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Disclaimer 

CRFS and RFeye are trademarks or registered trademarks of CRFS Limited. 

Copyright © 2011 CRFS Limited. All rights reserved. 

No part of this document may be reproduced or distributed in any manner without the prior 
written consent of CRFS. The information and statements provided in this document are for 
informational purposes only. 

Any measurements, recommendations, opinions or findings provided are only true and 
accurate for the conditions encountered at the time of any survey and CRFS accepts no 
liability for any errors or omissions. 

In no event will CRFS be liable for any consequential, indirect or incidental damages 
whatsoever, including lost profits, business, contracts, revenue or anticipated savings arising 
out of the use of any CRFS products or documentation (or from errors or deficiencies therein), 
reliance on the data or measurements produced or information contained within. 
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Executive summary 
CRFS conducted a mobile signal strength measurement campaign in the county of Devon for 
Ofcom in September and October 2010. We carried out a survey over a period of seven 
weeks, aiming to cover as many roads in Devon as possible and with a particular emphasis 
on rural roads given the potentially greater likelihood of 2G or 3G coverage issues in those 
areas. Overall, the majority of roads (62% of the road network) was surveyed, a high 
percentage given the rural nature of much of the region and particular problems with a high 
proportion of single track roads with no turning places. Just over half the urban roads of 
Devon (51%) were covered and around two-thirds of rural roads (66%). More than 3 million 
2G and 3G signal measurements were recorded for each operator using the RFeye spectrum 
analyser and more than 200,000 3G measurements using a Telit modem (see Figures 0.1 
and 0.2). 

  

Figure 0.1  
2G and 3G measurements using RFeye 

Figure 0.2  
3G measurements using the Telit modem 

The signal strengths recorded in the measurement campaign were compared with predicted 
signal strengths provided by the mobile network operators (MNOs) from their radio 
propagation models. The measured signal strengths were in line with the operators’ 
predictions; generally, the signal strengths measured were higher than the predicted values. 
This leads us to conclude that the MNOs’ propagation models are reasonably accurate and, if 
anything, err on the cautious side in their predictions. 

In terms of coverage, of the roads that were surveyed, the operators have generally good 
coverage for 2G services, with all operators’ measurements showing between 96% and 97% 
acceptable or better service available. The situation is much more variable for 3G coverage. 
In general, there is reasonable coverage of the roads surveyed in the major conurbations with 
service degrading with distance from the central areas. Two operators have good coverage 
along some of the major inter-urban routes in the county and the other three operators do not. 

The measurement campaign did identify some not-spots in the 2G networks in more rural 
areas of the county. In general, these were isolated but there were some areas of poor 
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service common to all operators which would seem to be a feature of the geography of the 
area. 3G not-spots are much more prevalent.  

Table 0.1 describes how the measured power levels compare with the operators’ own 
predictions. The first column gives the mean value: a positive number indicates that overall 
the measured values exceeded the operator predictions; a negative value indicates that the 
measured values were lower than the predictions. The second column describes the standard 
deviation of the measurements from the mean. The lower the value, the more consistent the 
individual readings were with expectations. 

Table 0.1  A summary of CRFS measurements versus operator predictions 

  (Measured − Predicted) power (dB) 

 MNO Mean Standard deviation 

2G 

A2 9.2 7.8 

B2 13.7 9.5 

C2 9.0 11.2 

3G 

A3 −1.0 13.1 

B3 −6.3 14.5 

C3 −0.3 14.0 

D3 3.7 14.1 

E3 0.5 14.9 

 

Table 0.2 shows the proportion of all the measurements that recorded power levels above the 
threshold defined for a location to be a not-spot 

Table 0.2 Proportion of Devon readings above the not-spot threshold  

 MNO % readings where detected 
power levels likely to provide 

a telephone service 

2G 

A2 96.7% 

B2 96.2% 

C2 96.6% 

3G 

A3 34.3% 

B3 34.7% 

C3 34.7% 

D3 18.8% 

E3 22.5% 
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In addition to the Devon measurement campaign, CRFS did some measurements on major 
national routes to obtain a view on the extent of 2G and 3G coverage on these routes. The 
2G coverage was consistently good. The situation for 3G is less uniformly good - all the 
operators have reasonable 3G coverage of the routes driven, but with some not-spots and in 
some cases areas where no signal was detected (the A11 to Norwich seems to have areas of 
no-signal from all five 3G operators). Table 0.3 summarises the overall performance. 

