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EXECUTIVE SUMMARY 

The Interim Joint Development Group (IJDG) Moorgate Project Team has analysed the problem statement to 

determine whether using an Outcome Based Specification approach can facilitate a different project delivery 

model. The IJDG Project Team used the proposed Moorgate: Northern City Line Renewal as a case study for 

the deployment. 

To realise the Digital Railway vision requires the complex integration of technology, processes and people and 

focus needs to be given equally to each to ensure success. The need for the delivery team to manage across 

the business (i.e. train operators, maintainers, TOCs, etc.) as well as manage the technology supplier requires 

a different approach. 

The key issues include: 

¶ Digital Rail technology requires integration between the technology and the people and process that is 

significantly greater than for traditional railways. 

¶ Introduction of new technology means that there is a shift in knowledge base to the suppliers and their 

products. 

¶ Over specifying complex integrated solutions would restrict the supplierôs ability to apply products and 

to innovate. 

¶ A systematic rather than a prescriptive approach to project delivery is required. 

Outcome Based Specifications enables focus on what is important to the success of the project which can be 

lost during the project lifecycle. The requirements set should be as well defined as possible to allow innovation. 

However, the constraints within the contract must also be carefully considered. With the supplier taking on more 

responsibility, they must be cognisant of being able to demonstrate that the requirements have been met in a 

complex regulatory environment. 

The IJDG Project Team supports a new thin client organisation that is responsible for the system integration 

with the System of Systems and the stakeholders. Responsibility for technical integration will be transferred to 

the supplier. 

During the transition there will be significant risk resulting from managing new technology deployment within a 

new organisation structure. New processes will need to be introduced which would require practical application 

rather than strict adherence. Resistance to change can also be expected.  

A review of the technical issues arising from the deployment of ETCS is considered in the report including the 

need to have accurate site data and the interface with NRT who will be required to provide GSM-R technology 

to the project. 

The NEC4 contract is considered to be an appropriate vehicle for the new delivery strategy and with the 

recommended amendments can be used to manage the risks of the new structure whilst providing incentives 

to the suppliers in key areas. This includes arrangements for the long-term management of the system. 

The Moorgate Northern City Line ETCS Renewal is a good opportunity to assess the performance of a new 

contracting model. The project is over a small geographic location but includes the complexity of an integrated 

solution including ETCS trackside and onboard as well as a transition point and tunnel operations. 
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The Panel recommends that for Moorgate, an Outcome Based Specification (OBS) is considered with a suitable 

project delivery team model. Several recommendations made in this report should be considered for further 

assessment to enable this strategy to be successful. 

 

Key Recommendations 

Recommendation Document 
Reference 

OBS is a suitable project delivery model for the Moorgate Northern City Line 
Project 

Section 8 

NEC4 Contract with amendments is a suitable vehicle for contracting OBS Section 5 

Progressive Assurance with Audits and Gateways to be deployed for Moorgate Section 3.1 

Business Change Management Team for initial projects Section 7.1 

New Job Titles in the new organisation to enable cultural change Section 7.1 

Physical Railway Configuration Data needs to be improved Section 7.4 

NRT collaboration with the Technical Integrator (TI) Section 7.4 
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1 Introduction 
 

1.1 Joint Development Group (JDG) 

Building on the lessons learned from the previous Early Contractor Involvement (ECI) work streams combined 
with an industry specific benchmarking exercise, the Digital Railway Programme (DRP) developed the concept 
of a Joint Development Group (JDG). The JDG seeks to leverage the breadth and depth of technical 
competencies that exist in the supply chain to inform a diverse industry opinion and respond to novel and 
ambiguous problem statements that emerge within the Digital Railway Programme. The core concept behind 
the JDG is to bring together a community of suppliers with a wide range of skills and capabilities, each able to 
be called upon/invited to support the DRPôs development activities. This new way of working allows the DRP to 
utilise the diversity of thinking from the supply chain on a variety of problem statements. For the remainder of 
CP5, the JDG will be in its interim phase (IJDG) during which the concept and operating model will be validated 
prior to a solution being locked in CP6. 

 

1.1.1. THE COMMISSIONING PROCEDURE 

The diagram below shows each step with descriptions.  

 

 

 

Figure 1: JDG commissioning process 

1.2 Project Background and Problem Statement 
The London North Eastern Route (LNE) and the Franchise Govia Thameslink Railway (GTR), in conjunction 

with Digital Railway (DR) are considering the roll out of a European Train Control System Level 2 Baseline 3.4.0 

(ETCS L2). This rollout will be without lineside signals, on the Northern City Line between Drayton Park and 

Moorgate stations (route hereafter referred to as óMoorgate Branchô). The implementation scope also includes 

the necessary sub-systems to operate ETCS L2, such as Radio Block Centres (RBC), Global System for Mobile 

Communications ï Railway (GSM-R), balises etc.  

Customer will approach 
JDG core management 
team with a problem 
statement. The JDG 
work with the customer 
to convert the problem 
statement into a 
capability request.  

The core 
management team 
will issue the 
capability request, 
evaluation criteria, 
submission form and 
NR03 construction 
services agreement 
via email 

 

Instructions regarding 
the submission process 
will be included in the 
capability request email. 
Suppliers will be asked 
to populate a 
submission form 
 

JDG core management 
team use a simplified 
process whereby only 
submission forms are 
evaluated. There will be 
no interview component 

All competing suppliers 
will be notified of the 
evaluation outcome 
and awarded suppliers 
will be issued an NR03 
construction services 
agreement for 
execution. A kick off 
meeting is convened to 
capture deliverables 
and assign 
responsibilities. 
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Through this commissioned piece of work DR wants to continue exploring the óthin clientô approach, whereby 

the DR organisation itself operates leanly, relying on its partners and suppliers for delivery support. One way of 

achieving this is through Outcome Specification based procurement, and more specifically, Outcome 

Specifications when developing a future Invitation To Tender for the Moorgate Branch ETCS L2 rollout 

described above.  

