 
terminal. 

Short term goals: Flat, steerable antennas 

Long term goals: Smart antennas with adaptive beamforming for electronic tracking and 
steering, interference cancellation/mitigation and spatial diversity . Multi-mode antennas e.g. 
integration of: S-UMTS and T-UMTS, S-DAB, GNSS (GPS/Galileo) and Inmarsat services. 

5.2.2 Terminals for trucks, buses and trains 
In contrast to passenger car terminals, the requirement for flatness of the antenna and the need 
for including it in mass production is reduced in the case of trucks, buses and trains. Also for 
trucks low cost, low data rate terminals are of interest for fleet-management purposes. In 
contrast to this, buses and especially trains would act as a group terminal, delivering service to 
a larger audience and therefore needing higher bandwidth. Integration with broadcast 
multimedia reception is especially important.   

Short term goals: Steerable, multi-band antennas . 

Long term goals: same as for passenger cars  

 

5.3 Other types of terminals 

5.3.1 Maritime Terminals 
Considering the maritime markets, one should differentiate between "deep-sea", requiring 
global (or near-global) coverage, and the "small vessel" market, which requires smaller 
antennas (for installation and cost reasons), but can be satisfied by near-coast coverage.  
As a general strategy, new technologies and products developed for the land-based markets 
should be capitalized on for the maritime markets to the maximum possible extent, i.e. the 
R&D items identified in the to previous sections (for palmtop, laptop and vehicular terminals) 
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also apply to maritime terminal development. The R&D topics suggested below are therefore 
limited to items that are specific to the maritime environment. 
 
R&D topics: 
• Possible maritime specific issues, R&D topics :  

o Distress and safety, GMDSS requirements 

o Multipath fading in maritime environment and associated strategies for 
optimizing the throughput. 

o Mechanisms to allow multiple users to use the same terminal (increase ship 
passenger traffic). Include interface requirements to ship-borne network. 

o Antenna technologies and steering mechanisms (already partly covered by 
vehicular) 

 
Short Term Goals: Implementation of Distress and safety, GMDSS requirements, investigate 
the multipath fading in maritime environment, Mechanisms to allow multiple users to use the 
same terminal (increase ship passenger traffic).  
 

Long Term Goal: 
Antenna technologies and steering mechanisms (already partly covered by vehicular). 

 

5.3.2 Aeronautical Terminals  
As a general strategy, new technologies and products developed for the land-based and 
maritime markets should be capitalized on for the aeronautical markets to the maximum 
possible extent, i.e. the R&D items identified in the to previous sections (for palmtop, laptop, 
vehicular and maritime terminals) also apply to aeronautical terminal development. The R&D 
topics suggested below are therefore limited to items that are specific to the aeronautical 
environment. 
• Possible aeronautical specific issues, R&D topics:  

o Doppler and Doppler rate (for pre-compensation)  

o Multipath fading in aeronautical environment (for low gain antennas) 

o Antenna technology and tracking mechanisms (partly covered by vehicular and 
maritime)  

o Mechanisms to allow multiple users to use the same terminal (increase in-
flight passenger traffic)  

See also [WH00]. 

A task force which works on related topics from the airliner perspective, is the World Airline 
Entertainment Association's (WAEA's) Technology Committee, made up of avionics and 
communications engineers, which aim to standardize the usage of internet and e-mail on-
board of aircraft by 2003. State of the art is the Inmarsat Swift 64 terminals and channel 
measurements derived in the ABATE/Secoms project [Holz98] for high gain antennas in Ka 
band. For aeronautical high-speed internet access (>1 Mbs), "Connexion” by Boeing is at the 
moment the most developed solution.  
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Ongoing Projects: in the area of aeronautical Communication WirelessCabin 
Short Term Goal: conformal arrays, multi-frequency (L-, S-, Ku,- Ka-band) , multi beam 
antennas, in-cabin data distribution 
 

Long Term Goal: multi-frequency (L-, S-, Ka-band) , multi beam antennas. 

5.3.3 Handheld Terminals 
Handheld terminals need low cost, efficient hemispherical antennas, efficient solid state 
power amplifiers and low noise amplifiers. A key to reducing cost is the re-use of software 
radio technology (DSP). Other critical items such as lightweight battery technology are  not 
considered here because  they are common to other handheld consumer electronic equipment 
(terrestrial mobile terminals, for example). 

Short term goals: Demonstration of the usability of 3GPP T-UMTS handhelds for 3GPP 
based S-UMTS, combined GNSS and ASMS antennas (see also Section 5.4), receiver design 
using the software radio concept. 

5.4 Integration of Navigation Systems with MSS  
Some existing mobile Satcom systems require terminals to have the ability of determining 
their own position (Thuraya). While satellite navigation may not be the only way of 
determining the position of a mobile user terminal, it might well the most practical solution.  

Reception of multiple-services (GPS, GLONASS and Galileo using 1,2/1,5 GHz) could be 
integrated into one terminal. But integration can range from HF down to service integration, 
where, for example, . GPS assists the setting up of the directive antenna, or the appropriate 
maps are downloaded, based on the position of the user.  

One research area could be the combination of the directive patch antenna with the 
omnidirectional GNSS antenna to provide information on the heading of the directive antenna 
or using the synchronization capabilities of GPS for the MSS data stream. 

State of the Art: Sirius Communication developed a (S-)UMTS-chipset which could switch 
between CDMA and GPS reception.  

On going research projects: ESA AO3797, for GNSS integration with (terrestrial) 
communication. 

Short term: combined antennas for navigation and ASMS. 

Long term requirements: develop combined receivers for GNSS and communications. 
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6 Services and network architecture 
 

While the terminal and the space segment are the most visible parts of a MSS, the service and 
the network architecture are also crucial  system elements. An efficient network architecture 
is especially important for reducing the operational costs and using the available resource in 
an optimized way, while at the same time guaranteeing the quality of service the user expects 
and pays for. The network should be able to support a wide range of services with different 
requirements and interwork smoothly with the terrestrial mobile and fixed networks, 
accommodating the service frameworks related to them. The past has shown that the 
installation of the network and gateway segment can be a main problem for the system launch 
timetable, in that it has delayed the start of service of MSSs quite significantly. Similar 
problems have also been experienced by terrestrial operators; for example, the accounting 
functionality of the network has created major start-up problems.   

In the following only specific R&D topics are highlighted, without aiming at an overview of 
the entire topic of service and network architecture or even of the all-IP network. Moreover, 
we do not discuss some important research issues that are not satellite- specific but rather of 
more general interest and lend directly to standardized solutions  developed for the terrestrial 
mobile networks. Likewise, we avoid discussion of issues that  can be regarded as parts of 
other issues (an example of what is meant here, not clear to me) 

A special issue that is not discussed further in this section is the customer care and service 
management (e.g. accounting and system resource control management). The reason is that it 
is hard to identify generally applicable MSS R&D issues in this field, which are different 
from the approaches in terrestrial systems. Yet, this is an important driver for the usage of a 
modular design on the network infrastructure and for the usage of terrestrial network 
standards, to reduce costs and ease network management. Therefore, satellite-specific 
approaches should also try to facilitate these aspects for the operator. 

6.1 Functional architecture 
According to ITU.T Recommendation Q.1701, an IMT-2000 system can be described as a set 
of functional subsystems, which perform actions and interact among themselves to support 
IMT-2000 wireless users. An IMT-2000 system consists of the following functional 
subsystems: 
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Fig. 6-1 IMT-2000 Functional subsystem 
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6.2 Mapping “Vision” architecture to the functional architecture 
The different visions of ASMS [Vis01]can be mapped into the functional architecture of Fig. 
6-1 as follows: 

a)  

6.2.1 Stand alone network 
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Fig. 6-2 Mapping of stand-alone ASMS variant to the IMT-2000 architecture (no integration 

with mobile terrestrial network) 
 
The system in this case features minimum integration with the terrestrial mobile network. 

In this case all functionality up to the fixed terrestrial network infrastructure (network-to-
network (NNI) interface) can be implemented in a satellite specific way, which needs 
therefore R&D resources for all the involved parts. Normally, this architecture is derived from 
terrestrial mobile infrastructure (e.g. GSM or UMTS network), but is modified as seen fit to 
accommodate the satellite environment. 

6.2.2 T-UMTS and S-UMTS integration 
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Fig. 6-3 Mapping of integrated S-/T-UMTS ASMS variant to the IMT-2000 functional 
architecture 

The system now shares the same Core Network with the mobile terrestrial network. 
Only the mobile terminal above the Cu-interface and the RNC part are satellite-specific,  
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6.2.3 Broadcasting extension of T-UMTS 
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Fig. 6-4 Mapping of the broadcasting extension of T-UMTS ASMS variant to the IMT-2000 
functional architecture 

 

In figure Fig. 6-4 one example for such a structure can be seen, depending on the final 
solution found in 3 GPP for this mode.  

