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I. 
 Executive Summary

This White Paper is a result of the user-focus research that continues throughout TRUST
. It describes TRUST’s user requirements methodology and results, primarily for end users. This user requirements work in TRUST is intended to provide a user focus and help scope technology developments.

Software reconfigurable mobile systems are purported to offer many advantages to the wireless end user and network operator in the 3G and 4G worlds. However, in order for the technology to move forward into effective and useful products, it is necessary to understand end user and operator needs. Of the much-heralded advantages of SDR, two areas are of particular interest: user control of reconfiguration, and specification and control of quality of service (especially for multimedia).

The White Paper identifies the need for an investigation of ‘real’ user requirements for reconfigurable systems, and outlines the requirements gathering methodology that has been used, focusing upon current advanced users.  Results from this research are provided in the form of a number of user scenarios and use cases, and initial end-user and operator requirements for SDR.  Future work aims to refine and validate these requirements through more detailed analysis of the use cases, and through prototyping and evaluation of interactive user interfaces to represent possible configurations for different usage scenarios.

The user requirements research reported in this paper provides a valuable input to TRUST’s technical work packages, by helping to scope the necessary technology developments from the user’s perspective.  This research suggests that future users are likely to have strong expectations about the purported advantages of SDR.  It is argued that these expectations must be understood and addressed if SDR enabled systems and services are to become financially viable.

II. Introduction

TRUST’s Objectives on User Requirements

The reconfigurable software radio concept has been an active research topic for many years (see Drew et al, 2000 for further discussion). This was driven initially by Military requirements for flexibility, but more recently by the commercial pressure to take advantage of economies of scale, reductions in maintenance costs and more efficient utilisation of spectrum. Therefore, initial projects looking at this concept have focussed on the technology for providing multi-mode and software reconfigurable terminals. The Transparently Reconfigurable UbiquitouS Terminal (TRUST) project differs in that it examines user requirements in order to identify the frameworks and systems that are needed to support software reconfigurable radios from the users’ perspective. The primary goal of the TRUST project is to realise the user potential of re-configurable radio systems, which will provide network connectivity and services when and where they are required. The project will achieve this through a four-step process:

· Understand the users’ requirements from their perspective of the system: “the terminal”
· Translate these users’ requirements into technology requirements

· Advance the terminal and network technologies through research and innovation

· Validate, promote and disseminate these advancements and technologies

This White Paper describes work that has been carried out to address the first objective and reflects some of the results of the user-focus research that continues throughout TRUST. It describes TRUST’s user requirements methodology and results, primarily for end users. This user requirements work in TRUST is intended to provide a user focus and help scope technology developments.

The Need for User Requirements Research

Software reconfigurable mobile systems (referred to as “SDR” - software defined radio) are seen as an essential part of future 3G and 4G wireless systems. Owing to the programmable nature of the terminal, it can have its many facets (air interface and therefore data-rate, middleware and applications) reconfigured. Given that the enabling technologies required for reconfiguration are developing rapidly (e.g. high speed DSPs and processor cores, adaptive antennas, multimedia codecs), it is crucial that detailed end user requirements work is carried out before the technology mould is set.

The area of reconfigurable radio is the subject of several standardization groups and industrial fora (e.g. ITU, ETSI, IEEE, 3GPP, SDR Forum, WAP Forum, OMG). Although a small (but growing) amount of work has been conducted in the mobile and wireless domains, there has been little work specifically addressing what reconfigurable systems can offer to users. What current standardisation activities lack is the inclusion of systematic user research at the beginning and throughout their duration. Only little mention is given to a user-centred terminal design process which analyses end user needs in detail.

Mobile systems utilising SDR technology will only be adopted if they satisfy the needs of end users, operators, service providers and regulators.  TRUST’s focus is on end users and therefore key end user trends must be considered, such as:

· Increased user mobility.

· Increased demand on users as employees to be contactable and to react immediately to work requests whilst mobile.