Based on collective experience of suppliers and the information to be delivered, working on this project, DR had 

the aim of understand what procedures suppliers envisage may need to change within, to support an Outcome 

Specification document. This includes identification of inputs and level of data quality required along with a 

methodology for change, to create a robust suite of Outcome Specification documents for the Moorgate Branch. 

This suite of documents will support the LNE/GTR/DR plan to roll out ETCS Level 2 across the East Coast Main 

Line.  

1.3 The IJDG Project Team  
The IJDG Project Team working on the Moorgate problem statement included Subject Matter Experts from 

around the industry, working collaboratively alongside the Digital Railway Programme customer to develop a 

solution. The Moorgate organogram and key are below.  

 

 
 

 

 

 

 

 

 

 

Figure 2: Organisation 

Digital Rail Team

Supplier Community Team

Core Management Team Graham 
Lawrence

Project Manager 

Ben Lane

Regional Commercial 
Manager, Siemens

Andrew Woods

Senior Systems 
Engineer, Siemens

Simon DôCruz

Chief Engineer, Atkins

Keith Atwood

Professional Head of 
Signalling, Alstom

Dan Holder

Problem Statement 
Owner, Programme 
Engineer Manager 

Pareisse 
Wilson

Project Manager, IJDG

Bernard Yeo

Project Engineer

Christos 
Panou

Senior Project Engineer
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1.4 Key milestones 

 

Figure 3: Key Milestones 

1.5 Expected outputs 
The original brief included 9 expected outputs. 

No Expected Output Output 
1 What would an Outcome Specification look like and how should 

this be presented in the tendering process for a DR Scheme of 

this size? 

 

The Outcome Specification is described in two 
key documents ï the Concept of Operations 
and the Application High Level Specification 
(CRD). In Section 2, there is a description of 
how the Outcome Specifications will be 
managed through the V-Lifecycle. Specific 
consideration of the Moorgate project is given in 
Section 8. 

2 How would current DR Practices and processes need to 
change? 

. 

The Engineering Practice and process would 
need to change to reflect the new contracting 
arrangements. Section 3 considers the 
implication of these changes 

3 Given the shift to Outcome Specifications based procurement, 
how are the roles of DR and a Supplier impacted? Do new roles 
need to be defined? If so, what does this look like? 

  
 
 
  

 

Sections 2 and 3 consider the implications on 
the roles of those involved in the development 
of these technologies. Newly defined roles of 
Railway Systems Integration Partner (RSIP) 
and Technical Integrator help to define the new 
responsibilities of the Client and Supplier and try 
to set out their respective involvements in the 
deployment process. Section 7 considers the 
risks and challenges of this new arrangement. 

4 What is the role of DR and the Supplier in the delivery of 
outcomes and what would the assurance regime be? 

 

Section 2 proposes a new regime of gateways 
and audits to replace the current assurance 
model. 

 

5 Define the roles of System Integrator and Technical Integrator, 
how do they inform a deployment strategy given the shift to 

Outcome Specifications based procurement? 

 

Section 3 describes the roles of the RSIP and 
the Technical Integrator.  

 

23 April, Kick Off 
Meeting

4 May, identified 
areas of expertise 

for Problem 
Statement

22 May, finalised
outcomes

8 June, final report 
submitted
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No Expected Output Output 
6 What are the asset and data requirements for a scheme this 

size? What need to be included as part of the above? 

 

The implication for the asset and the data 
requirements are considered in Section 4. 
Specific issues for the Moorgate Project are 
considered in the Case Study 
 

7 How could performance be measured and compensated? 

 

Section 2 considers potential methods of 
measuring the Supplier which could be 
developed into a payment structure  

 

8 A view to whether the existing asset data need the quality 

requirements of an Outcome Specification based procurement? 

 

In Section 4 there is a description of the quality 
of data requirements for ETCS systems and 
how this can be applied to an Outcome Based 
Specification 

9 What lessons learnt from previous tenders can be shared with 
DR? 

 

The team has drawn from its experience and 
knowledge of other technology deployments to 
build this strategy for a thin client organisation 
using Outcome Based Specifications 
 

 

1.6 Findings  
The JDG report concentrated on four key areas:  

¶ How to develop and use Outcome Based Specifications through the project lifecycle 

¶ The impact on the current engineering practices and the roles and responsibilities of the engineers 

¶ The impact on the engineering specifically around the handling of data and the technical interface with 

others 

¶ The commercial and contractual implications of using Outcome Based Specifications 

The Moorgate Northern City Line project has been considered as a case study and the specific findings have 

been addressed separately. 
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2 Outcome Specifications 
 

2.1 Introduction 

In the Digital Railway, the stakeholders are predominantly the same as they are for conventional projects. There 

will still be physical infrastructure; track, traction power, signalling, control centres, stations, passenger 

information systems, performance monitoring/recording systems, all using a backbone communication network. 