One important point at this level is the identification and definition of generic inter-functional 
requirements: functional modules and inter-working signalling and data update to support 
network management, Mobility Management, billing etc. 

6.3 Service and service architecture 
One example for service and service architecture is ITU-T H.323: Protocol architecture others 
are the IETF multimedia conferencing architecture (mmusic-confarch). Also the application 
development and deployment has to be analyzed. 

6.4 Items for R&D 
In the following, topics for R&D are highlighted, which can be derived from the different 
needs of the previously mentioned architectures. It has to be mentioned that the first approach 
to most of these topics is to analyze the emerging terrestrial standards, especially from 3 GPP, 
IETF and ITU. An important part of the short-term research should be devoted to the research 
on the applicability of these standards, rather than developing new, incompatible solutions.  

The overall classification of R&D topics is 6.4.X: 
1. Services and architectures 
2. Layer 1 and 2 Link quality, transmission delay 
3. IP-related issues 
4. Reliable transport 
5. Addressing, Numbering 
6. Layer 7 Codec selection (Source coding efficiency) 
7. Security aspects 
8. Mobility management  
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6.4.1 Services and architectures 

6.4.1.1 Intelligent Pre-fetching Strategies for Web-Traffic 
The usage of proxies at the gateway station and a terminal used by several users can improve 
the perceived performance for internet services. Intelligent pre-fetching strategies, which use 
unallocated time-slots to send content that is highly likely to be requested by the users, are 
one research topic. This is especially interesting if these unused time-slots do not have to be 
paid for unless the data sent is used. This could be combined with push strategies, using the 
broadcast/multicast abilities of the satellite (see also 3.4). A special niche for this service 
could be the aeronautical market, where the use of large proxies at the aircraft might decrease 
the traffic over the air and give the user a better-perceived quality.  

State of the Art: Web caching and context prefetching are areas well known within the 
Internet community. In IETF there is the web replicating and caching working group (wrec). 
There are also activities in the WWW Consortium (W3C) on this topic. 

Short Term Goal: Study the possible gains for proxy and intelligent pre-fetching strategies in 
the mobile environments. First market: aeronautical. 

6.4.1.2 Router and Interworking Terminal Units for IP Traffic 
The purpose of this type of satellite terminal is to interface with other (standard) terminals and 
serve as a central node for the backbone traffic to the core (satellite) network. It extends the 
core network to the user, hiding special configurations/modifications necessary for the 
satellite access. For example, the terminal can be a standard WLAN-server, with the 
additional feasibility to route outgoing traffic via satellite to the internet; it could also be a 
bluetooth-enabled device, which links standard UMTS devices into a satellite network.  

State of the Art: Inmarsat’s BGAN terminals, interfaced (e.g. using Bluetooth) to low cost 
mobile terminals, could be such an example, since they are suited for traffic concentration in 
remote sites or on moving platforms. Problems to be resolved include development of IWUs 
for call adaptation, and the sizing of a local area network within the throughput constraint and 
integration of the technology with a handset. Therefore interface aspects have to be handled, 
especially the questions if and how a linkage to UMTS-end-devices is possible/useful. Other 
topics are:  

• Proxy strategies (see also 6.4.1.1 and 3.4 ) 

• Multi-Segment Handover/ Protocol Translation Techniques 

The possible aggregation in such a device has implications for the signaling structure on the 
MAC layer, since on the one hand for transparency, it would be easier to set up different 
streams for each end-to-end connection, on the other hand it has to be coordinated at the air-
interface, where the aspects like only partly-used frames and reducing signaling overhead are 
of importance. 

The use of interworking units can also be applied to hand-over schemes between various 
segments (see also 5.2.2) and gives special capabilities regarding IP mobility, caching and 
proxy strategies. 

Typical applications could be aeronautical, trains, buses and maritime, but this can also be 
useful for laptop terminal interfacing with only 1 or 2 terrestrial devices.  

On going research projects: Interworking Unit of SUITED/FIFTH, FUTURE 
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Further research issues are the impact of a concentrating/routing/hub device on the 
architecture, services and protocols, and the identification of types of terminals and interfaces 
used by the end user (DECT, UMTS, GSM, Laptop, ..). 

Short term Goal: Development of Router/Interworking Units for MSS. 

6.4.1.3 Provision and delivery of services over unidirectional links 
For example in the case of broadcast applications there can exist a unidirectional link to the 
terminal, via the satellite. It has to be analyzed how the targeted system can include such 
links. Especially important are the definition of the IP Multimedia Subsystem (IMS) by 3GPP 
for the Release 5 and the existing satellite and terrestrial radio interfaces (M.1457), for such 
applications. 

State of the Art: IST MoDiS, IST FUTURE 

Open Issues: How can multimedia services be defined, developed, deployed and operated 
when there is a unidirectional link used by part of the (transport) network? 

Short Term Goal: Ensure that these specific constraints are taken into account in the relevant 
standards. 

6.4.2 Layer 1 and Layer 2 Aspects  
The layers 1 and 2 of the ASMS are regarded as the network layer independent, radio 
transmission dependent layers of the system. In other words, most of their functionality 
remains the same irrespective of the network transport technology at higher layers (IP or 
ATM). However, appropriate interfaces (sometimes in the form of light, shim layers) have to 
be defined for interfacing the network layer bearer service capabilities to the radio access 
bearers offered from the satellite radio network. 

6.4.2.1 Optimised Packet Mode 
Quite a lot of effort was devoted in the past to the study of Medium Access Control protocols 
in terrestrial wireless systems. This has been done not only for UMTS applications but also 
with regard to wireless LANs (IEEE 802.11, HIPERLAN and its follow-on HiperLink and 
HiperAccess, Bluetooth), wireless Asynchronous Transfer Mode (ATM) and mobile IP 
applications. Comparatively little effort has been dedicated to the same topic for satellite 
application (e.g. ETSI TR 101 866 and ITU.R M.1457). 
Solutions for terrestrial networks are difficult to extend to the satellite world due to the quite 
different environment. As an example, quite often terrestrial protocols are based on Carrier 
Sense Multiple Access with collision detection / avoidance strategies, that is not readily suited 
to the large delays experienced on satellite links. Also, centralized, reservation-based 
protocols like those proposed for wireless ATM cannot be readily extended to satellite 
systems. Further complicating the matter is the possible need to provide Quality of Service 
(QoS) options, which often results in an access architecture encompassing radio-layer 
solutions optimized for the particular environment being considered.  
Automated Repeat request (ARQ) strategies managed at the radio-link layer is just an 
example of one of the tools available to the access scheme designer, in order to achieve the 
QoS objective in presence of random errors over the mobile channel. The same solutions are 
less attractive in a satellite environment due to the additional delay related to the 
retransmission of packets. They are still appropriate though for services that do not feature 
stringent delay requirements. 
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Moreover, the propagation conditions in satellite environment are fundamentally different. 
The mobile satellite channel is forced to operate under line-of-sight conditions due to both RF 
power constraints (on-board and for user terminals) and the much higher free space loss 
experienced. This would seem a much milder environment compared to the terrestrial one; 
however, satellite obstructions are very frequent (with the exception of maritime or rural 
environments). This will actually produce a typically on-off channel behaviour, which is quite 
different from the models used to characterize the terrestrial context. This peculiarity of the 
satellite environment may be extremely penalizing, and countermeasures need to be exploited. 
In general, the implementation of packet mode in MSS heavily draws on the respective 
implementations in terrestrial mobile networks. In some cases adaptations/modifications to 
the standards are required to account for the particular constraints of the satellite 
environments, a non exhaustive discussion of which was given in the previous paragraphs.  
State of the Art:  

The Inmarsat BGAN supports packet mode via a proprietary interface.  

Regarding integrated T/S-UMTS systems the starting point is apparently the T-UMTS air 
interface. The packet mode is implemented via use of the Random Access Channel (RACH) 
and Common packet Channel (CPCH) in the return link direction and via use of Downlink 
Shared Channel (DSCH) and Forward Access Channel (FACH) in the forward link. The main 
modifications with respect to the terrestrial standards are discussed within the ETSI SES S-
UMTS WG and  in the ESA-ATB/Multimedia Van project . 

The third type of systems (broadcasting extension to T-UMTS), have also relied on the T-
UMTS air interface for the radio interface design. The IST project SATIN (completed in 
March 2003) introduced a satellite packet-mode air interface for the support of 
multicast/broadcast services, focusing on unidirectional satellite systems. The main features 
of this interface are the absence of dedicated channels and Radio Resource Connections 
(RRC) over the satellite radio interface, the adoption of FACH/S-CCPCH as the transport 
channel and Common Traffic Channel (CTCH) as logical channel for the transport of 
multicast/broadcast data and the introduction of a notification channel (a “master-FACH” 
channel) that carries the signaling together with Broadcast Channel (BCH/P-CCPCH). 