Table 0.3 Proportion of major route readings above the not-spot threshold  

 MNO % readings where detected 
power levels likely to provide 

a telephone service 

2G 

A2 99.82% 

B2 99.86% 

C2 99.32% 

3G 

A3 36.06% 

B3 36.09% 

C3 38.00% 

D3 27.60% 

E3 27.20% 

 

We conclude from this that customers seeking to make voice calls on major routes are 
unlikely to experience problems because of a substantial lack of coverage (although there are 
some not-spots and dropped calls do occur). Problems can arise with issues of capacity when 
traffic hold-ups cause unusually large numbers of motorists to use phones and other mobile 
devices. These are problems of capacity rather than coverage. 
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1 Introduction 
CRFS is delighted to present this final report to Ofcom describing the conduct and the results 
from the CRFS Mobile “Not-Spot” Measurement Campaign. CRFS was commissioned by 
Ofcom in May 2010 to conduct this survey. 

The key requirements of Ofcom were: 

• to drive the majority of the roads of the county of Devon, measuring the strength of mobile 
telephone signals in the 900MHz, 1800MHz and 2.1GHz ranges, which are the frequency 
blocks allocated to mobile phone service delivery 

• to compare the measured signal strength against the signal strength that the mobile 
network operators (MNOs) extract from radio propagation models and use as input to 
their signal strength systems, which predict mobile telephone signal strength on 
operators’ websites 

• to identify ‘not-spots’ where the measured data shows no mobile telephone coverage 

Ofcom has used CRFS in previous spectrum monitoring projects and is familiar with the 
CRFS RFeye spectrum scanner and the roofbox-mounted scanner system. CRFS assembled 
a team of drivers using people from Manpower to drive roofbox-equipped vehicles. 
Measurement began on 20 September 2010, continuing until 29 October. 

The team drove nearly 20,000km in this period. There was duplication on many routes as the 
team crossed the county. In all, more than 8,000km of the roads of Devon were covered, 
representing 62% of the total road length of the county, comprising just over half (51%) of the 
urban roads and 66% of the rural roads.1

• Chapter 2 describes the equipment used and shows the coverage achieved. 

 We estimate that between 10% and 20% of the rural 
roads were impossible to survey safely because they were single-track roads with no turning 
places leading to private properties. 

This report describes how the data was gathered and presents highlights from the 250Gbytes 
of data gathered in the course of the drives: 

• Chapter 3 compares the data gathered against the data provided by the MNOs 
(Everything Everywhere (still treated as two separate operators for 3G as their networks 
were not unified for customers when our measurements were made), O2, Three UK and 
Vodafone) and comments on the accuracy or otherwise of the predictions. 

• Chapter 4 looks at the not-spots detected for each operator, the partial not-spots where 
there is service from fewer than four operators and the total not-spots where there is no 
coverage from any operator. 

• Chapter 5 looks at main road coverage on a small sample of the UK’s busiest roads. 

                                                      
1   The Urban/Rural split was based on the NAVTEQ classification of roads in the county. 
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2 T he meas urement methodology and 
conduct 

CRFS used a well-tested roofbox-mounted system to do the measurements and these were 
driven around Devon in September and October 2010. The following sections describe the 
measurement equipment and the driving process. 

2.1 Measurement methodology 
For this project, data was collected in two ways: 

• Using the CRFS RFeye2

• Data collection on potential not-spots in the 3G bands was done using an on-board Telit 
cellular modem

 spectrum analyser, a sweep was done of the RF spectrum from 
10MHz to 3GHz, in order to develop an understanding of the amount of activity in this 
frequency range. This approach was sufficient to collect the radiated power for 2G and 
3G services. However, because of the coded and dispersed nature of 3G signals, it was 
necessary to make additional readings for 3G data collection. 

3

The CRFS roofbox measurement system contains a number of antenna arrays and power 
control systems as well as the RFeye node (see Figure 1). This type of roofbox system is 
often carried around the country using drivers doing ‘anyway miles’, i.e. not directly employed 
by CRFS. The typical driver is a travelling sales person or private home delivery person.  

 which exchanges information with all of the base stations it can see as 
the precursor to setting up a call. If no base station from an operator can be seen (i.e. it 
cannot exchange basic signalling information), then the location where the readings are 
taken is logged as a candidate not-spot. Furthermore, if a signal is seen but is below a 
certain threshold, then the location at which the measurement is made is also a potential 
not-spot. 

 

Figure 1  The CRFS RFeye node and antenna mounted in a roofbox 

                                                      
2  The RFeye node is a real-time fully programmable spectrum analyser with time and frequency domain capture 

capability that is used for data logging and extended time domain analysis of the RF environment. 
3  The standard RFeye node has a built-in 2G/3G modem from Telit Wireless Solutions that is connected directly 

to the on-board embedded Linux system. This modem is used to provide GPRS/EDGE and HSPA data 
connections to use PPP/IP for remote control of the RFeye node and data transfer to and from the RFeye node 
as well as basic SMS-type communications. 
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CRFS uses commercially available equipment to communicate with all the base stations it can 
see at any one time. 