These systems will still need the supporting organisational structures for the day to day running of the railway 

infrastructure operations department, Railway undertakings (TOC, FOC), Rolling Stock Operating Company 

(ROSCO), infrastructure maintainer, rolling stock maintainer, route controllers, rostering clerks, timetabling 

clerks. The conventional railway system allows each of these organisational structures to focus inwards towards 

their own elements of physical infrastructure and procedures. The railway system operating as multiple discrete 

sub systems, many of which have minimal interactions with the other sub systems around them, managed 

through compliance with historically proven standards. Where sub systems are óconnectedô information is 

generally transferred as an information dump at predefined intervals to allow the other sub systems to extract 

what they require and discard the rest. These interactions with others are out of necessity and generally for the 

personal gain of the individual organisation. So, for example a train operator will liaise closely with a route 

controller to recover their train pattern following perturbation because it minimises their customer (passenger) 

discontent and places their rolling stock and train crews into the required locations to minimise onward delays 

caused by rostering issues such as rest periods, competency, route knowledge, train maintenance schedules 

etc. Whilst the route controllerôs interests are to minimise financial penalties associated with attributable delays.   

In the Digital Railway the core disciplines to control the railway will remain the same; the change will be upon 

how these disciplines interact. The core sub systems being used to perform the day to day utilising available 

and new technology will require a higher level of integration into the railway system.  

This integration at the digital level will aid the railway in meeting the demands of the current and future population 

demographic who have become reliant upon technology to provide anything and everything they ask. In the 

railway system of systems this translates into the vital and non-vital systems required to operate the railway of 

the future. But even here the boundaries will change, what is vital? The train control sub systems that ensure 

the safe movement of trains (interlocking) or the traffic management sub system that plans train movements to 

minimise conflicts at junctions and maintains a smooth throughput to meet the timetable?  

In simplistic terms the needs of the railway users can be met by identifying the required functions and assigning 

to the appropriate subsystem. The digital information transfer between these subsystems becoming critical for 

day to day operations also creates a necessity for clear definitions as to what is required. As these system 

interfaces become more complex and reliant upon on each other, the raw standard compliance approach 

becomes untenable. The System of Systems must therefore be represented as explicit requirements, 

characterised and assigned to sub systems and / or interfaces. The traditional engineering structure applied to 

project delivery following standards compliance approach fails to meet the future needs and the engineering 

structure and roles need to be manipulated in the system of systems.         

Requirements Management are the activities that ensure requirements are identified, documented, maintained, 

communicated and traced throughout the life cycle of a system, product, or service.  
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The result of requirements engineering is a hierarchy of requirements that: 

¶ enables an agreed understanding between stakeholders (e.g., acquirers, users, customers, operators, 

suppliers) 

¶ is validated against real-world needs,  

¶ can be implemented provides a basis of verifying designs and accepting solutions  

For a contracting strategy, that is based on Outcome Based Specifications where the responsibility for the 

detailed design relies on the supplier to assure their works there is a need for a requirements management 

driven strategy.  

Furthermore, the client team can also focus on assuring the outcomes of the project are satisfied and 

demonstrating those outcomes to the client and the stakeholders. This change in focus removes them from 

obligation of checking the suppliersô works as they are assured that works is being satisfied through the reporting 

generated by the requirements management systems. 

A robust requirements management system that is integrated into the project delivery, technical assurance and 

reporting systems should provide the degree of satisfaction required to assure clients, stakeholders and 

designers alike that the right products are being delivered. 

2.2 Thin Client Engineering Model  

The traditional supplier project delivery assurance model as depicted in 

Figure 4 predominantly focuses effort towards the supplier. Engineering assurance is achieved at project level 

through the client organisation conducting detailed analysis of design deliverables required by the supplier to 

construct and verify the build status of the end solution. The acceptance reviews are based on confirming 

compliance with standards and procedures, clientsô needs being considered satisfied if the installed end product 

is compliant.  

Figure 4: Current NR Signalling Engineering Model 

In the Digital Rail environment, the system interactions will only provide the required benefits if they are clearly 

defined. To be clearly defined they must first be identified and captured. With clearly defined and measurable 

system performance criteria and interactions, engineering assurance of suppliers can be tailored to utilise 

different and more appropriate assessment techniques. The aim being to assure the delivery of the end solution 

is progressing to plan and meets all achievable stakeholder requirements.   
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The Digital Railway engineering model therefore needs to place greater emphasis on identifying and engaging 

with stakeholders to understand their needs and interactions, enabling them to be translated into clearly defined 

requirements that can be developed into technical solutions. This in turn will allow for the transition from the 

standards compliance engineering assurance process, to an outcome-based assurance technique. This 

engineering management model requires greater effort in the direction of the stakeholder and relatively less 

effort in the direction of the supplier, creating the óthin clientô model depicted within Figure 5.       

 

 

 

 

Figure 5: Future Engineering óThin Clientô Model 

The óthin clientô model follows the consideration that the clientôs effort would be better placed in managing the 

higher-level interfaces and stakeholders to ensure that expectations are managed, and outcomes achieved 

through ensuring whole system integration or System of Systems integration. The client therefore takes on the 

role of óRailway System Integrator Partner (RSIP)ô.    

2.3 Defining Requirements 
The Digital Railway programme will affect the entire industry and there are several different stakeholders that 

will be impacted by the new technology; each one 

will have their expectations and perceived 

overcomes. It is almost evitable that, whilst they 

might all share the same overall ambitions for the 

Programme, their specific needs may well be 

contradictory or overambitious.  

The Application Business Requirements (ABR) 

will be developed to consolidate all the 

stakeholderôs needs into a single common set. 