Finally, in the case of satellite constellations, the inherent diversity provided by multiple 
satellites can be exploited to improve the system effectiveness, by utilizing access protocols 
which may effectively take advantage of this feature, when available, to improve system 
throughput as well as the offered QoS (project where the concept is investigated). 

Open Issues:  

 

On going research projects:, ATB (ESA), MoDiS, GAUSS (EC, finished recently) 

Short Term Goal: the ESA ATB Test Bed (ATB) project will develop and test via satellite a 
packet access scheme suitable for S-UMTS. The IST MoDiS projects aims at the 
demonstration of the S-DMB concept (broadcasting extensions to T-UMTS type of 
system).The optimization of packet access is also investigated for existing satellite systems.  

Long Term Goal: optimization of the packet access also integrating QoS provision and 
multicasting capabilities, consolidation of SW-CDMA packet access specifications within 
ETSI, validations by trials over real satellites. 
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6.4.3 IP-related aspects 

6.4.3.1   IP transport protocols 
While Internet transport protocols do work over satellite connections, they can have a rather 
low efficiency.  

State of the Art: A lot of work has been done on the question of performance of TCP/IP over 
satellites, [IETF00] [PERS01]. Although there is no conclusive answer to the problem, the 
TCP splitting approach seems to give the best results, but is incompatible with security 
protocols on IP-level (like IPSec, see 6.1.4). However, these and similar techniques (e.g. 
spoofing) have been very popular within the satellite community and have been used in the 
past extensively in fixed satellite systems (VSAT, DVB based systems). 

Compression of data is another requirement, since there is a lot of redundancy in IP-packets, 
especially in small ones, e.g. used for acknowledgment. Similar questions are also being 
researched for terrestrial cellular networks, and the adoption of common solutions in this field 
could be helpful (see e.g. rohc [IETF 01a], pilc [IETF 01b] or [IETF01c] and PDNR of IP 
over MSS in ITU-R SG8 WP8D).  

Higher layer (application layer) protocols such as http have a significant impact on the user 
perception of network performance. The additional options introduced to the protocol by 
version HTTP 1.1 (request pipelining, parallel/persistent connections) are becoming standard 
practice, although the literature reports a broad variety of protocol implementations. 

Given the dominance of HTTP/TCP  the further development of suitable traffic models for the 
different kinds of services (mainly web surfing and more generally TCP elastic traffic) 
become a necessity for the computation of necessary capacity per user at a satellite. 

Short Term Goal: Identify and standardize solutions for efficient IP transport over satellite, 
based on work in 3GPP and IETF. A possible step might be the development of a TCP profile 
for use over satellite, in the spirit of the IETF RFC 3481 describing such a profile for 2.5G/3G 
mobile terrestrial networks.  

6.4.3.2 VoIP Technologies  

6.4.3.2.1 Call Management Protocols 
There are two main bodies working on an architecture and set of protocols to support VoIP: 
the ITU-T, led by SG13, but including work from SG9, 11 and 13; and the IETF, through 
numerous WGs working on specific elements. In fact VoIP is almost a misnomer because 
both bodies are working on the full range of multimedia applications, rather than just voice. 
The ITU-T work has centered on the development of the H.323 architecture for voice, data 
and video delivery over packet networks. This architecture includes the H.225 protocol for 
call signaling. This was the first architecture to be applied to VoIP by industry. Note that 
ETSI TIPHON uses H.323 based architecture. The IETF subsequently followed with their 
multimedia conferencing architecture, which includes SIP as key protocol for setting up 
individual multimedia sessions (signaling). The IETF approach is gaining support from 
industry - one key reason is the fact that the 3GPP has elected to use it as the user-to-network 
protocol for 3rd generation networks. SIP stacks are now becoming available, although they 
are still largely proprietary at this time. 

Open R&D Issues: There are still significant developments required in both the ITU and 
IETF stacks to address call management functions. It is likely that the ITU and IETF 
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architectures will either converge or will spawn IWFs to enable the two stacks to 
communicate (the adoption of SIP by the 3GPP will encourage this convergence). Since 
satellite has been considered as an integral part of UMTS, it would be ideal if the satellite 
component followed the terrestrial specification as closely as possible, with some 
modifications to cater for the different satellite channel characteristics, so as to achieve a 
better commonality. However, it is not possible at this time to identify every element that will 
require modification for the satellite case and this is a key area for study. One potential 
problem that can be identified now is the possible impact of satellite delay on the operation of 
the SIP protocol, e.g. it may be necessary to provide a SIP-enabled proxy (i.e. a P-CSCF) at 
the satellite gateway.  

Short term Goal: To identify satellite-specific problems with the call control elements of 
existing and planned VoIP protocol stacks developed by ITU, IETF and ETSI. Where 
possible, update these protocols to enable satellite working, or develop suitable IWFs or 
practical satellite-specific work-around solutions. 

Long Term Goal: To enable the delivery of VoIP-based applications and services over an 
ASMS acting as a RAN. This will include end-to-end service delivery where the other end of 
the link may be a legacy network (e.g. PSTN), or another IP network within an all-IP network 
architecture.  

6.4.3.3 IP Quality of Service 
Two main models for QoS provision in the Internet have been proposed the: Integrated 
Service (IntServ) and Differentiated Service (DiffServ). They are both thought to enhance the 
connectionless Best Effort Service offered by the IP.  

The IntServ is a QoS model developed by the IETF to provide per-flow quality of service 
guarantees to individual application sessions.  

The IntServ architecture defines two major high quality service classes besides the Best Effort 
service class, traditionally offered by the IP: Guaranteed Service and Controlled-Load 
Service. Each of them provides different kinds of a quality of service guarantees.  

The ability to request and reserve per-flow resources makes it possible for an IntServ 
architecture to provide individual flows with quality of service guarantees. However, some of 
the difficulties associated with the IntServ model and per-flow reservation of resources may 
be uncovered, especially for what concerns the scalability and the flexibility.  

These considerations have led to the recent so-called DiffServ activity. The DiffServ provides 
scalable and flexible service differentiation, i.e., the ability to handle different classes of 
traffic in different ways within the Internet. The need for scalability arises from the fact that 
hundreds of thousands of simultaneous source-destination traffic flows may be present at a 
backbone router of the Internet.  

The need for flexibility arises from the fact that new service classes may arise and old service 
classes may become obsolete. The differentiated services architecture is flexible in the sense 
that it does not define specific services or service classes (e.g., as is the case with IntServ). 
Instead, the differentiated services architecture provides the functional components, i.e., the 
"pieces" of a network architecture, with which such services can be built.  

State of the Art: 

In VIRTUOUS a particular scheduling algorithm is foreseen with the aim to subdivide the 
resources among the different connections of a user. 
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In FUTURE there is a two level scheduling: to subdivide the resources among the different 
connections of a same user, the VIRTUOUS scheduling algorithm is used; then the use of 
another scheduling algorithm is foreseen, to manage the allocation of the available resources 
among the different users. 

In SUITED, to guarantee end-to-end QoS, a pure IntServ architecture in the access network 
was chosen, coupled with the use of the RSVP (Resource Reservation Protocol) which 
managed the resources reservation and their effective allocation. 

Some projects to achieve these goals are VIRTUOUS, FUTURE and FIFTH: the first two 
foresee the presence of the S-UMTS and the T-UMTS segment in the access section, while 
FIFTH foresees an access section with two different segments, one of them, ESW 
(EuroSkyWay) being a satellite network. FIFTH builds on the work of the SUITED project, 
which considered four different access segments. 

Short term goal: Solution of the following questions: Are QoS classes as defined by IETF, 
TIPHON, 3GPP, ITU-R applicable to ASMS (resource management, ...) ? Should existing 
standards be modified ? 

6.4.3.4 IP Security and Authentication Aspects 
State of the art: IETF has begun to standardize the procedures for the authentication, 
authorization and even accounting aspect (AAA working group) and security is a long 
ongoing project. 

Open R&D Issues: Some of the security aspects “interfere” with the strategies to improve the 
perceived service quality on satellite links (see 6.4.3.1) and have to be properly managed. The 
problem worsens in the case where the satellite terminal is a router or access point for a 
terrestrial network. Also, possible problems for IPsec and the other AAA algorithms due to 
long transmission delays have to be identified as early as possible.  

On the other hand, encryption methods are needed anyway to protect the air-interface from 
unlawful interception, since especially the downlink can be intercepted relatively easily by 
anyone. Both GSM and IETF security approaches should be looked at for this purpose. The 
possibility to form with other segments a virtual private network could be a market bonus for 
satellite applications. 

The security aspects can become especially interesting in case of multicast traffic, where 
appropriate standards are missing and where the special aspects of the satellite interface have 
to be considered. 

Short term goal: Study of security for Multicast over ASMS. 

