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On Radiocommunications Networks: Developing the Requirements 
Specification

Overview:
You may remember the demise of PMR in favour of cellular for mobile communications in many 
utilities, local government organisations and even taxis.  The cause was a giant leap in assumed public 
network functionality coloured by beliefs held by a few powerful stakeholders.  Recent problems in 
public networks in conditions of high stress have shown that other communications forms may deliver 
benefits better matched to many user needs.  If the needs have not changed then many network 
sponsors and stakeholders were guilty of poor requirements elicitation several years ago.  So how 
might things have been different?  We have to go back to the beginning for the answer; back to the 
formulation of user requirements.

This first article in a series of three discusses why requirements elicitation is important and looks at 
an approach that might be taken.  The second article addresses what requirements might look like in 
mobile and fixed networks.  And the final article addresses how one might assure stakeholders that 
requirements have indeed been met once the network is deployed.  The three together forms a joined-
up prescription for how one might go about network specification.  The focus is the air interface 
element of the requirement; the part of the network solution that determines the traffic, the connectivity 
and the potential for disruption of that connectivity through interference.  At the requirements stage, 
such attributes are abstract since there is much design work to do before settling on technology and 
solution.  This scope limitation is therefore implied rather than expressed and the philosophy and 
process applies to the totality of the end solution as well as to the air interface alone.

In public networks what matters is quickly getting traffic (and hence revenue) from a set of subscribers.  
What matters in private networks is meeting user needs such that they can add value to the business.  
This added value generates indirect rather than direct revenue. Getting the requirements right from 
the outset is critical.
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Why is eliciting the requirements 
important?
By addressing requirements at the beginning, we are 
taking the view that the project sponsor’s aim is to get 
the design right first time.  We don’t expect to go along 
a cellular lifecycle where optimisation is permissible - at 
least not to the extent of shifting infrastructure around to 
meet requirements that should have been foreseen.  

This first article centres on the user.  It begins by looking 
at benefits to the user. It proceeds to look at requirements 
elicitation as a process to be undertaken with the user 
and it ends with a look at the role of the consultant in the 
process as an independent representative of the user.

Who benefits from getting the 
requirements right?
Jumping quickly to talk about a ‘system’ or a ‘network’ 
is premature.  We only know that it is a network by 
assumption.  We will therefore refer to the end result of 
investment as the realisation of a capability.  

Defining the ‘user’ is not straightforward.  Generally 
it is the person or persons who expect to benefit from 
that capability.   Ultimately this is the organisation’s 
executive but really there is no one user.  The term ‘user’ 
is ambiguous and refers to a broad group of stakeholders 
including the intimate users who will actually drive the 
capability.  It includes control room staff and drivers.  
The term ‘user’ is a proxy for all.

Since ‘users’ are a disparate bunch, there is no one 
individual who has the right to talk on their behalf.  By 
covering a number of people, we need some activity that 
takes in a collection of views and reconciles them to a 
single set of mutually supportive statements.     

One way of starting the task is to develop a succinct, single 
statement of user need.  Such a statement is as high-level 
as it gets.  It needs to say who wishes to benefit from 
the capability and how.  “The Health Authority wishes a 
capability to effectively manage supplies delivery around 
the district” is an example.  Such a statement gets the 
brain going and is surprisingly difficult to formulate.  It 
should be as succinct and tangible as possible but leave 
out any words suggesting solution.  

The single statement of user need should be completely 
technology- and solution- neutral.  In the example given, 
we could use carrier pigeons.  They might not be very 
effective but they would be a capability.

Figure 1:  Capability Clusters Example
(arrows indicate dependencies)
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Expressing purpose
The definition of purpose follows the single statement of 
user need.  It is a straight elaboration from that first succinct 
paragraph and puts it in more tangible and measurable 
terms.  It tells how that health authority would know if it was 
really benefiting from the capability.  This is a chance to 
put metrics to the high level statement including objectives 
in percentage time, locations, time of day and quality of 
service.

To put objectives to the user statement we might need to 
consult corporate aims, missions or objectives statements.  
A statement of percentage area would need a link to the 
geographic definition of the health authority’s area of 
responsibility.  This high level inclusion of corporate mission 
is termed the ‘world view’ from which the requirement is 
developed and serves to inform and influence the purpose.