Potential stakeholders in the ABR could include 

DfT, RDG/FOCs, Supply Chain, TfL, RSSB, etc. 

as depicted in Figure 6. The ABR describes the 

outcomes that will be met by any given 

programme or project. 

The ABR can be generated using several different sources including; Client /Sponsor Brief, regulatory 

requirements, stakeholder engagement workshops, standards, etc. 

It is inevitable that the form of the input will come in different formats; maybe narrative, or, standards, 

diagrammatic or a specific set of outcomes. These will be interpreted into the Concept of Operations (ConOps) 

and the Application High-Level Outcomes (CRD). These documents transform the stakeholder requirements 

into the application specific operational, functional and non-functional requirements. Once this process is 

underway it will be necessary to conduct a series of workshops with the various users to ensure that the system 

is being developed with their needs in hand.   

ABRDfT

Trade 
unions

RDG/ 
RFG

Supply 
Chain

TfL
RSSB

Mainta
iner 

Operat
or

ORR

Figure 6: Stakeholders input into the ABR 

 

RSIPStakeholder Supplier

EffortEffort
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The requirements will also include for any assumptions or constraints that are ascertained as a part of the 

stakeholder engagement processes. 

2.4 The V-Life cycle 
The V-Life cycle ( 

Figure 7) is a model that is used to describe the process steps required to deliver Digital Rail project or 

programme.  The V-Life cycle provides us guidance on how we can execute projects in a sequential manner 

whilst providing the framework for verification and validation to assure that the supplier produces the expected 

outcomes. For the proposed contracting strategy, the V-Life cycle also provides the depth to which the client 

organisation needs to step to undertake his verification and validation activities. This allows the client to focus 

on the outcomes and demonstrates satisfaction of those outcomes to the client and stakeholders. 

The Digital Railway Programme V-Lifecycle describes the process and reflects their delivery strategy. 

Supplierôs System Requirements Specification

(SRS)

Generic Source Information

DR Customer 

Requirements Suite

Application

Concept of 

Operations

(ConOps)

Application 

Customer 
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Commissioned 
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Route System
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L
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k
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Test 
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Figure 7: óVô Life cycle for Digital Rail projects 

 

Due to the nature of the technology, the introduction of a DR solution cannot be considered in isolation. Generic 

Concept of Operations and System and Subsystem Requirements Specification set out the overall requirements 

and these will be considered as inputs to the requirements capture process too. 

The supplier will be expected to work with the client to develop System Requirements Specification (SRS) 

derived from the Application Customer Requirements Definition (CRS) and the Application System 

Requirements (RRD) that addresses the Application Concept of Operations and ABR whilst adopting the 

technical requirements as specified in the generic documents. 
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This allows for tailored solutions to be realised that are based on the specific project demands, the supplierôs 

technology and the contracting strategy. The requirements for these solutions are captured and the variances 

to the Generic are understood and managed under configuration control processes. This allows the Network 

Rail team to; 

¶ implement the best solution for the given application, 

¶ understand where projects have varied from the generic, and, 

¶ adopt best practice from projects and improve the generic.  

To ensure that the overall DR solution can be integrated as a ñSystem of Systemsò, it will be essential to ensure 

that the mandatory or common integration requirements are well defined and controlled to ensure that different 

projects can be interoperable. 

Assurance has traditionally been undertaken by continual design checking, reviews and approvals. However, 

this is more difficult to do where the technology and the tools that develop the technology are automated and 

software based. Furthermore, Digital Rail technology is a fast-developing forum where solutions are complex 

and integrated in data. The solutions are driven by the supplierôs technology and that is where the expertise 

resides.  

It is, therefore, natural for the quality assurance to revert to the supply chain as they retain the expertise and 

knowledge of their products. The client still needs to assure themselves of the solution, but need to look at 

different approaches.  

 

Figure 8: Relationship between the RSIP and the Technical Integrator 

The adoption of a óthinô system integration team requires the assurance paradigm to change. Both the Railway 

System Integration Partner (RSIP) and the Technical Integrator must have confidence in the requirements 

management process and in each other to perform the tasks that exist within their domain. The RSIP can choose 
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to check certain key deliverables to ensure the quality of the outputs are assured. The level and depth of 

checking should be set out at the beginning of the arrangement, but be assessed on a periodic basis (i.e. at the 

gateways) to determine if the right level of surveillance is suitable. However, the Technical Integrator will retain 

the primary responsibility for the design process. The use of audits to assess the overall quality of the outputs 

can be conducted to retain the ability to assess the work being undertaken at the bottom of the óVô, but these 

audits should be focussed on enabling the project to proceed rather than a mechanism to ócheck-upô on the 

detail. 

During the detailed design and development stages, the supplier will be expected to demonstrate that they are 

conducting verification and validation exercises to the client. The client team will not be actively involved in these 

processes.  

The RSIP can use several techniques during the project to assure themselves, including verification tests that 

can be conducted at each stage ï i.e. do all the parent requirements have child requirements? Are there 

orphaned requirements? Has the parent been reasonably defined? 

The requirements management tool provides the ability to connect parent requirements to children 

requirements. It is reasonable to assume that the relationship between a parent and their children is a one to 

many one.  

2.5 System of Systems 
The development of application specific solutions will need to be carefully managed to ensure interoperability 

with other DR projects. The generic specifications provide both the architecture and the requirements needed 

to ensure the various projects can be effectively integrated into the System of Systems (SoS). 