6.4.4 Transport layer packet coding 
State of the Art: While channel coding at the physical layer is an old and well known topic, 
the introduction of coding for higher layers has found renewed interest only in the recent past, 
together with the topic of multicasting in IP networks, see especially the work of Dr. Luby 
from Digital Fountain and work done in the IETF Reliable Multicast Transport (rmt) group. 
One advantage of transport layer coding is that it can cope not only with the losses due to the 
physical layer, but also to packet losses due to switches and can encode large files as singular 
units. In the satellite environment transport layer coding is a powerful tool for combating slow 
fading events, which have time delays larger than the typical channel interleaver size, e.g. 
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land-mobile satellite channel, but also maritime slow fading for applications whose transfer 
time is larger than these events.  

A second important aspect is that by using coding for broadcast/multicast applications at the 
transport layer, the reliability scales very favourably with the number of users and Hybrid-II 
ARQ approaches can be implemented, which allow to decrease drastically the necessary 
amount of repetitions for reliable transmission for large audiences. 

Open Issues: An open question with regard to this approach is still the optimal coding 
approach (interleaved Reed-Solomon vs. Low Density Parity Check (LDPC) codes) and 
especially the implementation issues in regard to the Hybrid-II ARQ. But particularly 
important for the satellite field is its capability to combat land-mobile fading events and in 
that regard its integration in the protocol/application layer (MPEG vs. IP) and optimal 
retransmission strategies for multicast applications. 

On going research projects: ESA Ku-Band Mobile Demonstrator, Sat@once, ESA Multi-
Media-Van 

Short Term Goal: Finding optimal implementations for satellite specific solution and 
introduce them into standardization. 

6.4.5 Mobility Management  

6.4.5.1 Intra system mobility management 
 
Most ASMSs would need an intra-system mobility management system, in order to keep track 
of the users' status and location (Satellite, spot, gateway etc.) to facilitate functions such as 
routing, handover (intra-system) and resource management.  

An optimized Mobility Management system design has in general to reflect the satellite radio 
access architecture to achieve a cost efficient implementation. The requirements should be a 
part of the R&D study for the architecture definition.  

Which mobility management implementation is best suited depends on the network 
architecture used - see 6.2 a),b) or c.  

In the T-UMTS integration case, one common number will be the driver for the mobility 
management. The natural and desirable implementation would be to align with the T-UMTS 
and cellular solutions to the maximum possible extent, i.e. using HLR and VLR. One option 
would be to consider the ASMS as an Access Network only, providing a bearer to one or 
more cellular networks (PLMNs), in which case only a VLR would be required, to 
accommodate T-UMTS customers to roam into the ASMS segment. A second option would 
be to consider the ASMS as a PLMN of its own (i.e. Access Network and Core Network), 
allowing the ASMS operator to have its own customer base, in which case both a VLR and 
HLR would be required, to accommodate roaming both ways (including ASMS to T-UMTS). 
In the latter case issues of numbering and routing need to be addressed. 

In the broadcast/multicast overlay case, there would be limited or possibly no need for 
mobility management for the broadcast mode. The content would typically be broadcasted to 
a certain coverage area, typically defined by spots. However, multicast would possibly require 
some mobility management, in order to address the correct group of users in an efficient way 
(e.g. to avoid multicasting in spots where none of the addressed terminals are). If a mobility 
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management system is desirable, there would be freedom in selecting the appropriate 
architecture, in that no mobility management interworking with other networks is envisaged.   

In the stand-alone network case, the ASMS would need mobility management in order to 
support incoming calls (or sessions) from other networks on a single access code/address (e.g. 
the E.164 country code 870 used by Inmarsat ). However, there is no requirement for such a 
system to be integrated with any mobility management system of any other network. Thus, 
there would be freedom in selecting the appropriate architecture, and the selection would 
typically be dependent on constellation type, number of satellites, spots, gateways and so 
forth. One option is to reuse HLR/VLR from cellular systems, but the more natural one, is to 
design a simplified mobility management system optimised towards that particular ASMS.    

Short-term goal: Evaluation and comparison of different types of mobility management 
implementations according to the various system configuration cases, with regard to cost and 
functionality. 

6.4.5.2 Intra-segment Handover  
Mobility management can be performed in two different levels, called micro mobility and 
macro mobility. Issues of adapting mobile IP to handle the macro mobility and issues of 
implementing protocols such as cellular IP and HAWAII to handle micro mobility can be 
investigated.  

If a GEO constellation is used, there will not be big differences between cellular IP and IP 
based S-UMTS in terms of mobility management, except that the satellite delay will increase 
the handover delay. But for non-GEO cases, three types of handover are possible.  

1. Spotbeam handover: It can be considered as micro mobility. The rate is very high. There 
should be very efficient handover mechanism to guarantee required QoS with packet 
mode. 

2. Satellite handover: This can lead to micro mobility or macro mobility depending on the 
connectivity of the satellite with the ground station. 

3. FES handover: This comes under macro mobility. 
The effectiveness of each handover depends on the capability of the each node in the network 
and IP adaptation to each node. 

6.4.5.3 Inter-segment Handover  
Open R&D Issues: On the other hand, the inter-segment handover (ISHO) mechanism must 
take into account the difference between the propagation delays and radio interface 
characteristics of the respective segments. As far as synchronisation is concerned, during the 
handover from terrestrial to satellite or vice versa an asynchronous diversity handover is 
recommended in literature. In this scheme, signalling procedures are performed through both 
links, while the user uses the old traffic link. The target connection will be established while 
the original one is still in use, and at the same time, the two connections will not be used 
simultaneously by the traffic transmission and reception on both links (terrestrial and satellite 
radio links) from the user terminal. In this scheme one connection (original) is used for traffic, 
and the other connection (target) is used for signalling. Thus, no synchronisation is required. 
Considering the above solution, the handover break duration can be reduced to the 
propagation delay difference between satellite and terrestrial radio link, thus can be reduced to 
its minimum level. This scheme is also a “make before break handover”, as when signalling is 
exchanged through the new link before the break of the old one, the call is supported by the 
old channel until the new one is made available. For the initiation process difficulty arises in 



 
 

Technology direction and R&D requirements  

 

  36
 

trying to estimate the relative quality of two systems with different radio interfaces and 
different channel aspects. 

Location management is not that crucial to handover although it is worth noting that location 
management with GEO is much easier than with non-GEO. Location management does not 
directly contribute to QoS improvement of the system except in saving signalling load. 
However, the modifications required in HLR and its functionalities (merging of AuC and 
AAA) and in the HA and FA related to mobile IP should be investigated along with the 
UMTS architecture concepts. 

At the moment, there are several research projects dealing with theses issues: in the 
framework of the VIRTUOUS project, an integration between a satellite UMTS, a terrestrial 
UMTS and a GPRS network has been considered in order to enhance the coverage offered by 
the third generation terrestrial systems. In this context, only an Inter-Segment Roaming (ISR) 
has been considered and analyzed. The user equipment is connected through a terminal inter-
working (T-IWU) unit to the various segments (that are, as already stressed, the S-UMTS, the 
T-UMTS and the GPRS); the T-IWU checks the power of the received signal and performs 
the choice of the appropriate segment before the beginning of the communication session. A 
handover between the segments is not foreseen in this framework. The future research is 
oriented in the direction of allowing the T-IWU to perform its choice, not only according to 
the received electromagnetic signal strength, but also according to the effective resource-
availability of each sub-network. 

Differently from VIRTUOUS, the SUITED project provided the integration between a T-
UMTS, a GPRS segment and a broadband satellite network (EuroSkyWay). In this context, 
the user equipment is connected to the segments through a terminal inter-working unit that is 
also in charge of managing the handover between the segments. The mobility of the user 
terminal is suitably simulated and the necessary procedures to handle the handover have been 
foreseen. In particular the Mobility Management has been realized using the Mobile IP 
protocol which enables a user to be reached when the user is “visiting” a segment different 
from the origin one.  

Furthermore, in SUITED the possibility of exploiting contemporaneously more segments for 
the same session was investigated. 

To have a clear idea of how these issues are faced, refer to the official documents regarding 
the project.  

On going research projects: FIFTH, VIRTUOUS. 
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7 Flexibility and Efficiency Improvements in the Space 
Segment 

The R&D requirements for mobile satellite systems over the next few years will follow the 
trend that has been set over the last 20 or so years. This has been characterized by continually 
progressing system capacities, serving users with smaller and smaller terminals at higher and 
higher bit rates. Given that each new satellite generation occurs roughly every 6 or 7 years, 
the next generation of mobile satellite systems, with capabilities far beyond those of today's 
systems, should be available in the latter half of the current decade. Significant R&D efforts 
have to be made to meet this schedule. 
 
State of the Art: Example of Inmarsat 4 
 

Spacecraft EIRP (dBW) >70   
Number of spot beams >200 

Service link G/T (dB/K) 10-15 
Feeder link G/T (dB/K) -11 

Table 1 State of art of geo-stationary transponder characteristics (2001-2004). 
 