We know who the user is.  We have defined the single 
statement of user need.  We have elaborated this to define 
the purpose of the network using the corporate aims.  
We now have a pretty good idea about what benefit the 
capability brings and to whom.  We’re therefore ready to 
tackle the lower level requirements.

Requirements gathering as a process
Requirements capture is a process and should be 
acknowledged as one.  It is not uncommon for engineers 
to ignore the process and make a series of assumptions 
based on experience. The result is likely to be the often 
experienced outcome: the wrong network but designed 
right.  Both users and management must trust the process.  
They must avoid the desire to jump immediately to a series 
of ill-thought through requirements statements and move 
on to system design.  

The requirements elicitation must also be given a timeframe.  
A capability to cover the next year will be very different from 
that covering the next ten years. 

2

Defining the context
This top-down approach to requirements elicitation is 
deliberate.  It takes the high level expectations of the 
stakeholders and elaborates them.  We’ve seen so far 
that capabilities have a purpose; a succinct statement.  
But as with all systems, capabilities exist in a context.  A 
communications capability for rural doctors is a very 
different beast to that existing in the context of a large 
urban area.  Get the wrong context and you get the wrong 
definition of capability and hence the wrong statement of 
requirements and eventually the wrong system.

Taking the dictionary definition, a context is an environment, 
a situation, a scenario.  To define the context of a capability 
means defining the environment in which the capability 
will exist.  The following are four examples.  They should 
be taken only as examples; actual contexts will need to be 
developed case by case.

•  Under the Spectrum Management context we need to 
define how spectrum access is to be secured; whether 
through a spectrum intermediary, whether we might 
expect spectrum sharing or whether spectrum commons 
would exist as a route.  This is not a statement of how 
spectrum will be acquired but a statement about the 
environment under which access might be achieved.

•  The prospects of road tolling and congestion charging 
in the Transport Context will have a huge impact on the 
capability, demanding perhaps greater effectiveness 
than might otherwise have been expected.

•  The future will bring a less stable Employment Context 
with companies run by a small core of key staff and a 
host of casual employees.  If true, this has a bearing on 
staff training and other aspects of capability usage in 
the future.

•  As the context that might define the cost of finance and 
hence the means by which the system would be paid 
for, the Financial Context is perhaps the most obvious of 
all.  Recent studies suggest that unless the Government 
changes policy, the economy will basically remain 
stable for the next ten years: a useful view bounding the 
capability.
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Context definition should be neither over- nor underplayed.  
A simple set of statements is all that is needed to guide the 
requirements gathering and subsequent modelling.

Expressing approach
The final element at this stage is the setting of an approach 
to meeting the requirement.  It is imperative that this is not 
seen as the solution.  After all, we have yet to actually define 
the requirements and cannot permit ‘solutioneering’. 
 
Expressing an approach is simply stating the approach to 
the communications problem.  It may be stating a preference 
for data over voice.  It might be a bias towards a multitude 
of small, autonomous networks though which users would 
transit.  Or it might suggest an approach that relied almost 
entirely on wired communication.  The approach must fit 
the contexts whilst meeting both the single statement of 
user need and purpose bounded by the ‘world view’.
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Figure 2:  Nodal Model Example
(arrows indicate information flow)

Methods
There are many methods to develop a network requirement 
specification.  They include questionnaires, structured 
interviews and workshops, all aiming to elicit the user 
requirement.  All have their place.  All must be planned, 
constructed and managed carefully.

As an example, imagine a series of one-to-one sessions 
held with all senior police officers during which coverage 
requirements were charted graphically.  Done on screen, 
this mapped all voice and data demand spatially against a 
series of established scenarios.  

Imagine also using felt pen and 1:250,000 scale maps with a 
group of health service managers. This concluded delivery 
routes and the degree to which these routes might be 
served.

There are a host of methods.  What is important is that the 
methods used are appropriate and of a scale to match the 
capability being described.



The requirements specification
What would a requirements specification look like after due 
process?  How would we know if we’d actually got a good 
requirements specification when finished?

There is a huge problem in using the written word alone.  The 
written word is so terribly ambiguous.  Even if care is taken, 
ambiguity prevails.  A statement that “the user shall enjoy 
coverage across 95% of all delivery routes” is a classic.  
Does this mean five routes in one hundred completely void 
of service?   Does it mean that 5% of the length of each 
discrete route can have outage? Or does it mean that when 
all routes are concatenated, 5% of the total can be missing?  
Such statements are just too simple.  

