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Abstract

The intention of this article is to stimulate the discussion of
relationships between university and industry research,
especially regarding to applications in future 3rd generation
mobile networks.

Upcoming 3rd generation mobile networks will be briefly
reviewed with respect to required speech technologies. 3G
brings together high-speed radio access and IP-based services
into one, powerful environment thus enabling to realize
Mobile Internet. New location based services expand the
capabilities of the traditional Internet, underlining that
Mobile Internet is not just about making the Internet mobile.
The characteristics of mobile terminals (small size, small
keyboard) and the network (data rate) require e.g. automatic
speech recognition with high demands on noise robustness,
to create convenient user interfaces for the terminals as well
as for services. On the other side, wide spread use of mobile
communication opens opportunities for speech technologies
for the mass market.

New applications such as location-based services (e.g.
finding nearest cinema and streaming of movie trailers)
require to merge different technologies to catalyze these
applications and to make them a success. Up to now this
symbiosis is not sufficiently reflected in traditional
collaboration between research at universities and in
industry. An example to motivate interdisciplinary
information exchange are the 'Ericsson University Days',
which is a regular workshop of Ericsson research with its
university partners.

1. Introduction

Focussing on automatic speech recognition as one major
representative of a set of speech technologies, several
applications have been launched in the past with more or less
success:
• Command and control of devices such as VCR's, TV sets

etc.
• Dictation products for PC's and workstations
• Telephone network based applications such as

information retrieval, telephone directory assistance and
others.

Despite current difficulties in the transition phase from 2nd
to 3rd generation mobile networks, telecommunications and
the long expected merge of telecommunication and data
communication is still an emerging market and will be a
driving force in the future. Furthermore it will allow new
applications for voice technologies with specific demands.

The key elements of 3G networks are
• high-speed radio access and
• IP-based services
Internet was the driving factor in the previous years in data
communication with exponential growth, being dominated by
fixed Internet access with PC's. With the growing number of
cellular phones (for the year 2004 the number of cellular
subscribers is expected to exceed the number of fixed line
subscribers), the number of users, accessing the Internet via
a radio communication is increasing as well. Low data rate
communications and the fact, that the cellular device is just
used to access the Internet, characterizes these services (such
as e.g. IMode in Japan and WAP in GSM systems).

With the introduction of 3rd generation mobile systems
there is a shift towards a Mobile Internet, which is not just a
mobile access to the traditional Internet. First of all the
access will move from a PC centric access to a cellular phone
or PDA centric access with different terminal capabilities
(e.g. keyboard), yielding mobility as one differentiation
factor. Personalized devices as well as personalized services
is another important topic. As a result of mobility,
positioning will be a prerequisite, which will enable a lot of
new location dependent applications (e.g. finding the closest
bank to the actual location).

The combination of these new Internet features together
with high data rate communication in 3G networks will
create new opportunities and requirements for speech
technologies.

The remainder of this paper is structured as follows: In
chapter 2 a brief description of 3G / UMTS networks and
their characteristics will be given, followed by resulting
potential new services. Impacts and requirements on speech
coding and speech recognition will be discussed in chapter 3.
Current ways of collaboration between university and
industry research shall be outlined in chapter 4 together with
a possibility to effectively improve information exchange
between industry and university as well as between different
scientific disciplines (e.g. radio access - protocols - speech
coding). In chapter 5 conclusions will be given.

2. Mobile Networks 3rd Generation

With EDGE, WCDMA, cdma2000 and Wireless LAN (see
[3] for explanations), there exist 4 different 3rd generation
mobile network technologies. For simplicity there will be a
focus on WCDMA networks in this chapter.
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Data Rates
2nd generation mobile networks such as GSM, TDMA and
PDC were designed for speech services as the dominating
application with the network architecture following the
requirements of speech transmission (circuit switched,
frequency and time multiplex etc.). Data transmission with
9.6 kbit/s just allowed to fulfil basic communication needs.
Recently more sophisticated technologies such as HSCD and
GPRS improved the available transmission rate to almost
ISDN speed (64 kb/s).

Nevertheless high-speed radio access is still reserved for
3rd generation mobile networks. The radio access scheme of
UMTS allows flexible data rates from a few Kb/s up to 384
Kb/s or even up to 2 Mb/s under ideal conditions. This will
allow new applications using fast Internet access, voice and
video communications.