Some of the objectives of the DR SoS generic design are to: 

¶ Successfully deploy an integrated and repeatable train command, control and safety system on GB rail 

network including  

o Traffic Management System; 

o Connected-Driver Advisory System; 

o ETCS Trackside, incorporating equipment trackside for Level 2 (no signals), modern interlocking 

technologies, and trackside equipment necessary for fitted trains running elsewhere on the GB rail 

network 

o ETCS Onboard 

¶ Provide the framework to ensure that all DR delivery activities are aligned against a common understanding 

and baseline architecture (i.e. maintenance, operations, engineering, people and process etc.); 

¶ Provide a foundation for enabling the systems to be configured; 

¶ Automated control of train paths derived from a planned time-table, and 

¶ Increased service reliability and the potential for increased capacity and performance (subject to the 

specifics of the deployment) 



 

18 
 

Business 
Systems

IXL
SCWS 

Central 
(STW)

SCWS 
Portable 
(STW)

Trackside 
Objects

TM

GSM-R Data

FTN(X) EULYNX

SCADA

DRACAS

Digital Railway Programme

TM 
Protection 
(Portable)

 

CA

Trackside objects include level crossing control, train detection, lineside signals 
where fitted, remote monitoring, TPWS, trackside train monitoring systems etc.

Business systems include 
operational and business 
systems e.g. TRUST, TOPS, 
Stock & Crew, TD Data etc.

Voice comms 
includes GSM-R 

Voice system and 
lineside telephony

CCTV

Onboard  
systems

Voice 
Comms

CTI

Infrastructure 
and Onboard 

Data Hub#

Trackside 
Maintainer

Onboard 
Maintainer

Trackside 
Operator

Onboard 
Operator

KMC

TM CCTV inputs include for 
level crossings, tail lamp 

detection, sidings capacity
ETCS 

Trackside
ETCS 

Onboard

COMPASS 
Central

COMPASS 
Trackside

COMPASS 
Onboard

C-DAS 
Trackside

IM

C-DAS 
Onboard

C-DAS 
Trackside

RU

ATO
Onboard

LINX

ATO
Trackside

 

Figure 9: System Architecture 

Figure 9 is the system architecture for the digital technology solution and demonstrates how the systems will be 

integrated to ensure interoperability of systems. 

As each project develops their Customer Requirements Definitions that are based on the Generic Requirements 

and then tailored to the specific application, careful consideration needs to be given to preserve the generic 

requirements such that the interoperability and integration of the project solution into the wider System of 

Systems can be achieved. 

This is a major challenge and should not be underestimated.  

The need to meet challenging project delivery programmes will require the RSIP to make decisions on how to 

achieve certain generic requirements that might not be aligned with the System of Systems approach. For 

transformational programmes where the end state is not fully defined or understood the risk of deviation in 

requirements is potentially high without careful management. This issue is further complicated by parallel 

deployments of the Digital Rail solution all ñlearningò how to apply the requirements to their solution. Lessons 

learned and good practice will need to be shared across the industry to ensure that the System of Systems is 

realised. 

2.6 Safety Management  
The hazard records that are generated from the safety assurance process are key deliverables for any project. 

It is important to be able to demonstrate the Control Measures that need to be applied to satisfy the safety 
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argument for the project was proven. The control measures can be considered as emerging requirements and 

should be considered equal to any input requirements. 

If the control measures are to be considered as 

requirements, and, therefore subject to 

attention, in our management process then the 

source, the hazard log, could also be considered 

as part of the  requirements management 

process. A robust Requirements Management 

Tool can allow for the management of the 

hazard log too. Traditionally the hazard log is 

maintained in an excel spreadsheet which is 

quite restrictive. By considering the Hazard Log 

as an element of a database, the hazard data 

becomes more usable. 

Like the process for requirements capture, the 

CRS can consider the control measures from 

two sources; the applicable items from the generic 

hazard log and the application hazard log. The hazards and the control measures can be decomposed into the 

CRS and attributed so that they are marked as Safety Requirements. This effectively builds the Safety 

Requirements Specification within the CRS document. 

This process embeds the safety assurance work within the requirements management process. The control 

measures will be treated the same as all requirements and follow the V-Life cycle process being traced through 

the detailed design, implementation and testing regimes. The Application Operational Test Scenario will be 

prepared to include tests that demonstrate the safety requirements so that team can witness and be assured 

that these are satisfied. 

2.7 Verification and Validation 
Requirements management provides a technique of tracing requirements through the life of the project. This 

provides the ability to verify that the children requirements are satisfying their parents. The verification activity 

requires expert attention to ensure that the requirements are being satisfied correctly. This is especially 

important where the requirements are complex with one to many relationships.  

Where the traceability is being undertaken by the suppliers, the client organisation is reliant on their work being 

undertaken correctly. The client organisation needs the supplier to assure that the requirements are being 

satisfied during the detailed design and development phase.  

2.8 Gateways and Audits 
There will be a need to ensure that the project is progressing according to plan and that the requirements are 

being well defined and assured in the design and development phases. The use of audits and gateway controls 

are the best approach. 

Audits will be used to assure the requirements process is being conducted in an appropriate manner. The audit 

should be seen as an opportunity to evaluate the evidence within the requirements database. The objective will 

be to demonstrate that the supplier is developing the solution correctly. Where deficiencies may be found the 

audit team and the supplier will agree corrective actions that can be enabled as part of the next phase of works. 
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Figure 10: Managing control measures as requirements 
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Audits will be conducted during the lower part of the óVô Lifecycle where the supplier is wholly responsible for 

the process. 