· Increased penetration of IT and communications technologies, with a consequent increase in user awareness and expectation of wireless infrastructure, terminals and services.

It can be anticipated that the users likely to adopt SDR systems are already experienced with downloading software, mobile services, network roaming and multimedia; they are likely to have strong expectations about the purported advantages of SDR. The TRUST user requirements work therefore aims to provide guidance to the TRUST technology research by generating compelling usage scenarios and requirements directly from potential end users. 

III. TRUST and the User Requirements methodology

The main intention of TRUST’s user related work is to avoid technologist ‘wish-lists’ that often masquerade as user requirements.  This is achieved by using a requirements gathering methodology that elicits information directly from real advanced users in order to anticipate future user needs.  The results of this study are qualitative user scenarios (and resultant use cases) and high level end user and operator requirements.  The chosen methodology was challenged by the difficulties of requirement gathering for a nascent technology (see Beyer and Holzblatt, 1998).  For TRUST, this problem is compounded since the project’s remit is very broad and will impact SDR systems (and future users) in many ways.  In addition, no prototype implementations exist (above the physical layer) and the impacts of the technology are difficult to describe to users.  The user interface design literature addresses user requirements at three levels, as shown in Table 1.  Thus far, the TRUST user requirements work has identified initial user requirements.    Only later in the project when specific scenarios are investigated will these requirements be validated, and more detailed requirements gained through specific usage prototyping and user evaluation. 

Requirement Level
Capture Method
Example Qualitative Requirement

High: related to the user’s activity, not the system (no mention of user-system dialogue).
Observation, interview, focus groups, questionnaires
“I want to control how much a call costs”

Medium: defines what the user is willing to do with the system.
Interview, focus groups, subjective and objective tests with paper prototypes, high fidelity prototyping
“I want to be able to select my network based on cost”

Low: defines the representational and interactive needs of the user interface.
Interview, focus groups, tests with detailed UI descriptions
“I prefer iconic representation of service types”

Table 1: Levels of end user requirements

The requirements methodology, based on the Lead User approach (Urban and Hippel, 1988), necessitated the definition of target Lead User groups.  Since TRUST is addressing both end-users and operators, Lead User definitions were described for each user type as shown in Table 2.  The TRUST end-user description focused upon a Lead User group of advanced cellular and Internet users, who would have some experience, albeit analogously, with the advantages that SDR is purported to offer.  The operator Lead User Group were to be holders of UMTS licenses who are already launching WAP and other data services.  

End-User Description: the multimedia consumer at work and at home:  Roams between countries. Relies on the internet and used to downloading software to PC or other device. Uses device in buildings, in cars, on public transport and while walking. Services of interest would be a mixture of audio, text and multimedia and are mostly asymmetrical. Interested in high-level personalisation of the handset and services. Already owns a high-tier GSM phone with WAP capability.

Operator Description: the next generation operator: A GSM operator who has a UMTS licence and is investing in islands of UMTS upgrades. They are already offering WAP-enabled handsets and WML services. They may develop their own services and will offer open platforms to other service providers.

Table 2: Lead User Descriptions

From these Lead User definitions, a number of user and operator interest areas were defined to represent both the key technical areas in TRUST and the main areas that would affect the end-user or operator.  A workshop was held with the TRUST technical partners, and the interest areas were discussed and solutions brainstormed.  Key user-related questions were identified, and these questions acted as a guide for the next stage of requirements analysis:

End user

· EU1: How willing will users be to be involved in the various levels of terminal reconfiguration?

· EU2: How will users control the quality of service offered by a network?

· EU3: What levels of certification will be offered?

· EU4: What levels of security should be offered?

· EU5: How long should a mode switch take?

· EU6: What quality/cost relationships exist?

· EU7: How big should the terminal be?

· EU8: How frequently will software be downloaded?

· EU9: What control do users want over multimedia quality in a multimode situation?

Operator

· O1: What do operators want out of reconfigurability?

· O2: How much control will they want over service provision?

· O3: What control do they want over air interfaces?

· O4: How will they compete in the SDR world?