Figure 1 3G Open Application Architecture

Applications, Mobile Internet

The underlying connectivity layer of mobile networks will be
a multi-service backbone IP network (as depicted in Figure 1)
integrating via media-gateways (MGW) both wireless and
wire-line access networks. Adding new features, Mobile
Internet will become an extension to the known Internet,
allowing completely new applications:

• Mobility: Internet access any time, everywhere from any
terminals with different capabilities

• Positioning: exact destination of the user allows
location specific information

• Personalized: the mobile phone as personal property for
Internet access allows personalized applications and
profiles

• Transaction capabilities

Just some examples from the variety of applications can be
found in the area of mobile infotainment. This includes
personalized information services (web pages including
download of audio and video clips) on news, sports etc. It
might cover entertainment such as music download or playing
games and furthermore navigation services (e.g. showing
route to the nearest restaurant). Completely different
application areas can be found in Mobile Messaging with
email, voice-mail, video/image-mail and in Mobile Commerce
(banking, trading, ticketing, shopping).

Summarizing potential 3G applications, there will be just
a few voice only applications. The majority will be multi-
media using voice, data, image and video information.

As a result different research areas have to interact to
realize effective services. In a mobile infotainment
application video coding for video clips, audio coding for
announcements and speech control to address a personalized
information page is integrated. Thus effective video and
audio coding schemes are required, which take into account
the characteristics of the radio channel and the adapted
channel coding schemes.

Future Terminals

It is not just the applications and services we access that are
going to change through 3G capabilities. The devices to
access 3G are going to be quite different from the phones we
use today. There will still be recognizable mobile phones, but
also smartphones and communicators that combine PDA-style
functionality with voice services. All devices will be small
and light weight with larger screens to display graphics, video
clips etc. Thus the complexity of the keyboard will be rather
limited and maybe reduced to a few buttons.

3. Impacts and Requirements on Speech
Technologies

3.1. New Architectures

Focussing on the impact on speech technologies from 3G
there will be potentially new architectures of network and
terminal centric speech applications. Speech recognition is
almost a de facto standard in mobile phones if it comes to
terminal centric functionality. With the increase of memory
and computational load in 3G terminals (required for audio /
video streaming) the capabilities will become higher. On the
other side network speech recognition servers will be
required to solve more complex tasks for e.g. navigation
services. Standardization activities of distributed speech
recognition services (e.g. Aurora see [2]) might be another
part towards consistent user interfaces.

3.2. Automatic Speech Recognition

3.2.1. Acoustics

Mobility means mobile phones are used anytime, anywhere
with no restrictions. With respect to background noise, this
means rather often an acoustically unfriendly environment,
such as railway stations, airports, exhibitions and the
automotive environment with optional use of hands-free
equipment. Speech recognition has to deliver a high
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performance and reliability in all conditions. This yields for
terminal centric as well as for network centric speech
recognition.

3.2.2. Hardware restrictions

Focussing on mobile phones as consumer products, they are
manufactured in high volumes and are highly cost
optimized. As an impact of cost and small physical size,
existing processing capabilities and memory have to be
shared with other applications in the phone. Concerning
speech recognition in mobile phones a three bottleneck
problem can be defined:

• Processing capabilities:

Audio coding and video coding require considerable
processing power realized with a powerful DSP. Up to
200 MIPS in the next years can be expected in a 'normal'
telephone. Thus this bottleneck will not exist anymore
(excluding applications requiring large vocabulary
recognition)

• Memory

is one of the most important cost factors for mobile
phones. Therefore it will be always scarce and limited
resulting in simplifications for speech recognition
algorithms (e.g. limiting the feature vector size or the
number of mixture densities in the search).

• Memory-access:

Typically a multi-processor architecture is used, each
processor responsible for different tasks and different
processing capabilities. This leads often to the situation
that the memory space of the vocabulary is not attached
to the processor performing speech recognition. Since
also the transfer rates are limited, algorithms have to be
designed with respect to limited memory access
bandwidth.

3.3. Speech Coding

The standardization of the AMR (Adaptive Multi-Rate) codec
was already driven from the mobile telephony business,
which will be introduced in 2G (GSM) and primarily in 3G
systems. The idea of AMR is to choose one coding scheme
out of a set of coding schemes with different bit rates
depending on the transmission quality of the radio channel.
This proves again the issue of interdisciplinary co-operations,
because the unused capacity for a low bit rate speech coding
scheme under bad channel conditions can be used to improve
overall robustness by adding redundancy in the channel
coding scheme.

Solutions to overcome the limited telephone speech
bandwidth have been discussed for some while. With the
introduction of new worldwide mobile networks there is a
potential to dramatically increase speech intelligibility with
the migration from AMR to wide-band AMR.