 

7.1 Large Antenna Reflector 
The large reflector antenna is the most promising candidate in GEO systems providing 
Advanced Satellite Mobile Services (ASMS) at L/S band. Large reflectors give high gains and 
allow the accommodation of the high number of spot beams normally required by such 
systems. Currently, the dimension of reflectors for GEO Mobile Satellites is in the 6 to 20 
meters range. 

Satellite Effective 
Antenna 
Aperture 

Type of Antenna 

MSAT/AMSC 6m  

INMARSAT-4 9 m Single Reflector 

ACeS 12 m Double Reflector 

THURAYA 12,25 m (Single Reflector) 

   

ETS VIII 17m (diagonal) (Double 
Reflector) 

Table: GEO mobile satellite antenna reflector dimensions 
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Figure 7-1 : Inmarsat-4 spacecraft 

 

Large Deployable Reflector technologies comprise: 

• Solid Surface Deployable Antennas 

• Mesh Surface Unfurlable Antennas 

• Membrane Surface Inflatable Antennas 

In the Solid Surface Deployable Antenna (SSDA) the surface is split, for example, into two 
wings, each of which is made up of several panels connected by joints. The surface folds by 
wrapping the wings around a central hub. SSDA are suitable for reflectors up to 4-5 m. 
considering their weights and relevant mechanical constraints. 
On the other part, Membrane Surface Inflatable Antennas (MSIA) can, potentially, provide 
large gains in lowering launch costs, through reductions in structure mass and volume even if 
they suffer from difficulty in maintaining their surface accuracy, especially over a long period 
of time in the space environment. The effects of outgassing products of membrane material on 
weight loss, strength loss, surface properties, and re-deposition and condensation on other 
items are not negligible. Furthermore intermodulation products could be generated and 
performance data are not available at the moment. Also, the fact that the surface is solid 
implies that torques are higher than we experienced with mesh reflectors. 
 
Mesh Surface Unfurlable Antenna (MSUA) is the State of the Art in the field of Large 
Deployable Antennas. In MSUA the deployment of the dish is driven by the expansion of a 
ring. The reflecting surface is made a special knitted mat (mesh). The knitting configuration 
provide the control in plane compliance and stiffness. MSUA can provide reduction in mass 
and volume w.r.t SSDA maintaining high surface accuracy and low level of intermodulation 
products.  

On going research projects: 
In the framework of ASTE Program, ESA has placed a contract to a European Industrial 
Team leaded by Alenia Spazio (Italy) for the development of Large Deployable Antenna 
Reflector for Advanced Mobile Communication. The objective of this contract is to develop 
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within 24 months the Engineering Qualification Model of a 12 meter mesh surface unfurlable 
reflector with a surface accuracy suitable both to L-band and to S-band applications with a 
potential growth to 25 meters. Essential parts of unfurlable reflector technology will be 
provided by EGS, a Georgian/Russian Space Company very active in the past for LDAR 
experiments on MIR. 
The activity also includes the assessment of the modifications for an enhanced design of a 
Large Deployable Antenna scaled to 25 meters of diameter. At this preliminary stage it is 
possible to identify the Deployment & Hold Down mechanisms and the Reflector Material & 
Processes as potential areas requiring further R&D activities. 

Time Horizon: 2004 – 2008.  

A 12 meters antenna will be available by 2004-5 timeframe. 

The enhanced 25 meters antenna will be available starting from 2006. 
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7.2  Advanced Spot Beam Technology 
A major characteristic of mobile satellite systems is the limited spectrum allocated for their 
use, and the success of mobile systems relies on the efficient use of this resource. The 
evolution of mobile satellite systems has been to continually increase the capacity in terms of 
kbytes/second/km², and the continuity of this evolution will require higher performance 
satellite designs, leading to higher levels of frequency reuse and possibly smaller spot beam 
sizes. 

State of the art: 

The current state of the art permits generation of ~300 spot beams, via the use of digital or 
analog beam forming of antenna elements (e.g. 120 elements for the case of Inmarsat 4) and 
large reflectors (e.g. 9-12 meters reflectors) on geo-stationary satellites. Larger feed 
assemblies for reflector antennas would provide superior performance, and these would 
almost certainly require some form of deployment system in orbit, since the Inmarsat 4 feed 
size is currently limited by the launcher shroud. Larger reflector antennas are also possible but 
due to antenna scan losses and other payload issues, systems using large reflectors are likely 
to offer regional rather than global coverage. 

Future directions:  

• The obvious difficulties associated with the control, accommodation and deployment of 
large structures of this type are prime research areas.  

• Alternatives to reflector antennas, such as direct radiating arrays, deserve investigation as 
to their feasibility and performance.  

• Adaptive digital beam forming will play an important role in making the future satellite 
services available and also dynamic adaptation of antenna performance in function of real-
time conditions. For example, antenna patterns could be modified in real-time to increase 
isolation performance between users in distinct beams on an as-needed basis. It will then 
be possible to adapt the beam patterns to changes in the traffic pattern in different levels 
of complexity. The most gain is achieved with SDMA (Space Division Multiple Access) 
at single user level: for each user an optimal beam is implemented, minimising the 
interference from co-channel users and, thus maximising the capacity of the system 
[Bjo93, Lue00]. However, there is still a need to investigate in more detail the capacity 
gain achievable with SDMA in different scenarios and to find solutions which involve less 
signal processing and hardware complexity. The whole concept of spotbeams may then 
evolve towards a ‘variable bandwidth power contour’. 

 

State of the Art: Inmarsat 4 satellite 

ESA ASTE ASTE MS 3.3 ITT: Modular Active Phased-Array Antenna (see ESA/EC info day 
presentations) Re-opening possible. 

ESA TRP ITT late 2001: S-UMTS Advanced Mobile Processor (see ESA/EC info day 
presentations). 

A question for the longer term planning of the operators is to identify what is realistically 
achievable in the long term (2010) against frequency band and altitude. The anticipated 
technology limits will allow operators to size their next generation system accordingly. 
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7.3  Feeder Link Antennas  
The evolution of mobile satellite systems has seen dramatic increases in capacity between 
satellite generations, and it is to be expected that this trend will continue into the future. This 
continual expansion will place increasing strains on the feeder link architecture and require a 
move away from the simple global coverage solution currently employed.  

To illustrate this, consider the increasing capacity of Inmarsat's satellites between generations. 
The increase in processed spectrum capacity of the current Inmarsat 4 satellite over that of 
Inmarsat 3 is in the region of 4 times, while the EIRP increase is in the order of 50 times. 
Studies currently underway indicate that it is not unreasonable to expect that the next 
generation of mobile systems will exhibit an increase in spectrum capacity of at least 10 or 20 
times today's requirements, with respect to those of today's satellites. The processed spectrum 
capability of Inmarsat 4 is 120 MHz. 

Future directions:  

In next generation systems, the feeder link spectrum requirement could easily be in excess of 
1GHz and will become a critical element of the system dimensioning. Many of the techniques 
characteristic of the mobile side (multi spot beams, high frequency reuse, flexibility of 
resource allocation, etc) will have to be applied to the feeder side, probably in new frequency 
bands (Ku or Ka-band).  

Consequently, R&D is required to develop such multi-beam feeder antenna architectures, 
along with the associated High Power Amplifier sections, capable of flexible power 
allocation. 

State of the Art: ESA Artes-3 programme. 

7.4  Onboard Processing  
In terms of satellite communications, mobile satellite systems have led the way in the use of 
ground-breaking concepts and technologies in on-board processing. Bandwidth switched 
SAW filtering (Inmarsat 3), transparent digital processing (Inmarsat 4), or regenerative 
transponders (Iridium) are examples of innovative techniques that have been implemented.  

Processors enable flexible and efficient allocation of capacity to satellite beams and ensure 
connectivity between the mobile user and the gateway. The functions typically performed by 
on-board processors are narrowband filtering and routing at IF or base-band frequencies. 
Beam forming may also be a function accomplished by the processor. 

Future directions:  

Next generation mobile satellites will be required to provide higher levels of flexibility, 
particularly since these systems will need multiple gateways which may not be fully deployed 
at service start-up. 

As mentioned previously, the processed capacity of next generation systems will be at least 10 
or 20 times those of the current generation. The processors will need to interface with a much 
higher number of antenna feed array elements and cope with a range of new dynamic control 
techniques aimed at optimising system performance. If next generation mobile satellites are 
required to offer the anticipated increase in capacity, it has to be done within the context of 
severe mass, power and dissipation constraints, and thus exceptional efforts are required on 
the appropriate technological developments to meet the needs of the next generation. 
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Regenerative transponders offer advantages such as robustness to interference, improved link 
optimisation, terminal size reduction, separate optimisation of the feeder and mobile links, 
etc. In the past, operators have been averse to regenerative transponders despite some 
interesting advantages. One solution to the perceived "frozen" state of regenerative 
transponders is to research programmable processors, capable of adapting to new air 
interfaces in-orbit. 