A number of data collection techniques (questionnaires, interviews and focus groups) were used to generate scenarios and high level requirements for the Lead end-user, which, guided by the technical areas requiring input in TRUST, are presented in the next section of this paper.  Given the broad scope of TRUST, the scenarios and use cases are intentionally wide ranging (though restricted to likely activities of the lead user Groups).  The scenarios and use cases generated cover three types of user: a travelling salesman, a digital film director and a musician.  These three user profiles, drawn from the lead user group, gave rise to a number of scenarios and use cases. 

In all data collection methods, end-users discussed their current usage of those technologies whose function is analogous to what SDR may offer (i.e. Internet, software download, mobile telephony, GSM network roaming and device personalisation).  Users were also presented with the view of how current mobile communications and IT would be enhanced by SDR; they then gave feedback with respect to scenarios within this future world.  Of particular interest were multimedia service requirements, and the need to generate scalable video requirements. In all focus groups and interviews, examples of the varying multimedia quality that is possible with air interface and mode reconfigurability were presented (using video sequences from TRUST’s Enabling Technologies Work Package).  The sequences were used to represent a broadcast call and a multimedia call, and to facilitate the end-users’ understanding of the future capabilities of SDR. 

A Lead-user Group was also defined for the operator as shown in Table 2; they were to be holders of UMTS licenses who are already launching WAP and other data services.  The requirements gathering work for this group was more limited than for the end users, but the aim was to generate possible operator business models and high-level operator requirements for the future SDR world.  Three data collections methods were used: an in-depth study of the telecommunications market; a questionnaire distributed to four European operators; and an in-depth interview with a UK operator.  There was only limited feedback from the questionnaires, partly due to concerns of confidentiality.  In place of extensive operator feedback, the high-level operator requirements are therefore based mostly upon market studies and experience from two TRUST operator organisations (Telefonica and France Telecom).  However, some key requirements emerged showing that operators are keen to control their own reconfiguration and to ‘own’ the user; acting as a conduit for content.  These operator requirements together with a number of possible SDR business models that were identified are available in Williams, Ballesteros, Martinez and Morata (2000).   

IV. End User Requirements

For end users, the use of SDR will not be an end in itself but will support future mobile communication tasks.  In order to motivate relevant requirements, likely SDR activities therefore need to be determined.  A key assumption is that current lead users will do with SDR to a large extent what they do with their current advanced technologies now.  Thus, by questioning exemplar users from the Lead User group (identified in Table 2) about their current activities, an indicative set of scenarios can be generated.

The exemplar SDR Lead Users shown in Table 3 are based upon real people who participated in the data gathering, referred to as Peter, Sarah and Alex.  These exemplar lead users are sufficiently different as to generate a range of scenarios and requirements, and were also selected to avoid focusing solely upon the stereotypical business user.  


Peter
Sarah
Alex

Profession
Sales Director
Film Director
Musician

Work Information Requirements
Competitor information, e-mail, contacts, schedules, shares, hotels, flights, banking, weather
Contacts, video clips, audio clips, location descriptions
Contacts, MP3 clips, any other audio format clips

Work Application Requirements
Software updates, virus updates, utilities, demos, video/ audio players
Video editing, schedulers, contact list
Contact and schedule management, audio mixing

Personal Information Requirements
Sports, cinema, holidays, shops, education, houses, cars, shares, banking, pictures
Cinema, holidays, shops, education, banking, pictures
Entertainment, holidays, music technology

Personal Application Requirements
Demos, video/audio players
Video player, schedulers, contact list
Audio player

Where mobile communications used
Office, home, car, public places, public transport. Home and abroad 
Home, indoor/ outdoor film locations, car, public transport: national and international
Home, recording studios, car, public transport: national and international