There were some concerns that the antenna being used by the modem for communications 
was not well calibrated and that a commercial measurement antenna with fully documented 
beam pattern and gains at all relevant frequencies should be used. CRFS addressed that 
concern, using an antenna from Cobham for which it has all the measurements across its 
entire frequency band. 

2.2 The drive process and coverage 
CRFS made up six roofboxes like the one shown in Figure 1 and transported them to Devon 
in mid-September 2010. There they were mounted on six vehicles, two of which were driven 
by CRFS employees or associates and four by local drivers recruited from the recruitment 
agency, Manpower. 

In the lead-up to the measurement driving, we experimented with generating preplanned 
routes and following these routes using satellite navigation systems. However, the routes 
themselves were very complex and the satnav systems could not hold many points and could 
not cope with rapid transition between waypoints. We therefore resorted to printed map 
segments with the drivers instructed to cover the area in as much detail as possible. 

We learned from the experience of driving that there were so many obstacles and unexpected 
reasons why a particular route couldn’t be followed (single-track roads with no turning leading 
to private property, trees and other obstructions across roads, etc.) that most preplanned 
routing would have failed in any case. 

After a couple of days driving to test the equipment and familiarise the drivers with what was 
expected of them, data gathering began in earnest on 20 September. We planned to gather 
data over four weeks and anticipated that that would be sufficient time to get a good 
proportion of the roads covered. In fact, progress was slow for a variety of reasons, including 
the nature of the rural roads, adverse weather conditions and the distances that the drivers 
had to travel to get to previously undriven roads. 
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The upshot of the slow progress was that we had to drive for an additional three weeks to get 
to a level of coverage that was agreed with Ofcom as a reasonable level of coverage. At this 
point, we had driven in excess of 20,000km, covering 62% of Devon’s roads. We achieved 
more than half coverage of roads in urban areas (51%) and around two-thirds of rural roads 
(66%), as shown in Figure 2. The two large gaps in the map are the Dartmoor national park; 
since there are no roads there, it was not surveyed. 

 

Figure 2  A map showing the coverage of Devon achieved by the driving 

The data gathered in the course of the driving has been assembled in a database of 
250GBytes. There is a wealth of data in the database that cannot possibly be drawn out in a 
single report. In the course of the following chapters, therefore, we focus on particular aspects 
of the data, concentrating on the mobile operator frequencies and comparing measured 
results with predicted results and identifying not-spots. 

For each operator, we look at 2G frequencies (900MHz and 1800MHz combined) and at 3G 
frequencies (2.1GHz) separately. As can be seen in Table 1, the list of operators differs 
between 2G and 3G: 

• Three UK only has 3G frequencies so we omit 2G for that operator. 

• The Everything Everywhere 2G network became available to all Orange and T-Mobile 
customers during the course of our measurements. However, the 3G networks remained 
separate (and still remain separate at the time of writing), so Everything Everywhere 3G 
customers remained limited to either the Orange or T-Mobile networks. For 3G, we 
therefore treat the two networks as separate. 
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Table 1 List of 2G and 3G operators 

2G operators  3G operators  

• Everything Everywhere 

• O2 

• Vodafone 

• O2 

• Orange 

• Three UK 

• T-Mobile 

• Vodafone 

 

The mobile network operator datasets were provided to us on a confidential basis. Therefore 
we have anonymised the results of our cross-check of measured signal strength with operator 
data in section 3. At Ofcom’s request, the operators have been made anonymous in the rest 
of the report as well. The identifiers used are as follows: 

• 2G identifiers: A2, B2, C2 

• 3G identifiers: A3, B3, C3, D3, E3. 

2.3 Definition of types of signal 
We define a not-spot for a particular operator and technology (2G or 3G) to be a place where 
signal strength is so low that it is clearly the case that no calls can be made for that operator 
on that technology. We have used the same thresholds as used by PA in its report for Ofcom: 
Not-spots research: Impacts, causes and potential solutions for areas of poor coverage, not-
spots.4 Table 2 Those thresholds are summarised in . In addition, we recognise a further state 
as ‘no-signal’, where no signal of any strength within the relevant frequencies is registered. 
This state was not detected for 2G frequencies, but because of the sparser nature of 3G 
networks, failure to find a detectable signal was relatively common, especially in the more 
rural parts of Devon.  

This definition is quite constrained in that the measured power threshold below which we 
define a spot to be a not-spot is low and the measurement has been made with a good quality 
antenna, properly mounted at slightly above head height in a roofbox that is effectively 
invisible at the frequencies we look at. We are therefore confident that any area we identify as 
a not-spot is unquestionably so. 

It is possible that an area may be defined as a not-spot because of temporary engineering 
works.  