State of the Art: Inmarsat 4, Iridium, AceS, Thuraya, ICO. 

On going research projects: ESA Artes-3 programme . 

Keywords for future directions: Higher Data Rate, Greater Flexibility, Lower power 
consumption and dissipation, in-orbit programmability. 

7.5 Payload Accommodation issues 
Mobile satellite payloads are comprised of a very large, complex assembly of functionalities. 
The issue of how best to accommodate the associated equipments onto current and next 
generation satellite platforms, the interfaces between the payload and the platform, and 
limitations presented by numerous factors, such as the launcher constraints, pose some major 
configuration issues, which require a different approach to the current generation. Particular 
issues requiring attention are how to minimise RF cable runs from the SSPAs to the antenna 
feeds, how to optimise power supply to payload equipments, how to minimize and evacuate 
dissipated power, and the development of new low-masses technologies. 

Furthermore, next generation mobile satellite payloads will use higher power, higher 
dissipation capabilities and larger assembly of equipments, requiring larger platforms. 

Short term goal: 

Development of more efficient, lower mass payloads is needed for next generation mobile 
satellite payload. 

7.6 Intersatellite Links (ISLs)  
Intersatellite links can be used both for GEO and non-GEO constellations. Their purpose is to 
decrease the number of necessary gateways and allow connections routed directly over 
different satellites, forming a true network in space.  

In the mobile arena, aeronautical communications is expected to become one market where 
such global satellite networks could be used. Further, such networks could prove to be 
indispensable, as they alone offer true global coverage, providing access and capacity also to 
the North polar region. In on ground demonstrations, optical ISLs have shown their capability 
to transfer data at high rates (>4 Gbit/s) and Iridium has shown that an ISL network is 
technically feasible. Depending on the advent of such systems, the research on ISLs and 
related network aspects could prove fruitful. The same is true, if in the longer term (>10-15 
years) LEO/MEO/GEO constellations with optical switching capability provide backbone 
capacity for future MSS services. 
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7.7 Data relay 
Optical communications offer the potential for very high bandwidth per user. The SILEX 
system from ESA is the sole operational (since October 1st, 2003) system. A link at 50 Mbps 
has been demonstrated to interconnect the CNES SPOT 4 LEO satellite with the ESA 
ARTEMIS geostationary data relay satellite. Several hundreds of Mbps demonstrated on-
ground within the same context. 

Data relay can be used for mobile users, for instance for UAV’s. This could be of use for 
instance: 

• For Earth observation applications, to monitor the environment at the local scale with a 
continuous presence, but relaying the data to any place located within the coverage of 
the data relay satellite; 

• For communication applications, where the UAV could be of use for security 
applications to replace failing terrestrial infrastructures (in case of Earthquakes for 
instance). The relay could also allow in this case to extend the elongation of the UAV 
network offering a backbone-like connection. 

 

On-ground interconnectivity has been also demonstrated with the SILEX OGS located in 
Canaries Islands. Diversity-combined optical links with a data relay network could be of use 
for very high-bandwidth interconnection. 

 

State of the Art: SILEX, DLR-LCT,  

On going research projects: Demonstration program initiated by the French MOD on the 
subject. Large on-going investments by the US DOD on the subject. EU CAPANINA, Terra-
SAR (LCT-SX) 

Future directions: Increased capacity per data relay, new techniques for compacting user 
terminals. 
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8 Conclusions 
This report represents the contribution of a significant number of Task Force members, all of 
whom have particular expertise in the mobile satellite area. Whilst this document will be kept 
under review, and will be updated from time to time, this version represents an up-to-date, 
soundly-based assessment of the relevant R&D topics. It is important for the future success of 
advanced satellite mobile systems that the content of this report is acted on, starting 
immediately. 

The key results contained in this report are summarised in the table of R&D priorities in 
section 8.1 below. 

8.1 R&D Priorities 
While all of the research issues considered above are felt to be important for the mobile 
satellite community, different ratings of criticality for the research have been identified.  

The topics are classified in groups from 1-5: 1 means useful R&D activities, 5 signifies 
extremely critical ASMS R&D topics. Topics where there is not a significant amount of 
mobile satellite-specific R&D have in general been given a lower rating, even if the results 
and especially emerging standards from the worldwide R&D can be crucial for mobile 
satellite communication (e.g. IETF work areas). 

Additionally, an indication of the resources required for the different topics is shown, also 
ranging from 1 (short paper study), up to 5 (satellite demonstration needed). So the level of 
importance can be compared against the resources required for a given R&D topic. 

While there is of course no 100% agreement of all the involved members of the ASMS Task 
Force on the subject of priorities, the individual members of the Task Force have attempted 
where possible to reach broad consensus. Where there is a major dissent, it has been noted in 
the table. 
 
Chapter ASMS R&D Topic Criti

cality
Cost, 
Long/ 
Short 
Term 

Disagreements 

3.1.1 Air Interface for Broadcast & MSS integration 5 2, S,*  
3.2.1 improved models of building penetration by 

satellite signals in UMTS radio planning tools 
5 TBD 

3.2.1 Terrestrial repeater technology 2 3, L 
     
3.2.2 Introduction of optimised routing into BM-SC 

architecture 
3 TBD 
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3.2.3 Integration of all these features into a low-cost 
handheld terminal: 
- Intelligent/adaptive filtering capability 
- Large storage capacity  
- Implications of ‘Always-on’ operation (ability 
to filter the content at physical level, to save 
consumption hence autonomy) 
- Robust content management capability that 
can cope with erroneous or truncated data 
- Secure (fraud proof) and manageable 
Conditional Access capability  
- Alerting capability for some content types, e.g. 
urgent road traffic reports 

5 TBD 

3.3.1 Implement ad hoc simulations to characterize 
the benefit of candidate evolutions of the 
standards. 

2 TBD 

3.3.2 Develop an interoperability platform allowing to 
test and demonstrate the interworking  of 
different mobile system solutions for 
broadcast/multicast, including satellite ones. 

2 TBD 

3.4.1 Define, implement and standardise a reliable 
transport protocol and algorithm taking into 
account the satellite mobile environment 

4 TBD 

3.4.2 Define, implement and standardise One to Many 
multimedia Applications for Mobile Systems 

3 TBD 

3.5 Interworking and protocol conversion for 
Broadcast & MSS 

3 2, L 

3.5 Implication of Non-realtime multicast and 
broadcast services 

4 3, S, D 

4.1 Adaptive air interface - adaptive capacity 
allocation 

5 2, S 

4.1 Development of a fully adaptable, scalable air 
interface 

4 3, L, H 

4.2 Efficient backward compatible modulation and 
coding techniques 

4 2, S 

4.2 Higher modulation and coding techniques 3 2, L 
4.3 Improved Space & Time Diversity techniques 3 2, L 
4.4 Ku/Ka-band mobile propagation & channel 

model  
4 3, S 

4.4 Improved models of building penetration by 
ASMS signals 

2 3, L 

4.5 Dynamic spectrum allocation 5 3, S,D 
4.6 Multiuser Detection in the return link 2 2, S 
4.6+ 
5.1 

Multiuser Detection mechanism at the terminal 
for forward link 

2 3, L 

5.1 Efficient SSPA for Laptop Terminals 4 4, S 
5.1 Smart Antennas for Laptop & Vehicular 

Terminal 
4 4, L  

5.1 Multiband Terminal Architecture 4 3, L 
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5.1 Dual polarization capability 2 3, L 
5.2 Flat Steerable Antenna for Vehicles 5 4, S 
5.2 Multimode Antenna (GNSS, S-DAB, (S)-

UMTS) 
4 3, L 

5.3.1 Implementation of Distress and safety, GMDSS 
requirements  

2 2, S 

5.3.1 Investigate the multipath fading in maritime 
environment  

2 3, S 

5.3.1 Mechanisms to allow multiple users to use the 
same terminal  
esp. for maritime and aeronautical applications 

4 2, S 

5.3.2 Aircraft Antenna 4 4, S 
5.3.3 Applicability of 3GPP UMTS Handhelds for 

MSS services  
5 3, S Telenor (1) 

5.3.3. Applicability of Software Radio for MSS 
Handhelds 

3 2, L Telenor (1) 