Gateways shall be conducted at key points in the project where the client needs to ensure that the technology 

is being deployed correctly, i.e. critically when the systems are being brought in to trial service or into operation.  

Gateways will be used by the supplier to demonstrate to the client and stakeholders that the solution meets the 

requirements. To ensure that these Gateways operate in a pragmatic and progressive way, the prioritisation of 

requirements needs to be made at an early stage in the project. The Gateways will be led by Gateway Managers 

whose role will be to focus on the key requirements that affect that gateway. 

The client needs to be assured that the supplier has completed the works and that is satisfactory to pass to the 

next phase of the project subject to agreement on action/mitigation plans that need to be implemented to 

address any open issues that are identified. 

Gateways are conducted to ensure the project is sufficiently developed / mature to move to the next delivery 

phase. The gate process should commence during the initial phases of the project development through to final 

handover and closeout. Early gates should be used to identify the gate stages applicable to a project and identify 

the key deliverables and maturity level of the deliverable required at each phase to ensure the project risks and 

expectations are managed. The gateway review should be conducted by a person independent of the direct 

delivery of project but with sufficient understanding and knowledge of the project to ensure potential issues are 

identified. The independent person should also be empowered to agree targets and mitigations against any 

deficiencies identified during the gate review process.       

Requirements Assurance Lifecycle ï the following diagram sets out a possible path through the project 

lifecycle and where gateways and audits could be inserted to assure the input requirements are being satisfied. 

For the Digital Railway programme this diagram will be multi-layered as the deployment will include multiple 

strands that need to be met for a brown-field implementation.  

 

Figure 11: Proposed Assurance Lifecycle 

The proposed Requirements Assurance Lifecycle includes 6 steps. It will be important to consider alternative 

gateways depending on the application, i.e. additional gateways for system modelling, test track running, etc. 

G1 ï Tender: The client and sponsor agree the ABR, Application ConOps and the Application High Level 

Outcomes. Depending on the nature of the project, this Gateway could include other stakeholders such as the 

DfT, RDG, TOC, etc. This is a Gateway for the client to demonstrate to the sponsor and stakeholders that their 

requirements as defined in the ABR have been properly defined and understood. By including the Stakeholders 
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in this stage, we are ensuring their engagement with the high-level requirements. This is a Go/No-Go Gateway 

that happens before the supplier is engaged. 

G2 ï Preliminary Design Gateway: with the finalisation of the supplierôs System Requirements Specification, 

the client and supplier agree the exact requirements to be implemented by the project. It is also possible to 

finalise other project matters, i.e. programmes, costs, etc. The Gateway is undertaken with the supplier and is 

for the supplier to demonstrate that the requirements have been properly defined and understood. This Go/No-

Go Gateway allows the supplier to progress into the Design and Development phase. 

G3 (s) ï Supplier Design Audit (s): this is an audit of the progress being made during the detailed design and 

development phase. The number and frequency of audits will depend on several factors, i.e. the duration of the 

design and development phase, the sensitivity of the project and the maturity of the supplier. 

G4 (s) ï Pre-Deployment Audit (s): This audit is an overview of the solution prior to the system being 

manufactured or installed on site. The number and frequency of audits will depend on several factors, i.e. the 

duration of the design and development phase, the sensitivity of the project and the maturity of the supplier. 

G5 ï Approval for Train Running: This is a key Gateway where the supplier will demonstrate their system is 

ready for dynamic train running. The supplier will need to demonstrate that the verification and validation of 

requirements has been met including the clientôs relevant testing requirements as defined in the Application 

Operational Test Scenarios. This is a Go/No-Go Gateway that empowers the supplier to undertake dynamic 

test running. 

G6 ï Completion: This is a key Gateway where the supplier will demonstrate that all the requirements have 

been satisfied including all the requirements in the Application Operational Test Scenarios. This is a Go/No-Go 

Gateway that allows for the final handover of the system. It should be noted that this will happen after the 

operational handover which will be achieved by the normal handover/handback processes. 

2.9 Configuration Control and Change Management 
Audits and Gateways also provide an opportunity to baseline the requirements. Baselining the requirements at 

key points in the project enable multi-disciplined activities to work from a source of the truth with confidence that 

they are working from the same condition. It also provides the client a baseline for reference.  

Projects mature across time and new emerging requirements are to be expected and managed. New 

requirements may come from the design and development process, from the safety assurance process and 

other sources including change of stakeholder expectations. 

Using requirements management to assess changes provides a systematic approach that can provide a holistic 

view of how the change impacts the entire system. The change can be analysed by tracing both up and down 

the requirements path and across the affected areas to ensure that the impact of the change is fully understood 

before it is implemented. Both the client and the stakeholder can have an agreed understanding of the impact 

through this process. 

As changes emerge throughout the project life it is important to re-consolidate the changes ï this can be done 

at the next baseline.  
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3 Requirement Management Process and Tools 
This proposal is based on integrating a solution that acknowledges the current working practice with tools that 

have been used on mega projects to deliver a progressive assurance process that enables project owners to 

take a holistic and pragmatic stance in the management of complex railway programmes.  

The processes and tools described below have been successfully deployed on multiple overseas projects where 

the client has a ñthin organisationò which have relied upon using outcome-based specifications and minimal 

national standards. 