Table 3: Lead User Exemplars

The three exemplar users described in Table 3 were used as the basis for scenario analysis.  Initial scenarios were presented to participants during the in-depth interviews and focus groups, and discussion held on the current and future technical solutions for each scenario.  Since it is important that scenarios can map onto system level descriptions, each scenario was broken down into sub-scenarios (called use cases).  Use cases capture particular examples within a scenario and address the most important facets of future SDR, namely: mobility requirements, download behaviours, communication behaviours, environments and TRUST technical areas.  Later work in TRUST will identify key use cases and describe them in a formal notation (such as UML) in order to run them on SDR system level simulations.  In addition, user interface prototyping will be carried out to obtain more detailed low-level requirements.  The user scenarios (e.g. PWS1) and use cases (e.g. P1) for each of the three exemplar Lead Users are shown in Table 4.  The source of data for each particular scenario description and use case is cross referenced to the relevant data collection method (q=questionnaire; i=interview; fg=focus group).

Peter (P): Travelling Salesman

Work Scenarios (WS)

PWS1:
Providing client confidential product information (brochures, text descriptions, video sequences) to clients from where ever I am [i, fg]

P1:
High speed access, whilst mobile, to own space on corporate Internet to get product info.

P2:
Access to info near/on client site [fg]

P3:
Have to leave own company office to go to client but download started by wire at desk.  Need to continue download in car on way to client.[q]

PWS2:
Link to client at all times (in home building or in car/home/abroad). [i, fg]

P4:
Waiting for an important client call but driving through area of patchy coverage.  Must receive call.  [fg]

P5:
Arrive in foreign airport.  Must make a voice call to client immediately [i].

PWS3:
Accessing contacts and schedule when mobile [I]

P6:
Need access to central contacts and schedule database when in foreign country  (with unknown network) [fg]

P7:
Need to download new contacts management application. [i]

PWS4:
Watching streamed Internet presentation.[q]

P8:
Have to leave desktop machine to travel to meeting by train but must keep watching streamed video presentation at highest quality. [q]

P9:
Have to leave desktop machine to walk around building must keep watching streamed video.  Don’t mind if quality degrades.[fg]

Personal Scenarios (PS)

PPS1:
Organising family (q, fg)

P10:
Contact family when car has broken down in the middle of the countryside where there is little/no coverage. [q]

P11:
Send video of where you are  to relatives when on holiday [m]

Sarah (S): Film Producer

Work Scenarios

SWS1:
Scheduling appointments.

S1
Download of new diary application from web site when on train .[fg]

S2
Allow remote clients access to the schedule on Sarah’s device [fg]

SWS2:
 Being contactable wherever she is.[I]

S3
Must receive streamed video clips at home and quickly. .[fg]

S4
Move to new country and have immediate e-mail, fax and video service .[fg]

SWS3:
Travelling to film locations in other countries.

S5
Need to view footage filmed so far whilst travelling to location.  Highest video quality imperative. .[fg]

S6
Need to review scripts and storyboards .[fg]

SWS4:
Attending film premieres

S7
Meet with collaborators and exchange clips .[fg]

S8
Load clips of latest films in development and send to remote studio .[fg]

SWS5:
Assessing video clips from different filming locations [fg]

S9:
Clips must be received as soon as possible and viewed.[fg]

S10:
Latest version of editing tool is required.  The application is professional and therefore very large. [fg]

Personal Scenarios

SPS1:
Contacting individual friends from anywhere in the world [I]

S11:
Contacting individual friends from anywhere in the world
As PWS2.

S12:
Need to have a video conference with three friends whilst mobile.  Want to see faces on device display.  Quality is not important [mq]

Alex (A): Musician

Work Scenarios

AWS1:
Accessing Internet music when mobile anywhere in the world [fg]

A1:
A pop video has to be downloaded and an audio track must be mixed from Internet samples and added.  The final product must be sent to a client.  All done whilst on tour bus in another country.[fg]

A2:
Working on a new theme tune.  Need to download drum line from server whilst travelling to studio. [fg]

Personal Scenarios

APS1:
Contacting individual friends from anywhere in the world (See SPS1)

A3:
Need to set up a multimedia call.  Quality is not important. [fg]