                                                      
4  http://stakeholders.ofcom.org.uk/market-data-research/telecoms-research/mobile-not-spots/ 
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Table 2  Thresholds used to define levels of coverage [Source: PA Consulting] 

Coverage Comment 2G coverage 
thresholds 

3G coverage 
thresholds 

No coverage Below this signal power, coverage 
is so poor that we assume that an 
operator won’t let a user on their 
network even if they can see it. 

−95.0dBm −113dBm 

Minimum 
planned outdoor 
coverage 

Between this level and the previous 
level represents poor/marginal 
outdoor coverage below the level 
operators do or should plan for. For 
the purposes of this study, this 
value or lower is deemed to be a 
not-spot. 

−87.5dBm −105.5dBm 

Minimum 
planned indoor 
coverage 

Between this level and the previous 
level represents good outdoor 
coverage but poor/marginal indoor 
coverage. 

−73.7dBm −91.7dBm 

Good coverage Greater than this level represents 
good outdoor and indoor coverage. 

> −73.7dBm > −91.7dBm 

 

2.4 Presentation of results 
Throughout this report, we show a large number of maps of the county of Devon. We use 
coloured dots to show readings of power or the difference between measured and predicted 
power. Given the scale of the maps, the coloured dots as they appear on the maps cover a 
greater area than the locality itself. This causes readings to overlap and some detail to be 
lost. However, the overlapping dots do give a good overall description of the situation at a 
macro level. 
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For example, Figure 3 shows a macro level view of a set of measurements in which the centre 
of Exeter is shown to be coloured green and yellow. A closer look in Figure 4 shows that, 
while that picture is largely accurate, there are also some lower power measurements 
(coloured red). This effect explains why some detail is lost when viewing measurements on a 
larger scale. 

  

Figure 3 
A macro view of measurements, which 
presents a high-level picture 

Figure 4 
A more detailed view from the same data 
set, which reveals more of the finer detail 
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3 Operators ’ performanc e agains t their 
predictions  

In June 2010, we began a process with all the MNOs of describing our methodology to them 
and obtaining their cooperation with the project. Operator cooperation has been essential as 
only they can allow CRFS access to the output from the radio propagation models that they 
use to predict signal strength. 

Initially, most of the MNOs were keen to understand what we were planning to do before they 
handed over their data for comparison. Gradually, their confidence in the exercise grew and 
all of the operators have provided us with their propagation model output. 

The MNOs’ signal strength data comes in different formats. Some came as a grid (either 50m 
or 100m) of Ordnance Survey (OS) eastings/northings, while others came as a set of our 
latitude/longitude points, with the MNO predicted level. In the latter case, a direct comparison 
between our measurements and the MNO predictions is possible. In the case of a grid, it is 
necessary to form a representation of both measured and predicted values on the same 
spatial point set. This was done by approximating both to a latitude/longitude grid, of size 
approximately 50m. 

Once the two sets of values are on the same spatial set, a comparison can be made. This is 
generally done by subtracting the predicted power level from the measured power level and 
plotting the resulting power levels. 

Having made these comparisons, we can then produce statistics for a given area and 
frequency range. We can also produce maps with areas showing with colours where the 
signals are stronger, the same and weaker. 
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3.1 Signal strength comparison – 2G operators 
This section looks at a comparison of our measured signal strength with the predicted power 
levels provided by the operators for the 2G networks.  

In the course of the measurement campaign, we recorded more than 3 million 2G readings 
across all the 2G frequencies.   

Operator A2 
Statistical analysis of signal strength comparison 

Figure 5 shows a histogram of the percentage of all measurements for Operator A2 versus 
the power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. For example, for 10% of the readings, the measured value was 7dB higher than 
the predicted value. The plot peaks at +9dB, and has considerable variation about that point. 
Measurements were therefore consistently higher than predicted values, with in excess of 
85% of the measurements taken being higher than the predicted values. 
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Figure 5  Operator A2: statistical comparison of CRFS measurements with signal 
strength predictions (2G) 
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Maps of signal strength comparison 

Figure 6 shows the measurements of Operator A2’s coverage across the whole of Devon. 
The predominance of yellow and green indicates strong coverage. A small amount of red 
shows where the coverage is borderline but still good enough to provide service. There is 
some evidence of not-spots, mainly in the middle of the county to the east of Chagford (east 
of Dartmoor) with scatterings of small stretches of not-spot elsewhere in rural parts of the 
county. There is a larger area of marginal coverage in the northwest of the county to the north 
and east of Holdsworthy with a higher incidence of not-spots there too. The signal strengths 
measured in urban areas were always strong. 

 

Figure 6  Operator A2: measurements taken across Devon (2G) 

In Figure 7, the difference between CRFS measurements and MNO predictions is shown. The 
thresholds for the different colours are shown in Table 3 (this colour scheme is used for all 
comparisons of measured and predicted power in this chapter). Positive values (orange, 
yellow) represent points where the prediction was pessimistic, i.e. lower power was predicted 
than was measured. Negative values show optimistic predictions, where the predicted power 
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was more than that actually measured. Pessimistic predictions predominate, although there 
are some optimistic ones which seem to be concentrated in the denser parts of the city where 
radio propagation modelling is necessarily more difficult. 