5.4+ 
5.3.3 

Combined antenna &HF for MSS and 
Navigation  

3 3, S 

5.4 Integration of Navigation & MSS 3 2, L 
6.4.1.1 Study proxy and intelligent prefetching 

strategies for MSS 
3 2, S,* 

6.4.1.2 Development of Router/Interworking Units for 
MSS 

4 2, S 

6.4.1.3 Provision and delivery of services over 
unidirectional links 

3 1, S,* 

6.4.2.1 ESA ATB Test Bed for satellite packet access 
suitable for 3GPP S-UMTS  

3 3, S 

6.4.2.1 Optimised packet access for MSS, including 
QoS, multicast,... 

4 2, L 

6.4.2.1 IP multicast technology, layer 1 & 2 2 2, L BT (4/5) 
6.4.3 Wireless IP optimisation aspects for MSS 3 1, S,* 
6.4.3.2.1 Usability of Call Management protocols for 

MSS  
3 2, S,*  

6.4.3.2 VoIP-based applications and services over an 
ASMS acting as a RAN 

3 2, L,*  

6.4.3.3 Applicability of IP QoS classes and services for 
MSS 

3 2, S,*  

6.4.3.4 Evaluation and comparison of different types of 
mobility management implementations 

3 2, S 

6.4.3.4 Security for Multicast over ASMS 3 2, S  
6.4.5.3 Intersegment Handover  2 2, S 
7.1 Large Antenna Reflector 5 5, L 
7.2 Advanced Spot Beam Technology 5 5, L 
7.3 Increasing the Capacity of Feeder Links 4 4, L 
7.4 Transparent digital processing for ASMS 5 5, S 
7.4 Regenerative transponders for ASMS 4 5, L 
7.5 Larger platforms and improved payload 

accommodation  
5 5, L 

7.6 ISLs 2 4, L  
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For all topics marked with an asterisk (*), the main aim is to follow the on-going 
standardization work in this field and only identify MSS specific topics (3GPP, IETF and for 
broadcast also DVB/DVB-RCS) 

D means demonstration needed and H also Hardware development needed (both only marked, 
where it is not obvious) 
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Abbreviations 
ASMS Advanced Satellite Mobile Systems 

ATM Asynchronous Transfer Mode 

  

CDMA Code Division Multiple Access 

DVB-X Digital Video Broadcasting for mobile terminals (based on DVB-T 
technology) 

GEO Geostationary Earth Orbit 

HAP High Altitude Platform 

IC Interference Cancellation 

ISL Intersatellite Link 

LEO Low Earth Orbit 

MBMS Multimedia Broadcast Multicast Service for 3GPP 

MEO Medium Earth Orbit 

MIMO Systems Multiple Input-Multiple Output Systems 

MSS Mobile Satellite Systems 

PAT Pointing, Acquisition & Tracking 

QoS Quality of Service 

SDMA Space Division Multiple Access 

SDMB Satellite Digital Multimedia Broadcast. It is also referred as 
Satellite MBMS 

SIT Satellite Interactive Terminals, see EN 301 359 

SUT Satellite User Terminal, EN 301 358 

TCP/IP Transport Control Protocol / Internet Protocol 

TDMA Time Division Multiple Access 

WLAN Wireless Local Area Network 
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Projects Home Pages 
ASMS Advanced Satellite Mobile Systems Task Force 

http://www.cordis.lu/ist/ka4/mobile/satcom.htm 

ASILUM Advanced SIgnal processing schemes for Link capacity increase in 
UMTS http://www.ist-asilum.org 

ATB http://telecom.esa.int/artes/artes1/fileincludes/documentation/infoday/
ESA_Mobile_demo_activities_partIII.PDF  

BRAHMS Broadband Access High data rate Multimedia Satellite 
http://www.cselt.it/brahms 

CODIS  content delivery networks in broadcast modes 

DMB (ESA/ASPI) Digital multimedia broadcasting 

DRIVE Dynamic Radio for IP-Services in Vehicular Environments 
http://www.ist-drive.org 

DVB-FMT Protocols and signalling for adaptive Fade Mitigation Techniques 
(FMT) in DVB-RCS multi-beam systems, ESA AO/1-
4241/02/NL/ND 

ESA AO3797 for GNSS integration with (terrestrial) communication. 

FUTURE www.ebanet.it/future.htm 

FIFTH Fast Internet for Fast Trains Host http://www.fifth.it/  

GAUSS  Galileo And Umts Synergetic System 
http://map.cs.telespazio.it/gauss 

GCAP Global Communication Architecture and Protocols for new QoS 
services over IPv6 networks, comparing terrestrial and satellite 
multicast techniques 

GEOCAST Multicast Over Geostationary Ehf Satellites 
http://www.geocast-satellite.com/ 

IBIS Integrated Broadcast Interaction System 

ESA LDAR Large Deployable Antenna Reflector for Advanced Mobile 
Communication 

METRA Multi-Element Transmit and Receive Antennas 
http://www.ist-metra.org 

Mobile Ku-Band 
Terminal (ESA) 

AO/1-3853/01/NL/DS 

MoDiS:  Mobile Digital Satellite, see [MCC02] or  http://www.ist-modis.org

ROBMOD (ESA) Robust Modulation 
S-UMTS W-CDMA air interface and laboratory testbed 

SATIN Satellite-UMTS IP-based Network, see [NKE04] or 
http://www.ee.surrey.ac.uk/Satin 

http://www.cordis.lu/ist/ka4/mobile/satcom.htm
http://www.ist-asilum.org
http://telecom.esa.int/artes/artes1/fileincludes/documentation/infoday/
http://www.cselt.it/brahms
http://www.ist-drive.org
http://www.fifth.it/
http://map.cs.telespazio.it/gauss
http://www.geocast-satellite.com/
http://www.ist-metra.org
http://www.ist-modis.org
http://www.ee.surrey.ac.uk/Satin
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SATIN-7 An innovative SATellite-based public Internet terminals Network 

SATURN Smart Antenna Technology in Universal bRoadband wireless 
Networks http://www.ist-saturn.org 

SUITED http://www.ist-suited.com 

VIRTUOUS http://www.ebanet.it/virtuous.htm  

WirelessCabin www.WirelessCabin.com  

http://www.ist-saturn.org
http://www.ist-suited.com
http://www.ebanet.it/virtuous.htm
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Appendix A 
In the following table the commercial requirements listed in [CG01] are shown in the left 
hand column: in the right hand column are the applicable research topics: 

Service Platforms and Terminals 

Provision of integrated narrow and wideband 
personal communications services on a 
common service platform, 
 so as to enable the users to determine the 
service of choice and ensure that the operators 
may develop and deploy such services 
rapidly; (Also see Tables 1 and 2 below) 

(a) Integration of narrow and wide band 
service  
3.1, 3.5.1, 6.4.3.2 6.4.3.2.1 

(b) Common service platform  
– 4.1, 4.4, 5.1 

(c) Choice of service to users  
–6.4.3.2.1 
- Adaptable terminals: 5.1 

Service platform to support mobility, call 
control and different types of bearers, which 
may differ in flexibility and capabilities and 
are characterised by parameters such as 
throughput, delay tolerance, bit error rate, 
symmetry, etc; 

 

(a) Service platform  
 Adaptable terminal multi-mode, 5.1, 
QOS management 6.4.3.2.1 

(b) Mobility support, 
6.4.5 Mobility management 

(c) Call control support on different types of 
bearers 6.4.3.2.1, 
Inter-working, 6.4.3.3 quality of service 
management and network resource 
management 

Service platform to provide interfaces to 
serving networks and home environments for 
the creation, support and control of all 
services and user applications; 

(a) inter-working, adaptation  6.4.1.2 

(b) inter-working 6.4.3.2.1  

Service to provide easy to use interfaces 
enabling subscribers to control all services 
and user applications; 

User interface, 6.4.3.2.1 

As far as possible, the service platform to 
enable new supplementary services, tele-
services and/or end user applications to be 
supported at minimum cost, with minimum 
disruption of service and within the shortest 
possible time; 

Receiver architecture, 5.1, 6.4.1.2 
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Mobility Management and global service availability 

Global roaming by means of the Virtual 
Home Environment (VHE), which enables 
users to obtain services in a consistent way, 
regardless of their location or the particular 
terminal used, provided that the necessary 
service capabilities are available in the 
serving network 

Global roaming, Virtual home environment 

6.4.5 mobility management/inter-working 

 

 

User-transparent and/or user-selectable 
network handover to enable users the 
flexibility in terms of convenience and cost; 

inter-working, mobility management 6.4.5 

Global Service availability with minimum 
user co-operation, taking into consideration 
difficult propagation environment and user 
preference; 

 
 inter-working, mobility management 6.4.5,  

 

Compatible network location registers to 
facilitate inter-working, requiring specific 
examination of the protocols used between 
location registers, and in particular, 
compatibility between MAP and INAP 
(Intelligent Network Application Protocol) 
protocols; 

 inter-working, mobility management 6.4.5 

 

Mobility management to be performed using 
IP addresses; 

 mobile IP 6.4.5 

Network to support terminal as well as 
personal/user mobility; 

Mobility management 6.4.5 

Handover technique to be optimised for the 
most efficient use of radio resources; 

Mobility management 6.4.5 radio resource 
management, 4.5 and 6.4.5.1  

The handover prediction algorithms in the 
network elements to be optimised so as to 
reduce inter-node signalling within the 
network. 