The answer to this question is that users should be able 
to test the requirements specification for completeness 
and adequacy against the single statement of user needs, 
against the contexts and against their view of the network 
purpose.  The lawyers and engineers in the team should be 
able to test for robustness.  In the example, missing whole 
routes out may be hopelessly inadequate whilst the odd 
outage over the total route length might be acceptable.

4

Figure 3:  Graphical Requirements Example Showing Bus or 
Delivery Routes

Requirements can also be modelled.  Modelling is a 
technique where a representation of the capability is 
developed and exercised to check that it does meet the 
higher level elements - the single statement of user need, 
the purpose and the like.  The model can be expressed as a 
set of diagrams and some types are shown.  The capability 
cluster (Figure 1) acknowledges that there are a number of 
sub-capabilities that join together to meet the need.  The 
nodal model (Figure 2) describes the entities or players 
and shows relationship between them.  It shows the nodes 
at which flows of information meet.  In every case the 
relationships, entity descriptions, capability descriptions 
and other narrative can be used to quantitatively express 
the nature of the links.   

The most obvious diagrammatic tool is the definition 
of the service area and with it the definition of the word 
‘service’.  Figure 3 shows clearly a set of bus or delivery 
routes.  A succinct statement can be prepared describing 
the coverage, traffic and quality of service to be enjoyed by 
users as they move on the routes. 

Requirements elicitation and the use of modelling in this 
activity is a big subject and it is well beyond the scope 
of this introduction.  Suffice to say that the requirements 
specification and modelling will be a mix of diagrams, maps 
and text that unambiguously defines the user need.
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The role of the consultant
Internal or external consultants have valuable roles.  One 
consultant role is that of facilitator.  It is difficult for users 
to define what they want.  Each user will state their needs 
from their own limited viewpoint.  Each user will have a 
very different viewpoint from that of his peers.  It is the 
consultant’s role to bring these disparate needs together 
into one specification.

Users state their needs from their idea of their role today.  
Their role tomorrow must also be captured.  The consultant 
must tease out how the users’ business will change having 
first agreed a timeframe with the network sponsors.  Users 
will seldom consider how their job will change as a result 
of the implementation of the network. This change may 
demand modelling of operative activities using business 
process engineering techniques.  

The world of software engineering has many tools 
for requirements elicitation.  Many of these can be 
adapted for use in the radiocommunications world.  The 
radiocommunications network is an extension of the 
greater organisation communications system though it has 
very specific facets needing specific domain knowledge.  

Finally, one must avoid ‘solutioneering’ at the requirements 
stage.  A real requirement must talk in user terms and must 
be a coherent statement of (all) user needs.  It must not talk 
of technology and solution.

There is one question that remains.  Should the consultant 
(or anyone else) be asked for a reality check?  To achieve 
intensive coverage within every building across a city will 
need deep pockets so should reality prevail at this point?  
Our view would be ‘no, absolutely not’.  The requirements 
specification is just that: requirements only. No-one should 
make value judgements at this early stage about the degree 
to which the requirements are to be met.  That comes when 
we design the network to meet the requirements and 
then have to balance compliance and technologies with 
budget.
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On Radiocommunications Networks: Specifying the requirements

Overview:
There are many public statements (or often, part statements) of radiocommunications user 
requirements. The headline specification for the Airwave Service, for example, is in the public domain 
(though the detail of how it is applied is not).  But one must avoid repeating the mistakes of others who 
have trod the requirements path before.  Never assume that such statements are technically correct, 
useful or appropriate for your own context and your single statement of user needs. 

This next article will look in-depth at the metrics of the requirements specification.  The final article 
in the series will discuss validation and verification within a network deployment.  The three articles 
together define a ‘quality’ approach to network deployment where ‘quality’ is the modern definition: 
the effective satisfaction of user needs.
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Specification
In the previous article, the focus was on the importance 
of properly developed requirements.  Requirements 
elicitation is the first stage in the implementation of 
a radiocommunications network.  By following the 
methodology from the last article you should now have a 
highly detailed mental map of the structure of the high-
level requirements statement of a future capability.  In this 
article, the focus is on the specification that comes from the 
higher level needs; the detail of service, the connectivity 
and coverage. The key issue now is what should go into 
that specification and for what purpose.