Table 3 Colour scheme used for comparisons of measured and predicted power 

Colour Measured signal 
relative to predicted 

Colour Measured signal 
relative to predicted 

Light green +/− 2dB   

Dark orange +2dB to +6dB Dark green −2dB to −6dB 

Light orange +6dB to +10dB Red −6dB to −10dB 

Yellow +10dB to +20dB Blue −10dB to −20dB 

Grey > +20dB Black < −20dB 
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Figure 7 shows how, for Operator A2, the predicted values were overwhelmingly pessimistic, 
i.e. the measured power was mostly stronger than that predicted by the operator models. This 
is not a surprise given the positive bias in the histogram shown in Figure 5. 

 

Figure 7  Operator A2: a comparison of measurements with signal strength 
predictions (2G) 
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Operator B2 
Statistical analysis of signal strength comparison 

Figure 8 shows a histogram of the fraction of all measurements for Operator B2 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. The plot peaks at +12dB, and has considerable variation about that point. 
Measurements were therefore consistently higher than predicted values, with in excess of 
95% of the measurements higher than the predicted values. 
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Figure 8  Operator B2: statistical comparison of CRFS measurements with signal 
strength predictions (2G) 
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Maps of signal strength comparison 

Figure 9 shows the 2G power measured across the whole of Devon for Operator B2. 
Generally the signals measured are strong but in the more remote areas we can see a level 
of borderline coverage and not-spots. There is some evidence of not-spots, mainly in the 
middle of the county to the east of Chagford (east of Dartmoor) with scatterings of small 
stretches of not-spot elsewhere in rural parts of the county. There is a larger area of marginal 
coverage in the north of the county to the west of Tiverton with a higher incidence of not-spots 
there too. The signal strengths measured in urban areas were always strong. 

 

Figure 9  Operator B2: measurements taken across Devon (2G) 
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Figure 10 shows the difference between CRFS measurements and MNO predictions. 
Pessimistic predictions predominate, although there are some isolated optimistic predictions 
scattered throughout the area measured. 

 

Figure 10  Operator B2: a comparison of measurements with signal strength 
predictions (2G) 
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Operator C2 
Statistical analysis of signal strength comparison 

Figure 11 shows a histogram of the fraction of all measurements for Operator C2 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. The plot peaks at +9dB and has considerable variation about that point. 
Measurements were therefore consistently higher than predicted values, with in excess of 
85% of the measurements taken being higher than the predicted values. 
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Figure 11  Operator C2: statistical comparison of CRFS measurements with signal 
strength predictions (2G) 
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Maps of signal strength comparison 

Figure 12 shows the 2G signal strength CRFS measured for Operator C2. The signal 
strengths measured are generally strong, but there is some marginal coverage in more 
remote areas and some evidence of not-spots is visible. The largest concentration of marginal 
coverage and not-spots is smaller for this operator than for the other two 2G operators. 

 

Figure 12  Operator C2: measurements taken across Devon (2G) 



Mobile “Not-Spot” Measurement Campaign – Final Report 

  18 

Figure 13 shows the difference between CRFS measurements and MNO predictions. 
Pessimistic predictions predominate, although there are some isolated optimistic predictions 
scattered throughout the area measured. 

 

Figure 13  Operator C2: a comparison of measurements with signal strength 
predictions (2G) 
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3.2 Signal strength comparison – 3G operators 
In addition to measuring radiated power at specific frequencies, 3G measurements were also 
taken using a 3G Telit modem which periodically scanned for 3G signals and processed and 
decoded those signals to measure 3G power. Because of the slower nature of the processing, 
the frequency of the measurements taken in this way was significantly lower than the 
measurements taken using the RFeye system. Figure 14 shows the locations of those 
measurements. Many of these locations contain reports for more than one channel and/or 
operator. In the plots below, if no measurement point is shown for a particular operator, it 
means that the operator was not among those that the modem detected and reported on at 
that location. 

 

Figure 14  Locations of 3G measurements 

Operator A3 
Statistical analysis of signal strength comparison 

Figure 15 shows a histogram of the fraction of all measurements for Operator A3 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
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power) in dB. The plot peaks at around −3dB, and has considerable variation about that point. 
Measurements were therefore marginally lower than predicted values, with more than half of 
the measurements being lower than the predicted values. 
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Figure 15  Operator A3: statistical comparison of CRFS measurements with signal 
strength predictions (3G) 
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Maps of signal strength comparison 

Figure 16 shows the measurements of 3G coverage for Operator A3 across Devon. The 
measured signal strength is high in the major conurbations and along the eastern coast area 
of the county. The coverage becomes more borderline away from the centres and from the 
eastern coastline. Signal is visible through much of rural Devon, but the signal strength is low 
enough for many areas to be considered not-spots. 