Audio streaming included in infotainment applications
raises demands for new speech coding schemes. Real-time
coding mainly drives current work on speech coding. IP
based audio streaming allows development of more

sophisticated coders with lower bit rates, since due to the off-
line coding nature the analysis window can be extended
considerably above current 10-20 ms frames.

4. Discussion of University - Industry Relation

4.1. Role of Industry and University

Prior to discussing the relation between university and
industry, their specific role shall be briefly reviewed.

One of the main responsibilities of the university is the
education. Skilled students with knowledge in leading edge
technologies are an essential outcome for a modern society.
Another important topic is the creation of new ideas, based
on a long-term research strategy.

On the other side the main purpose of industry is to
create profit by making cost effective products with optimal
technology. This implies that industry research has the task
to supply the company with the right technology at the right
time. Consequently this narrows the scope of industry
research.

As a result a continuous interaction and information
exchange between university and industry research is
required to guide short to mid term industry and mid to long
term university research.

4.2. Traditional / Usual Way

4.2.1. Information exchange on Conferences

Conferences are one common way to exchange information
between various institutions (university, industry, government
administration etc.). Many conferences are held on a special
scientific discipline such as e.g. Eurospeech on speech
technology, (see Figure 2) allowing experts to meet experts
from the same field. Such conferences ideally allow getting a
broad overview and catching the trends of a specific
technology field. As a consequence, interdisciplinary
information exchange with other technology areas is hardly
achieved. As an effect of the high number of participants,
conferences are not ideally suited to focus on detailed
problems, thus requiring workshops or other means of
exchange.

Figure 2 Representation of a scientific conference
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4.2.2. Collaborations on project Level

Common projects between universities and the industry are
another way of co-operation and also of information
exchange. In Figure 3, a company requiring different
technology areas (such as e.g. video processing, speech
processing etc.) for its product portfolio has projects with
several universities. In the course of these projects there are
discussions between the project partners, typically on a very
detailed level, characterized by an expert-to-expert relation.
While in industry research the interdisciplinary information
exchange to build new services is established (with
workshops, common meetings between technology areas etc.),
this is not achieved among the universities.

Figure 3 University-Industry co-operation in projects

4.3. Ericsson Cooperation

Inside Ericsson the traditional ways of information exchange
via conferences, workshops (see 4.2.1), as well close co-
operations with universities in projects (see 4.2.2) are used.
To maintain technology leadership both of our industry
research as well as our partners in the university domain,
other means are established to promote interdisciplinary
partnership, which is required to build future mobile services.

Figure 4 Interdisciplinary partnership within
Ericsson

4.3.1. Ericsson university days

Ericsson Research and the relation to university is shown in a
simplified way in Figure 4. Each technology area has projects
with different universities. To bridge the boundaries of the
technology area the Ericsson Research Days conference has
been established, which is held regularly once a year. There
is a restricted audience with all university partners and
Ericsson research representatives. High-level information
exchange is obtained, but with the option to start detailled
discussions, if required on a specific topic. Furthermore
information exchange across all disciplines is achieved,
which is necessary to build a end to end mobile networks.

4.3.2. Shared Research Centers

While the Ericsson Research Days are a good means to
promote cross-disciplinary ideas, information exchange and to
balance Ericsson strategies on a mid term basis, there is just
limited impact on a daily basis.

An even deeper way of partnership between university
and industry, as well as between technology areas, is
obtained by starting shared research centers, owned by a
university and one or more companies. One example is the
Mäkitalo Research Centre (MRC) as a part of CDT (Centre
for Distance-spanning Technology), a joint venture between
Telia, Ericsson, Luleå University of Technology and two
further smaller companies. The goal of the research center is
the development of distance-spanning mobile services by
acting like a 'melting-pot' for product-, service and content
providers, researchers of different technology areas and
application developers. One result of this joint effort was the
successful development of the ROCCO algorithm for RObust
Check-sum based header COmpression in IP communication.
The algorithm was standardized in IETF, Internet
Engineering Task Force, demonstrated live together with
Japan Telecom and the project received the prize 'framsteget'
a Swedish prize for the best IT research project done last
year.

5. Conclusions

3G networks and applications in Mobile Internet open up new
possibilities, but also new requirements on speech
technologies. Applications will be multi-media incorporating
data, speech, image and video, thus requiring different
scientific disciplines co-operating closely together. While this
inter-disciplinary information exchange and co-operation is
already deployed in industry research, new ways of co-
operation between industry and university are required. The
Ericsson University Days is just one first step in this direction
enabling Ericsson to retain its technical leadership in mobile
telephony.
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