Before rushing into the specification, it is essential that 
we understand something about the behaviour of the 
human users and of the technology involved.  Both are 
stochastic; that is, describable only in terms of probability.  
Signals propagate by diffusion, refraction, diffraction and 
reflection and are impacted upon by environmental noise.  
Interference to some degree is inevitable, as are locations 
with poor service.  And users behave randomly but with 
some purpose.  Thus for any user at a time and location, 
there will be a determinable probability that a particular 
communication will be possible.  This probability will never 
be 100% - this is impossible in practice.  Here the consultant 
has to guide users’ expectations to what is physically 
achievable.

In the previous article we defined parts of the requirements 
specification such as the Single Statement of User Need 
(SSUN), the purpose, approach, world view and the contexts 
in which the capability will exist.  It’s now time to flesh out 
what the users actually need from the capability.

There are many views on detail required in a complete 
requirements statement. The following outlines one 
structure.  It can be modified to fit the circumstances of the 
project; small projects may have single, short document 
with larger capabilities may need several levels to break 
the project down.

The first document is the User Requirements Specification 
(URS) or Definition (URD). The second is a Functional 
Specification (FS).  The FS defines the functionality the 
capability must have (without ‘solutioneering’).  For 

mandated technical constraints a Technical Specification 
(TS) may be useful.  These documents feed the first of the 
solutions documents, the Detailed Design Specification 
(DDS) or Document (DDD).  It is the URS, FS and TS that 
can be used to go out to tender and hence they are key 
management deliverables in the commercial interface.  
They define what the capability must be able to provide for 
the user but not how it might do it: that is for the supplier to 
detail in his offer.

The URS and FS have key roles in the project lifecycle.  
First, they reflect the users’ needs.  Secondly they provide a 
link to the SSUN and should be capable of being validated 
against it and its higher tier document set. Thirdly they 
bridge understanding between users and the engineers 
who will implement the network that will provide capability.  
Fourthly they feed the integration programme that parallels 
the acquisition project.  Without integration into the client 
organisation (with training, information, documentation, 
support and the like) the network will never become 
a capability and yield benefit.  And finally, from these 
documents come the acceptance test cases to prove 
performance.  Note that acceptance testing is at a user 
level; there may be lower level tests but all the users want 
is the capability, not the technology nor the solution used to 
realise it. Acceptance testing is done on the users’ behalf 
at the user level.

So what makes a good URS or FS?  Some key elements are 
described below.

Defining the Service
The user makes use of a service.  Service must be defined in 
terms of flows, space and time.  The term ‘flows’ is used to 
describe the voice and data that comprise the information 
flowing between nodes within the capability.  Each of these 
parameters are to be specified in terms of probability so 
we will be talking in terms of percentage of voice calls, 
percentage of short data messages provided to percentage 
of locations for a percentage of time.  And nothing is 100%.

Whatever element is specified, it must be testable. Without 
testability we can never know if the capability actually met 
its purpose.  Measurement can be made in many different 
ways.  Lower level requirements can be measured by 
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electrical survey or test.  User surveys can also be used to 
assess parameters that depend on human behaviour and 
resulting loading of the network.  Whatever the method, 
measurement should be straightforward and oriented 
directly towards proof of benefit. This is crucial; proof of 
supplier compliance relies on it.

In capturing the locations where service is required, one 
must consider all of the behaviours that the user might 
exhibit.  The user may travel by vehicle.  He needs service 
when doing so.  He may travel on foot.  Because the vehicle 
is moving faster through fades, a higher outage can be 
tolerated than perhaps that for foot operatives.  On the 
other hand if the vehicle comes to rest arbitrarily, it would 
be dangerous to have too high a probability of outage at that 
stopping point.  Some reasonable set of metrics needs to be 
developed.  An example might be 97% of sectors along all ‘A’ 
or ‘N’ roads for mobile users.  A ‘sector’ is a short piece of 
roadway or space within which we can define an expected 
locations probability. This comes from knowledge of the 
way in which signals fade across the short sector.  Whilst its 
treatment lower down in the specification hierarchy varies 
depending on technology and frequency, we can ignore 
this at the higher level and state the probability the users 
need. We do however have to specify the nature of outages 
perhaps demanding no individual outage of more than say 
four sectors in length (or around 200 metres at UHF).