 

Figure 16  Operator A3: measurements taken across Devon (3G) 
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Figure 17 shows the difference between CRFS measurements and MNO predictions. Here 
there is a balance between pessimistic predictions (coloured orange and yellow) and 
optimistic predictions (coloured red, blue and black). There seems to be a lot of variance from 
the predicted values in both directions with little apparent pattern to the variation. This could 
be because predicting 3G signal propagation in dense urban environments with any accuracy 
is difficult. 

 

Figure 17  Operator A3: a comparison of measurements with signal strength 
predictions (3G) 
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Operator B3 
Statistical analysis of signal strength comparison 

Figure 18 shows a histogram of the fraction of all measurements for Operator B3 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. The plot peaks at around −3dB, and has considerable variation about that point. 
Measurements were therefore marginally lower than predicted values, with significantly more 
than half of the measurements being lower than the predicted values.  
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Figure 18  Operator B3: statistical comparison of CRFS measurements with signal 
strength predictions (3G) 
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Maps of signal strength comparison 

Figure 19 shows the measurements of 3G coverage for Operator B3 across Devon. 
Generally, the signal strength measured is strong in urban areas and along the major inter-
urban routes. Relatively strong coverage of rural areas is also visible; not-spots, although 
present, are less frequent than for most of the other operators. 

 

Figure 19  Operator B3: measurements taken across Devon (3G) 
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Figure 20 shows the difference between CRFS measurements and MNO predictions. Here 
there is a predominance of optimistic predictions (coloured red, blue and black) over 
pessimistic predictions (coloured orange and yellow). This is interesting when compared with 
Figure 19, in that the coverage shown there is strong in urban areas and along inter-urban 
routes. It is just that the MNO predictions are that it will be even stronger. There seems to be 
a lot of variance from the predicted values in both directions with little apparent pattern to the 
variation.  

 

Figure 20  Operator B3: a comparison of measurements with signal strength 
predictions (3G) 
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Operator C3 
Statistical analysis of signal strength comparison 

Figure 21 shows a histogram of the fraction of all measurements for Operator C3 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. The plot is centred on 0dB which implies an overall match, but has considerable 
variation about that point. 
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Figure 21  Operator C3: statistical comparison of CRFS measurements with signal 
strength predictions (3G) 
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Maps of signal strength comparison 

Figure 22 shows the measurements of 3G coverage for Operator C3 across Devon. The 
signal strength measured in urban areas is generally strong and similar coverage is seen 
along the major inter-urban routes. Relatively strong coverage of rural areas is also visible; 
not-spots, although present, are less frequent than for most of the other operators. 

 

Figure 22  Operator C3: measurements taken across Devon (3G) 
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Figure 23 shows a comparison of the CRFS measurements and MNO predictions. There 
seems to be a lot of variance from the predicted values in both directions with little apparent 
pattern to the variation. 

 

Figure 23  Operator C3: a comparison of measurements with signal strength 
predictions (3G) 
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Operator D3 
Statistical analysis of signal strength comparison 

Figure 24 shows a histogram of the fraction of all measurements for Operator D3 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. The plot peaks at +3dB, and has considerable variation about that point with a 
bias towards being higher. Measurements were therefore consistently higher than predicted 
values, with in excess of 75% of the measurements being higher than the predicted values. 
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Figure 24  Operator D3: statistical comparison of CRFS measurements with signal 
strength predictions (3G) 
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Maps of signal strength comparison 

Figure 25 shows the measurements of 3G coverage by Operator D3. It shows strong 
coverage in the major conurbations with marginal coverage further out, fading into not-spots 
and no-coverage. Signal readings in the rural centre of the county were sparse. 

 

Figure 25  Operator D3: measurements taken across Devon (3G) 
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Figure 26 shows a comparison of CRFS measurements and MNO predictions. There seems 
to be a lot of variance from the predicted values in both directions with little apparent pattern 
to the variation.  

 

Figure 26  Operator D3: a comparison of measurements with signal strength 
predictions (3G) 
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Operator E3 
Statistical analysis of signal strength comparison 

Figure 27 shows a histogram of the fraction of all measurements for Operator E3 versus the 
power level predicted in the data the operator provided (measured power minus predicted 
power) in dB. The plot peaks at +2dB, and has wide variation about that point. Measurements 
were therefore marginally higher than predicted values, but nearly half the measured values 
were lower than the predictions. 
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Figure 27  Operator E3: statistical comparison of CRFS measurements with signal 
strength predictions (3G) 
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Maps of signal strength comparison 

Figure 28 shows the 3G coverage measured in Devon for Operator E3. It shows that 3G 
coverage is rather sparse, being restricted to the major conurbations. Within these 
conurbations, good signal strength seems to be available in the centre areas with marginal 
coverage becoming more prevalent further from the centres. Still further from the urban 
centres, signal levels below the not-spot and no-coverage thresholds are detected before the 
modem fails to find any signal throughout most of rural Devon. 