 
 Mobility management 6.4.5.1 

Even when the session has been set-up, some 
network elements shall manage the mobility 
of the Users. The Mobility Agents (MA) have 
been defined by IETF for this scope. 

 
 IP based mobility management, 6.4.6 

 

Minimal modifications to GSM, GPRS and 
UMTS interfaces and protocols; [Note: This 
requires MSS protocol adaptation and makes 
satellite services appear an extension to the 
terrestrial services]; 

 
6.4, inter-working, mobility management 
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Interworking 

Services supported through a number of sub-
networks with different capabilities in terms 
of parameters such as quality of service; 

6.4.3.2.1 and 6.4.3.3 
Inter-working, QOS management, 
network/radio resource management 

Adaptation/Inter-working functions to 
account for the discontinuous and/or 
asymmetrical nature of tele-
services/applications  

 6.4.1.3, 6.4.3.2.1 and 6.4.2.1 

Single number contact per user; 

 

6.4.1.2 inter-working, 6.4 mobility 
management 

Supplementary service provision and control 
independent of radio operating environment, 
radio interface technology and fixed wire 
transmission systems; 

 
 6.4.5, 6.4.1.2 and 6.4.3.2.1 

 

 

IP Technology 

All types of information to be transported by 
IP packets; 

IP transport over satellite, mobile IP, 6.4 

Mobility management to be performed using 
IP addresses; 

 mobile IP 6.4.6 

Consideration for development and the 
integration of the new IP version (IP v6); 
[Note: IP V6 supports most part of QOS 
functions in a native way] ; 

 Evolution of IP transport over satellite, 6.4.5, 
6.4 

 

Network Resource Management 

Assignment and release of bearers, provided 
by the bearer control function with a 
provision for several bearers to be associated 
with a call and for bearers to be added to a 
call and/or to be released from a call 
following call establishment; 

(a) Assignment/release of bearers during call 
Mobility management 6.4.6, 

(b) Session management  
Radio resource management 6.4.5 

Minimal signaling overheads to maximize 
space segment resource efficiency; 

MSS access technology, radio resource 
management 6.4.3 

 

Network Management 

Flexibility to add and delete resource and 
parties, without compromising the quality of 
service targets. 

 

(a) Flexibility in altering network resource 
and parties  
network management, 6.4.3.2.1 

(b) Maintenance of quality of service -  
quality of service (QOS) management , 
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6.4.3.3 

When network resources allow mechanisms 
to handle QoS options for mobile users, 
particularly in case of handover and route 
optimization, network operators should not 
need to employ different QoS platforms for 
stationary and mobile users as far as feasible; 

NETWORK ARCHITECTURE: 
QOS management   6.4.3.3 

Mechanisms to be introduced to identify 
traffic flows with different QoS attributes, and 
to make it possible to charge the users 
accordingly; Network architecture: 

 
QOS management  6.4.3.3, Network 
management  6.4.3.2.1, 

Network to ensure privacy and security of the 
users as well as the network resources; 

 
Network management  6.4.3.4 

Satisfactory billing and accounting functions;  
Network management, 6.4.3.2.1 

All the network elements shall be aware of 
the type of session going to be set-up at any 
time. In IETF environment, the Session 
Initiation Protocol (SIP) has been defined for 
this scope. It assigns, at the different network 
hierarchies, all the duties that allow the 
provisioning of the service; 

Network management, 6.4.3.2.1 

All the procedures for the Authentication, 
Authorization and Accounting shall be 
defined. IETF has defined the AAA 
procedures for this scope; 

 
Network management, 6.4.3.2.1 and , 6.4.3.4 

 

 

 

 
 

MSS Integration with satellite broadcast technology  

1) Typical applications anticipated are: 
• Audio streaming 
• Low rate video broadcast 
• Data streaming (caching, news down load, 

weather forecast) 
• Audio broadcasts  

 

Application development 
3.4 

2) Two types of distribution services which 
influence the system architecture have been 
identified 

System architecture 3 
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a) Distribution services without user control: 
Broadcast information is supplied by a 
central source where the user can access the 
flow of information without any ability to 
control the start or order of presentation e.g. 
television or audio broadcast services. 

b) Distribution services with user control: 
Broadcast services are a repetitive sequence 
and the ability to access sequence 
numbering allocated to frames of 
information enables the user (or the user’s 
terminal) to control the start and order of 
presentation of information. 

 
3) Several types of terminals are envisaged.  
 

a) Category-1  
• In-car terminals. 
• Handsets. 
• Nomadic terminals. 

 
b) Category-2 
• Portable or wearable device equipped with 

short-range radio access interface or wired 
interface; these terminals can decode 
(source decoding) the signal and optionally 
demodulate the satellite signal.  

• Baseline requirements of terminal types are 
summarized in table 4. 

 

Terminal development: 
User Terminal architecture 
5.1, 5.4 
- separate or integrated with MSS 
terminals, method of switching 
between services, alerting user of an 
incoming call while receiving call 
from the other service, switching 
between calls 
User profile and Database 
management  
 

 

4) User interface requirements of terminals are 
specified in table 5. 

Terminal development 5 

5) Depending on the extent of integration, the 
space segment may be : 
a) Separate space segment, where the space 

segments of MSS and broadcast services are 
separate. The customer may have a separate 
terminal or a dual service terminal.  

b) Integrated space segment, where the 
broadcast and MSS space segments are 
separate. The user may use a single terminal 
for both the services. 

 

Space segment definition 7 
 

6) The following requirements pertain to system 
architecture. 
a) The architecture should provide minimal 

constraint to commercial arrangements in 
provisioning of broadcast services. In 
particular: 

3 Radio interface design, gateway 
architecture, Inter-working and 
protocol conversion, network 
management including Billing, 
accounting and service profile 
management,  
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i) The architecture should provide a 

broadcast content provider an 
independent entry in to the MSS 
network. 

ii) The architecture should allow a MSS 
service provider to add a broadcast 
component to its services [Notes: (i) 
Broadcast content source is different – 
some content overlap with internet is 
possible; (ii) 3GPP architecture may 
have efficiency implications with 
regards to broadcast integration (iii) 
Technical risks may influence the 
preferred start-up architecture - It may 
be necessary to evolve from separate 
ones and converge later.] 

iii) It should be possible to separate billing, 
accounting and customer services of the 
broadcast component from others. 

b) The architecture should allow a phased 
introduction which has no impact on MSS 
(S-UMTS) service introduction schedule 
and pose minimal technical risk to it. 
[Applies to the gateway, user terminals and 
programme management]. 

c) The architecture should not be constrained 
by number of spot beams on a satellite to 
ensure forward compatibility.  

 

architectural implications to support 
users on a single SIM and provide a 
single bill., Implementation issues to 
minimise risk to operators 
 
3.5 Mobility management - 
Definition and Extent of mobility 
management and extent of the 
functionality with MSS  
 
 

 
 
 
 

Terminal type In-car Handset nomadic wearable 

Terminal size To be fitted into the radio 
rack (typ. 15x20x8 cm) 

DIN A5 
should be a 
maximum 

DIN A4 A few cm 
x 10cm 

Antenna size To be fitted on the roof of 
the car (typ. 100x60x1 
cm) 

 DIN A4 - 

Weight Not a constraint (typ a few 
kgs) 

A few 
hundred g. 

Less than 
1kg 

A few 
hundred g. 

Cost 500€ 250€ 500€ 300€ 
Autonomy Always on-battery 5h 10h 3h 

Table 2: Type of terminals for broadcasting services and corresponding characteristics 

 



 
 

Technology direction and R&D requirements  

 

  59
 

 
 
 
 

Type of content Sound Video Rich media 

User interface - Small size 
loudspeaker either 
integrated in the 
phone or not; or 
- Jack phone plug 

Video display 
(screen) 

Video display 
(screen) 

Interaction 
requirement 

Selection of the 
channel (tuning) 
either through a 
mechanical selector 
or through a scroll 
menu on the screen 
(if any) 

Selection of the 
channel (tuning) 
through a scroll 
menu 
“Programming 
Guide”-like 

“Enhanced 
Programming 
Guide”-like 
presentation of 
contents with 
menus and scroll-
up and down bars 

Possible connection 
to other device 

Possible connection 
to a portable music 
device (type MP3 
walkman) 

Possible connection 
to a PC through 
radio (Bluetooth, 
802.11b) or wired 
(USB) interface 

Possible connection 
to a PC through 
radio (Bluetooth, 
802.11b) or wired 
(USB) interface 

Multiple access to 
the terminal 

Not a requirement Not a requirement Simultaneous 
viewing on the 
terminal and on a 
PC of different 
contents should be 
possible 

Table 3: User interfaces for broadcasting services 

 

 

 