Considering the expectations of operatives on foot, we might 
require a 95% probability that a foot patrol can communicate 
from anywhere within 99% of short sectors across a town.  
We would then have to go on to define the town.  Some 
areas of town may be more important than others.  In some, 
the operatives may have to go indoors.  Again we need to 
create a reasonable definition.  An example would be the 
necessity for operatives to enjoy communications in 90% 
of locations within 85% of all domestic housing dropping 
to perhaps 70% of locations within industrial premises.  
The whole activity is about describing the behaviour of 
the operatives as they go about their daily work and then 
documenting this in quantitative terms.  The percentages 
must be realistic.  Modern mapping tools allow this detailed 
capture but maps and felt pens are a good alternative in 
simpler capabilities.  Always remember that it is the user 
need that is being captured and not how some solution 
should provide it.

Figure 1:  Vectors Highlight Requirements on a Single Site 
Coverage Plot
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Finally, specific locations need to be captured.  These 
may be locations of fixed nodes such as radio connected 
dispatch positions, alarm or data monitoring stations.  Again 
the probability that an operative or device at one of these 
nodes can communicate using a defined service must be 
stated.

Layered Capture
For mixed networks of fixed, mobile and portable terminals 
for speech, short data and more intensive data use, the 
specification becomes complex and probably more than 
can be displayed by one layer.  Adding different times of 
day, differing priorities of user and differing importance 
of information allows information flows to mirror the 
organisation. Using software tools and multiple layers of 
vectors and points, these multi-facetted requirements can 
be captured and modelled.  

A key advantage of private networks over public is the ability 
to control performance in times of high network stress.  This 
too can be modelled, stating the new requirements in event 
of some emergency or other time of peak load.

The final attribute of a good specification is the need for 
completeness.  It must cover all appropriate parts of the 
user organisation.  It must include lessons learned from 
previous capabilities and it must include a gap analysis 
between current and intended new capabilities.

3
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The Role of Design
Let us assume we have a comprehensive specification, 
well captured and validated.  It is possible to simply take 
this, attach a letter requesting information (RFI) or a 
letter requesting a quotation (RFQ) and send it to possible 
suppliers.  In so doing you would not be behaving as an 
informed buyer; you would be tossing a specification 
over the procurement wall to await a response some time 
later.  Informed buyers proceed through the design phase 
to test various solutions and how they would meet the 
requirements.  The aim is ‘no surprises’ when the tender 
responses are received.

Figure 3:  The Informed Buyer Radiocommunications Project 
Lifecycle

Let us digress for a moment and discuss the project 
lifecycle that the acquirer of the new capability will have 
embarked upon.  Firstly there is project inception; the point 
at which the rationale for the capability was generated and 
proposed to the organisation’s executive for initial approval. 
Then there’s the requirements elicitation discussed in the 
previous article that achieved the URS/FS/TS we have now.  

Then someone designs a solution based on the requirements 
and implements a network. Post-implementation we expect 
there to be a period of proving.

Following this lifecycle, a number of solutions providers 
are going to offer solutions against the requirement.  One 
excellent way to evaluate these solutions is to generate 
benchmark solutions within the purchasing organisation 
that are fully requirements-compliant.  An example of this 
is where the benchmark design is used to estimate the 
number of radio sites that tenderers would be likely to offer.  
This immediately provides a means to identify tenderers 
who fail to fully understand the issues; something that is 
distressingly common when it comes to coverage.  The 
benchmark allows potential designs to be exercised and 
detailed costings modelled against various performance 
trade offs.  The result: a very well informed buying 
organisation.

Figure 2:  The Radiocommunications Project Lifecycle
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So how does one prepare benchmark solutions and exercise 
them?  The answer is to set up the requirements (in all their 
complex forms) within a network modelling tool.  Then 
design network solutions that are compliant.  How intensive 
and extensive this will be depends on the complexity of the 
requirements.  The network modelling tool should have 
an interface to business modelling applications such as 
MS ExcelTM.  Analysis of factors such as connectivity, 
coverage and traffic flow is then straightforward against 
various user scenarios and these can be examined in 
depth.

Within the first article in this series, mention was made of 
the spectrum context.  Now, during the design, the actual 
methods of spectrum acquisition can be probed and 
costed.  The cost versus interference of different amounts 
of spectrum can be assessed.  You, the buyer, can behave 
through simulation as if you actually have the network now, 
but on screen.  Your kids play Sim City – now it’s your turn to 
play with your very own on-screen ‘train set’!!