 

Figure 28  Operator E3: measurements taken across Devon (3G) 
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Figure 29 shows a comparison of CRFS measurements and MNO predictions. The readings 
Operator E3 provided had a particular floor value which the operator stated to be no-coverage 
and readings with this value were omitted from the map for clarity. There seems to be a lot of 
variance from the predicted values in both directions with little apparent pattern to the 
variation.  

 

Figure 29  Operator E3: a comparison of measurements with signal strength 
predictions (3G) 

3.3 Assessment of MNO prediction versus measurements 
As would be expected, 2G coverage of Devon is fairly widespread with relatively few not-
spots. All the 2G operators have widespread coverage. 3G coverage is both much lower in 
terms of actual area covered and there is also a greater variability between the measured 
coverage and the MNO coverage predictions. All the operators offer good coverage in the 
major conurbations. However, from our measurements we conclude that only two of the 
operators (B3 and C3) seem to have made a significant attempt to cover the major inter-urban 
routes. 
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In terms of matching predictions, operator predictions of coverage are generally conservative 
or reasonably accurate and correlate fairly well with our measurements. In no case did an 
operator provide predictions that overstated its 2G coverage in broad terms although there 
were individual instances where this occurred. There was more variability in the comparison 
of 3G predictions, with two of the operators generally being optimistic in their predictions for 
3G signal levels (although not by a large margin), one operator showing an overall accurate 
prediction and two operators being slightly pessimistic in their predictions. A strong feature of 
all the measurements is that there is a high degree of variability around the mean, with the 
variability being more pronounced for 3G measurements than for 2G. Table 4 shows the 
mean difference between the power measured and the operators’ predictions and also the 
standard deviation of the readings from the mean. 

Table 4 A summary of CRFS measurements versus operator predictions 

  (Measured − Predicted) power (dB) 

 MNO Mean Standard deviation 

2G 

A2 9.2 7.8 

B2 13.7 9.5 

C2 9.0 11.2 

3G 

A3 −1.0 13.1 

B3 −6.3 14.5 

C3 −0.3 14.0 

D3 3.7 14.1 

E3 0.5 14.9 
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4 Identification of not-s pots  
For each operator, there are two types of not-spot: 

• a not-spot for 2G coverage 

• a not-spot for 3G coverage 

Beyond the situation for single operators, it is interesting to explore the availability of service 
from groups of operators: 

• total 2G not-spots – areas where no 2G signal is strong enough to provide service 

• total 3G not-spots – areas where no 3G signal is strong enough to provide service 

Beyond, operator not-spots and total not-spots, we are also interested in examining both 
partial not-spots (where fewer than four operators can be seen) and areas where all the 
operators can be seen: 

• single operator areas where only one operator can be seen on 2G 

• single operator areas where only one operator can be seen on 3G 

• double operator areas where only two operators can be seen on 2G 

• double operator areas where only two operators can be seen on 3G 

• triple operator areas where only three operators can be seen on 3G 

• four operator areas where only four operators can be seen on 3G 

• comprehensively covered areas where all three 2G operators can be seen. 

• comprehensively covered areas where all five 3G operators can be seen. 

This chapter looks at each of these issues in turn. 

It is worth noting that the method by which we identify not-spots differs between 2G and 3G 
networks. The 2G signals are measured by using a spectrum analyser and directly measure 
the power of the signals within set frequency ranges. The spread nature of the CDMA 
technology on which 3G technology is based makes the same approach impossible for 3G. 
Instead, we used a Telit 3G modem that decodes the signal and calculates the signal strength 
of the spread signal. The modem scans for signals and records the signals it can receive in 
descending order of signal strength. However, if it receives no signal it pauses and tries again 
without recording the fact that no signal was detected. Therefore, we only have records of 
signal strength for points at which at least one operator was visible. The extent of 3G not-
spots is therefore greater than the areas shown. 

4.1 Operator not-spots: 2G 
This section focuses on the not-spots of individual operators as measured during our 
measurement campaign. For this and subsequent discussions, we use the term not-spot to 
include measurements that fall into the power level of not-spot, no-coverage and no-signal 
(i.e. any measurement where the signal strength is too low to reliably provide service). 
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Operator A2: 2G not-spots 
Figure 30 shows the 2G not-spots identified for Operator A2. There seem to be no not-spots 
around the major conurbations and very few along the east coast area. More rural and remote 
areas do have some not-spots, the worst being between Chagford and Bovey Tracey and 
also to the west of Hatherleigh. 