A4:
Need to send application to friend.  Application is large.  Quite important that it is received quickly [fg]

APS2:
Listening to real-audio radio stations [fg]

A5:
Listen to radio station whilst mobile [fg]

A6:
Record radio for later use in a track.  Highest quality is imperative [fg]

Table 4: SDR User Scenarios and Use Cases

An analysis of all the data collected from the questionnaires and during the in-depth interviews and focus groups enabled the identification of a number of initial end-user requirements for future SDR.    A summary of these requirements is provided in Table 5.  In some cases the requirements appear to be conflicting, as they represent the views from different types of user (‘gadget crazy’ and ‘don’t touch it’).  However, these initial requirements provide some indication of the breadth of issues with which future users of SDR devices will be concerned, and hence provide technology developers with valuable information regarding the underlying functionality that will be required.  The detailed analysis, breakdown by user type and business/personal requirements, and individual data sources are provided in Williams et al (2000).

The three user profiles (Peter, Sarah, Alex) have given rise to a number of scenarios and use cases covering: multimedia collaboration, video and audio streaming, global roaming and information exchange, instant messaging and wireless LAN to WAN download.  The next stage of this user requirements research will be to work closely with the technical Work Packages within TRUST to select the most pertinent scenarios and use cases, and to analyse them in detail through prototyping and simulation.   It is here that trade-offs between the initial user requirements can be investigated, and more detailed requirements generated.

Of particular interest were multimedia service requirements.  The specific multimedia requirements that emerged showed that the required quality (in terms of frame-rate and clarity) is highly task and cost dependent, as is reflected in the medium level requirements shown in Table 5.  Users were also quite aware that a ‘download and watch later’ approach could be more attractive to them in less time critical situations.

High Level Requirements: User Needs

· Need to work effectively when mobile

· Like to show off the things I own (status)

· Like to reconfigure and personalize devices e.g. PC, Palm

· Like to have control over devices and add what I want

· Operators can only differentiate on customer support

· SDR must offer more than the Internet

· May only use the phone for short term needs since its tiring and bad for your health

· Want freedom (to move between networks) and flexibility (to choose services)

· Need communications when travelling

· Technology must work at all times

· Always need to be contactable

· Need to talk to groups

· Want to be able to use mobile device for everything, as with the Internet

· Want to change devices but keep data

· Will choose a network with a good brand image

· Wants a device that is “confidently multifunctional”

· Does not want to be bombarded with information from all the different networks being used

· Do not trust big corporations to send them anything

· Does not have time to be playing with phone

· May be cynical about new technologies as “all marketing”



Medium Level Requirements: System Needs

Download
· Download needs to be secure

· Should be protection against viruses

· Device should not download anything without user’s permission

· Want some control over what information and applications are downloaded

· Device must be fully operational whilst downloading

· If special software is required to view downloaded information, this should be downloaded as well

· Fixes for bugs should only be downloaded if user has found the bug

· Want to download anything used at work or on PC 

· New software must inter-operate and be compatible with software already on the device

· Installation of new software must be very quick (no slower than Palm or PC)

· Download should be as easy as the Palm

· Would want to download and use software on long journeys in car, train, plane

· Would like to share software between friends/colleagues

· Download of data may be more likely than download of applications

Air Interface
· Often want to just switch on and make a call, and then won’t care about the network

· There must at least be a good signal everywhere and access to the network for all calls

· Must be able to roam in home country

· Want to be able to go to another country and just switch the phone on and use it

· When abroad there should be no need to dial an international code to another person who is roaming in the same country

· Set cost constraints as a preference for networks (bearers)

· Want to see cost and service parameters (coverage, functions) of available networks before making a change to a new network

· Want some generic measure of network quality e.g. coverage, capacity restrictions, to help select networks

· Changes between networks (including LAN to WAN) should be seamless

· Want to change network settings regularly to satisfy current value constraints

· Don’t mind automatic roaming, but the device should be more intelligent and roam on more parameters than signal strength, e.g. cost