5

Summary
So where are we now?  In the first article we argued for 
elicitation of requirements starting from the top with a 
single statement of user needs and drilling down.  In 
this article we’ve argued for the development of a set of 
specifications – the URS, FS and TS.  The set can be used to 
brief potential suppliers on the requirements.  We’ve argued 
also that behaving as an informed buyer is important and 
that the specifications can spawn a series of benchmark 
designs that can be used within the acquiring organisation 
to simulate the solution and model costs and revenues.  
History shows that blindly accepting what suppliers say is 
not wise – better to know what to expect and to test the 
competence of any future partners.

These two articles have moved the radiocommunications 
network acquisition activity along the lifecycle to the point 
of implementation.  The third and final article will discuss 
the quality concepts of validation and verification and how 
to use these to ensure that what has been installed actually 
meets the user needs.
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On Radiocommunications Networks: Proving the Requirements

Overview:
It is every project manager’s aim to achieve something that they would identify as a ‘quality’ network 
when implemented; but just what is quality and how, objectively, can this be achieved?  One definition 
of quality talks of ‘fulfilling stated and implied needs’.  Others simply express quality as an attractive 
network characteristic.  Many definitions come from theorists like Deming.  For the purposes of this 
discussion, quality will be taken as ‘doing what you say you will’.  Quality is therefore stating how the 
capability must perform, implementing it and then proving by offer of evidence that the performance 
has indeed been supplied.

There are two often misunderstood (and sometimes often misquoted) philosophies that must be invoked 
to assure quality.  The first is validation.  Any integrator must be able to prove that his design is a valid 
representation of the elicited and specified requirements and this should be done by inquisitorial 
investigation.  The second is verification and here the integrator must be able to demonstrate by test 
that the capability implemented is as outlined in the design deliverables.  Combining the two permits 
the inference that through design, the implementation meets the requirements.

This latter point is often missed.  In one large network implemented recently, the design phase was 
going so badly that the integrator dumped the validation step, asking the end users to trust that all was 
well and that finally proof of requirements compliance would be provided at the end.  In large projects 
this demands quite a leap of faith and certainly goes against the ‘informed buyer’ concept suggested 
in the previous article.

Taking each of these two philosophies in turn we can now investigate how we should assure quality.  
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Validation and Verification
Validation is a check between requirements and design.  
Design is represented by the deliverables of that phase.  
When describing the air interface of a mobile network, these 
design deliverables would include coverage plots, traffic 
models, frequency plans and interference prediction plots.  
Taken together they represent the anticipated performance 
of the capability against locations on the ground.  Traffic 
demand is temporal and so we might also expect there to 
be a temporal dimension perhaps with performance laid 
out against time of day.  Here lies the first clue about how 
one goes about validation.  Take each point on the ground 
at each period in the day and compare requirements with 
design expectations.  Ask ‘Will the design yield the required 
communications?’  Wherever design performance meets or 
exceeds requirements count a ‘1’.  Wherever the design falls 
below requirements count a ‘0’.  Sum the two and compare 
as a percentage to find the percentage compliance or the 
degree to which the design will satisfy the requirements.  
Make it as complex as needed with compliance measured 
on roads, in towns, in areas of special interest or during 
periods of high network stress.  Do the assessment by 
inquisition and not just casual observation.

This is an intensive activity.  In the first article we suggested 
that the requirements should be captured electronically.  
Similarly, designed performance can be described 
electronically with performance stated at every map pixel.  
This then means that a computer can be used to make the 
inquisitorial investigation, determining compliance for every 
pixel for each compliance category.  If the percentages 
meet the need then this confirms that the design is a valid 
representation of the requirements.  Do remember though 
that some error between the two is permissible.

2

The next element is verification.  Verification demands that by 
some test or other (normally a drive test in a mobile network) 
evidence is presented to show that the designed performance 
has been met when the network is deployed.  To do this we 
need two things: a set of test results and the deliverables 
representing the design already used in validation.  Again 
testing can be completed electrically, measuring actual 
air interface performance at each pixel on the map and 
at each point in time from either signal level, perceived 
speech quality, error rate survey or traffic flow depending 
on intended network traffic.  Comparing ‘actual’ with ‘as 
designed’ data in a quantitative fashion gives a percentage 
measure of the degree to which the implementation meets 
the design for each compliance area.