The ability to integrate the Requirements Management Database with the Electronic Document Management 

System and the Progressive Assurance Tool is extremely powerful 

Requirements Management Database: Traditionally in the UK, the DOORS database has been the ñgo toò 

application for managing requirements. The database is a collation of requirements that can be linked together 

to demonstrate that the design, implementation, verification and validation are aligned. 

For complex and multi-layered projects, the need to understand how 

requirements are being interpreted as the design matures through the 

project lifecycle is both challenging and complicated. It is also essential 

to understand to ensure the outputs realise the intended outcomes.  

However, technical submissions remain a document driven process 

meaning the Requirements Management is subservient to the 

demands of a programme driven document submittal register. 

Documentation that is not coordinated with the Requirements 

Management database can contain many orphaned and unrealised 

requirements. 

Electronic Document Management Systems: Projects, invariably, are driven by documents. These 

documents are registered in an Electronic Document Management System such as Enterprise Bridge (eB). This 

system provides an electronic record of the deliverables, their versions and their history. However, these 

documents tend to be isolated without practical links with other documents. Embedded requirements in these 

documents can be lost, mis-acquired or deviate the results incorrectly. 

Progressive Assurance Tool: The Progressive Assurance provides the ability to manage the requirements 

assurance process. It can be used to capture assurance checking comments on the decomposition of 

requirements and on documents. It provides clear traceability paths both upwards and downwards. Reporting 

can be managed better, providing stakeholders clarity on their specific requirements, as well as providing project 

delivery teams focus on the issues. 

The combination of the three systems (system suppliers can provide more than one product within their system) 

provides a framework for requirements to managed in a proactive and controlled manner.  

By having a model that connects the three systems together we can ensure that the requirements in the 

documentation are aligned with the requirements in the database. Changes in the documents or in the database 

can be flagged in the progressive assurance tool for attendance and assessment. This approach provides the 

ability to manage the configuration in a dynamic and proactive manner. 

Using a web-based requirements management system provides suppliers (and their supply chains) the ability 

to use the ñliveò database to undertake their requirements management activities. The client can observe the 

Requirements 
Database

Progressive Assurance 
Tool

Document 
Control

Figure 12: RM Tool arrangement 
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progress remotely without the need for intrusive design review and checking regimes. There is still a need for 

audits to be conducted but these can be planned at key stages in the project timeline.  

3.1 Progressive Assurance 
As the ABR is outcome based it will be benefit driven in terms that can relate to the 

various stakeholders. Using progressive assurance techniques, it is possible to take 

the stakeholders on the same journey with full visibility of how their benefits are being 

translated into design requirements through to delivered products.  

By using the input documents as a baseline, the supplier shall develop the System 

Requirement Specifications and then trace the relationship with the performance requirements. The relationship 

can be one to one or one to many depending on the nature of the requirements.  

By using a progressive assurance technique, the client can then monitor the development of the design and the 

evolution of the client requirements in real time online. The client can be satisfied that the design of their 

requirements is maturing through the design process without undertaking intrusive and time-consuming review 

processes. Gateways can be established (as set out above) throughout the design process that checks the 

maturity of the requirements rather than on the completion of design documents  

Progressive Assurance has been proven to provide the client the ability to monitor the supplierôs work by 

measuring compliance to the requirements rather than on the ability to submit documents. Focus can be given 

to requirements that are not evolving allowing the client and supplier to trouble shoot better. 

By giving the supplier the freedom to operate in the design domain it can improve the client-supplier relationship. 

Governance becomes more than a simple measure of compliance adherence and thus removing some of the 

unnecessary and irrelevant constraints that a compliance approach introduces.   

3.2 For Tendering 
Traditionally tendering has been a process of reviewing tender submissions that 

are provided in paper or electronic format. Even having a compliance matrix can 

be difficult to follow or trace the requirements and therefore be assured that the 

supplier has demonstrated that can achieve the requirements.  

With a Requirements Management Tool (RMT), the system can be used as the 

key tendering submission. The client organisation will prepare the tendering 

specification requirements within a subset of the database which is issued to the 

tendering parties.  

The tenderers are then required to respond using the database demonstrating 

how they will comply with the tender requirements.  

The tender review panel then use the progressive assurance tool to evaluate the 

tenderers responses, confirm compliance, comment and, where necessary, 

raise Technical Queries.  

Tender Queries can be issued in the database formatted format and responses can be received in the same 

manner. 

In this way, the tendering process can be well managed, configuration control can be maintained, and progress 

can be easily demonstrated. 

Tender Specification

Tender Response

Tender Review

Tender Queries

Figure 13: Tendering process 
managed by the RMT 
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3.3 For Planning 
Every requirement must be analysed to determine its prioritisation, its lifecycle and its verification and validation 

(test) conditions. 

The process of requirements analysis also provides a method of planning the requirements life. 

Requirement prioritisation is the process of assessing the need; most projects consider whether the 

requirement is mandatory (i.e. safety/operation critical), preferred, or optional. Prioritisation allows the delivery 

teams to focus on the key requirements to ensure that the project can be successfully handed over to operations. 

This is important on complex projects where there are 10s of thousands of requirements to be analysed, traced 

and assured. 

Every requirement has its 

own timeline. That is to 

mean that requirements 

can be assured at different 

times in a project lifecycle. 

Predominately, 

requirements tend to be 

validated during the 

testing phase, but some 

could be assured in the 

design phase, 

manufacture or the 

installation.  

Overall, we can generate 

a Requirements Lifecycle 

Model that describes the 

completion of all the requirements. This model describes when the requirements are completed and does not 

reflect the actual effort conducted in the requirements management exercise.  It is therefore sensible, to weight 

effort for all the requirements (i.e. weighting for requirements could be based on the current DR model design 

of 50%, 95% and then at completion of the testing).  