· Don’t expect to pay for intra-standard changes

· Willing to let the device search for the best network in terms of cost and data capacity, user constraints or available incentives

· Could be like an auction where user says they want a service at a certain cost and network operators bid for their business

· User expects to gain something by playing around with network settings

Battery
· Need more detailed information to help make call charging/call decisions

· Want very efficient use of the battery for video

User Interface, Services, application download
· Want access to a familiar virtual desktop from wherever user is

· User interface needs to be easy to use, setting parameters must be quick

· Cost constraints need to be set as a preference for services

· Happy to let the device shop around for the best services 

· Would like the network to send location specific information e.g. traffic information in the car

· Don’t want to receive lots of ‘spam’ advertising

· Want more than glorified SMS

· Must be a human customer support mechanism since the device will be so complicated

· Want somewhere where user can take device to get help, like a car service center

· Want preferences for e-mail and fax for use abroad

· Business calls need a solid reliable line

· Advertising of services needs to be simple since users make quick decisions to purchase

· Interested in downloading games to pass the time

· Want to download productivity applications

· Personal software should be free because it’s just for fun

· Want a quick messaging service to contact friends; should be able to use this anywhere

· Third party should handle the complicated billing: a provider of network providers

Multimedia
· Would alter video quality in real-time

· If user knew there was better quality available, they would want it

· For business video calls the user needs to see subtleties; especially in business, you need to tell when people are lying

· Willing to pay more to make call (business)

· Should be a way to trade quality against services

· User doesn’t want to play with video quality parameters

· Not concerned about poor quality when talking to family/friends

· Would rather download video and watch later

· Would like to “e-mail” voice and pictures

Low Level Requirements: Specific Device Needs

Download
· Have different work profiles which can be changed

· Icons for different applications

· Download applications like applets on the web

Air interface
· Warning (e.g. beep) before network transition

· Indication of network range so user is aware of imminent changeover

Battery
· Indication of how much time left on the battery

· How much time available for a particular type of call or download

User interface and services
· Terminal display should be high resolution

· Want to set up preferences for different parts of the world e.g. Fax numbers, e-mail

· Want to access language translation services when abroad

· On business trip in new city, users want to be presented with information and applications relevant to that place

· Physical size of device should not be restrictive for entering text

· Device should look/sound different on the outside; different ring tones

· Need information when traveling: translations, maps, yellow pages

· Want to change look of phone and computer with different covers and desktop designs

· Would like to receive information based on user’s interests

· Want PDA and phone together

· Like to change handset regularly to be fashionable

· Want a button to press to say “I’m here”; position information sent to who user is calling

Multimedia
· Want to see what parameters of the video can be changed in real-time

· Want to see what quality of video will be before paying

· Want a way of integrating a digital camera so pictures can be sent

Table 5: Initial User Requirements

V. Conclusions

This paper has described the first six months of user requirements work within the TRUST project.  The TRUST methodology has been described, and initial results reported.  Future user requirements work within TRUST will refine the initial end-user requirements through prototyping and evaluation of interactive user interfaces to represent possible configurations for different usage scenarios.  The next stage of this work will be to select pertinent use cases for this more detailed analysis.  Further focus groups and interviews may also be carried out to assess the validity of these use cases with other members of the Lead User group.  Simulation work in other TRUST work packages of key scenarios defined by users will help to refine the requirements further.

The Lead User methodology was selected to provide some focus for identifying user requirements for the ‘non-existent’ functionality promised by future SDR.  This approach enabled a fruitful investigation of meaningful future scenarios and end-user requirements.  Similarly, the Lead User method proved useful in identifying operators, but in future there will be a need to have assured operator input in defining user requirements for this group.

The user requirements research reported in this paper provides a valuable input to TRUST’s technical work packages, by helping to scope the necessary technology developments from the user’s perspective.  This research suggests that future users are likely to have strong expectations about the purported advantages of SDR.  It is therefore essential that these expectations are understood and addressed if SDR enabled systems and services are to become financially viable.
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