Confidence and Sampling
To test every pixel of a map is near-impossible and certainly 
costly.  To drive test every bus or delivery route is likewise 
labour intensive and hence expensive.  To compare every 
pixel of requirement with every pixel of design generates a 
huge data set for analysis.  So what can be done to reduce 
the workload? 

Correlation Between Measured and Predicted
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Sampling and inference is a common method used 
whenever there is a plethora of connected data.  The 
concept is that since the data is linked, checking some of 
it allows a conclusion to be inferred about all of it.  This is 
true but the lower the sample size the less the appraiser 
can be sure that the sample result gives an answer true of 
the whole population; the lower the sample size, the lower 
the confidence there can be in drawing conclusions about 
the whole population.  One good thing is that for a high 
confidence the sample size is relatively small.  A practical 
example suggests that only 400 samples from a multi-
site area coverage plot are needed to infer London-wide 
coverage to 95% confidence.  The only condition is that the 
samples must be taken at random so any regular drive route 
must itself be randomly sampled.

Sampling and inference means that to a stated confidence 
we can be sure that the design meets the requirements.  
Similarly to a given confidence we can be certain that the 
implementation is as specified in the design.  This then 
allows inference that to an aggregate confidence, the 
implementation meets the requirements.  Sampling theory is 
a well developed area of mathematics and many references 
exist to enable confidence calculations to be made.

Planning an Electrical Test
There are two reasons why one would want to conduct an 
electrical test of part or the entire deployed network.  The 
first is to check that the predictions used initially in the 
design are sufficiently accurate to allow all design work 
to proceed in the knowledge that the deployment will, if 
carried out correctly, be compliant.  The second is to check 
by measurement that the network meets the intended 
design – the act of verification. 

Whatever the reason, test planning needs care.  Too many 
surveys end with a useless data set because the test had 
not been thought through.  The following are some practical 
issues to be considered:

•  Receivers all measure over a time period.  Be sure 
you know what this time period is and hence what 
measurement the receiver actually makes in a field that 
varies with time and locations.  

•  Be wary of calibrated RSSI ports.  Often RSSI is a bench 
calibrated measurement which gives a wildly different 
answer when the receiver moves through a varying 
field. 

•  Use an antenna and vehicle combination that gives the 
desired polar response.  Be wary of dipoles mounted 
above vehicle roofs.  Know the response of the vehicle/
antenna combination.

•  Know how the speed of the vehicle affects the 
measurements. Know what happens when the vehicle 
or pedestrian slows or is stationary for a period.  
Determine how you will treat this when reporting.

•  Consider how accurate the measurements themselves 
need to be.  There is another totally different ‘confidence’ 
associated with the measurements themselves.

Coverage Plot with Survey Route Overlaid
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Finally, use the ‘scientific method’ of investigation: know the 
result that you expect, then set out to gather evidence to 
prove (or refute) your expectations.  Problems occur when 
surveying blind.  It is such a waste of time to return to base 
after days of results-gathering only to find that the method 
was wrong and that if only you had known what to expect, 
you could have found the problems on the first day.  The 
design documentation sets out expectations.  Provided that 
prediction is done using algorithms of reasonable accuracy 
you would expect there to be a high correlation between 
design and implementation.

In conducting the survey, do be aware that interference 
and noise degrade results.  By knowing what to expect, 
the surveyor can detect such abnormalities.  Surveying on 
‘empty’ networks also produces very different result from 
when the system is heavily loaded with real traffic.

4

Conclusion
This third and final article has covered some of the theory 
behind assuring quality in network implementation.  The 
concept is that by saying what you as integrator will do, 
then doing it and subsequently proving it done you will have 
assured quality.  This article shows how this should be done 
considering all of the management deliverables and all of the 
technical deliverables outlined in the previous two articles.  
By taking a joined-up approach where requirements 
feed design and design leads to implementation, checks 
can be done to make sure ultimately that the end user of 
the capability is satisfied.  A validation step can even be 
performed to check by his satisfaction by questioning.  If 
the methods proposed in this series of articles are followed, 
the chance of a negative response to this ultimate quality 
step is minimised.

This three part document was published in Land Mobile 
Feb/Mar/April 2007

For more information about the authors and ATDI please 
visit: www.atdi.co.uk
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