We can now monitor the project using two óSô Curves; Requirements Lifecycle Model and Requirement Effort 

Model in mapping requirements. The first provides a measure of the progress to actual completion and the 

second provides a measure of the value of the work undertaken.  

These requirements management techniques provides another tool to the project in planning the works being 

undertaken. 

3.4 For Project Monitoring and Control 
Progressive Assurance is designed to enable the engineers in both the client and supplierôs organisation to 

focus on the system engineering solution. The system provides the tools for tracing the requirements through 

the project life cycle. It also provides the ability to review and comment in a controlled place.  

Design Reviews: Projects will continue to deliver requirements in document formats for the foreseeable future. 

These documents can be uploaded into the progressive assurance tool and compared to the requirements 

management database. Compliance can be assessed and where comments required they are generated within 
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the tool. Reviews are therefore linked to requirements and are contained with the Progressive Assurance Tool 

providing a permanent and traceable record of the assurance process. 

A requirements traceability record can be a particularly powerful tool when demonstrating the safety assurance 

process to others such as the ISA or the regulator. 

New versions of the documents can be reviewed in the same system and updates that have resulted from 

review can be assessed in the system. 

Progress: using requirements management to monitor the progress can be a useful project management tool 

that can be used alongside the more traditional progress matrices. The óSô Curves are just some of the reports 

that a progressive assurance tool can generate. As the system is ñliveò it can provide daily, weekly or monthly 

reports that can be optimised for the audience, i.e. stakeholder specific progress reports that focuses on the 

specific stakeholder and their needs. 

Benefits Driven Programmes:  with technology projects there is an opportunity to manage the delivery 

programme based on delivering benefits rather than delivering products. By understanding what functionality 

provides what benefits we can judge what value can be had from providing them early. This type of programme 

strategy can only be considered in specific projects such as traffic management systems where the functionality 

can be achieved in a more staged manner rather than ETCS where the requirements requires all products to 

be realised at the same time. 

Managing Innovation:  Digital Rail takes advantage of new and emerging technology to deliver solutions. The 

delivery strategy needs to be open to the continued innovation in new technology to ensure the most appropriate 

solutions are realised.  

Managing requirements progressively allows the delivery team to ñinnovateò by defining those requirements that 

are mandatory and those that can be innovated. Programmes can then be developed so that the innovation 

requirements follow different timelines to the mandatory ones. Separating mandatory and innovative 

requirements means the delivery of the core functionality can be focussed on and assured to achieve the 

schedule whilst allowing the design teams more time to innovate and create solutions that meet the emerging 

requirements. 
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3.4.1 Engineering Management Structure   

 
The Digital Railway introduces a need for greater interaction between track and train. To realise the railway 

system benefits required for the future, these systems need to be highly integrated.    

The current Network Rail signalling project delivery structure focuses heavily upon re-assessing the finite detail 

of the supplierôs deliverables, in particular the application design. The complexity of the system interfaces using 

software and application data makes this traditional approval process (design/check/review/approve) ineffective 

in assuring the sponsor that the high-level safety, functional and operating requirements are being fulfilled.      

The engineering assurance model required for corporate governance must therefore change to ensure that 

suppliers are providing a solution that meets the clientôs needs. This model will need to apply different 

techniques to provide this assurance with focus on moving towards measuring the supplier through 

outcomes/outputs rather than through the constraints of standard compliance. The modified assurance model 

will create a different engineering management structure focusing on the interactions between the project and 

other stakeholders. This model is being referred to as the óThin Clientô.  

3.5 Engineering Interface Management    

The thin client model presents a single supplier interface to the client. In practice this model would be extremely 

limiting and contrary to the client procurement policy. The key elements of the Digital Railway (TMS, ETCS 

Trackside, ETCS Onboard, Communication network) may be procured from multiple suppliers. This creates a 

further consideration as to how the engineering interactions between multiple suppliers can be managed. The 

solution must ensure that the technical skills within each supplier organisation work effectively together to 

achieve the final integrated Digital solution.   

Network Railôs Engineering Management for Projects process (NR/L2/INI/02009 Issue 6) provides three 

engineering interface management structure models (options 1-3). The three models are based around the 

responsibility for design integration. Recent IP signalling renewals projects have applied a hub and spoke 

contracting model with Network Rail managing the interfaces and acting as the design integrator, this is 

represented as option 2 within the standard.   

 

Option 1 [Figure 15] and Option 3 [Figure 16] align with the óthin clientô approach where the supplier Contractors 

Engineering Manager (CEM) takes responsibility for the integration of the multi discipline designs. The two 

options allow for different contracting arrangements, with option 1 covering the single source option whereby 

the supplier is contracted to undertake all discipline activities, while option 2 permits Network Rail to contract 

individual disciplines directly but appoints one supplier as the design integrator. Using the existing management 

models within the thin client structure the traditional CEM role will be a óTechnical Integratorô for the activities 

within their work scope. The Technical Integrator (supplier) will become responsible for conducting assurance 

activities in line with their Quality Management System, allowing the RSIP to satisfy themselves that assurance 

is being actively controlled/managed by receipt of supplier declarations and reports.             
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Figure 15 - Design Integration Model (extract NR/L2/INI/02009 Option 1) 

 

 

 

 
Figure 16 - Design Integration Model (extract NR/L2/INI/02009 Option 3) 

 




























