 

Figure 30  Operator A2: 2G not-spots 
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Operator B2: 2G not-spots 
Figure 31 shows the 2G not-spots identified for Operator B2. Again, there is good coverage in 
the urban areas and few not-spots along the east coast area, but particular coverage 
problems in the area between Bovey Tracey and Chagford. 

 

Figure 31  Operator B2: 2G not-spots 
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Operator C2: 2G not-spots 
Figure 32 shows the 2G not-spots measured for Operator C2. As for Operators A2 and B2, 
there is good coverage in the urban areas and few not-spots along the east coast area, but 
particular coverage problems in the area between Bovey Tracey and Chagford. 

 

Figure 32  Operator C2: 2G not-spots 

4.2 Operator not-spots: 3G 
The plots in this section show individual MNO not-spots (in blue and black, plotting received 
power level), and also other points where the modem detected at least one other MNO’s 3G 
signal, but not the operator in question (so-called ‘no-signal’ points, shown in pink for clarity). 
In order to avoid presenting a misleading picture, the points of good coverage for the given 
operator have also been plotted. If this is not done, the ‘no-signal’ points tend to dominate the 
picture. 

The points are plotted in order of decreasing power, so that weaker points (i.e. not-spots) 
appear over good points. The pink ‘no-signal’ points are plotted before any other points, and 
these will be obscured by any measurement points for the operator in question. 
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To summarise, green and red represent areas of good/adequate coverage, blue and black 
points represent measured not-spots, and pink points mean that none of the operators 
channels could be measured at that point, even though at least one other operator’s channel 
could be. 

Operator A3: 3G not-spots 
Figure 33 shows the prevalence of no-signal areas highlighted in pink. These are extensive in 
the middle of the county and to the west. Closer to the urban areas with strong coverage, 
signals are detected but no-coverage and not-spots predominate over no-signal. Of the 
measurements taken for Operator A3, just under two-thirds (65.7%) fell into one of the 
categories of not-spot, no-coverage or no-signal. 

 

Figure 33  Operator A3: 3G not-spots 
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Operator B3: 3G not-spots 
Figure 34 shows the no-signal, no-coverage and not-spot measurements for operator B3 in 
pink, black and blue respectively. The extent of areas of no-signal is relatively low compared 
with some other operators, but there seems to be a higher proportion of readings that fall into 
the no-coverage and not-spot categories. Of the measurements taken for Operator B3, just 
under two-thirds (65.3%) fell into one of the categories of not-spot, no-coverage or no-signal. 

 

Figure 34  Operator B3: 3G not-spots 
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Operator C3: 3G not-spots 
Figure 35 shows the no-signal, no-coverage and not-spot measurements for operator B3 in 
pink, black and blue respectively. The extent of areas of no-signal is relatively low compared 
with some other operators, but there seems to be a higher proportion of readings that fall into 
the no-coverage and not-spot categories. Of the measurements taken for Operator C3, just 
under two-thirds (65.3%) fell into one of the categories of not-spot, no-coverage or no-signal. 

 

Figure 35  Operator C3: 3G not-spots 
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Operator D3: 3G not-spots 
Figure 36 shows a very strong prevalence of 3G no-signal measurements (in pink) throughout 
most of rural Devon. There are not-spots and areas of no-coverage around the urban centres. 
Of the measurements taken for Operator D3 more than four-fifths (81.2%) fell into one of the 
categories of not-spot, no-coverage or no-signal. 

 

Figure 36  Operator D3: 3G not-spots 
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Operator E3: 3G not-spots 
Figure 37 shows a very strong prevalence of 3G no-signal measurements (in pink) throughout 
most of rural Devon. Again, there are not-spots and areas of no-coverage around the urban 
centres. Of the measurements taken for Operator E3, more than three-quarters (77.5%) fell 
into one of the categories of not-spot, no-coverage or no-signal. 

 

Figure 37  Operator E3: 3G not-spots 

4.3 Total not-spots 
For residents of Devon and those who frequent parts of the county, the greatest concern is 
identifying areas which are total not-spots, i.e. areas where no serviceable signal can be 
picked up from any operator. This section looks at the areas where no 2G signal can be 
received and no 3G signal can be received. There is no location where we measured a 3G 
signal where a 2G signal was not also available. Therefore, a map corresponding to not-spots 
where neither 2G nor 3G signal was available would be identical to a map of 2G not-spots. 



Mobile “Not-Spot” Measurement Campaign – Final Report 

  45 

Total 2G not-spots 
Figure 38 shows that total 2G not-spots are not common in Devon. Where they do exist, the 
area tends not to be large. The most extensive areas are to the west of Dartmoor, which is 
where all three of the 2G operators show reasonably extensive not-spots.  

 

Figure 38  Total 2G not-spots 
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Total 3G not-spots 
Figure 39 shows the prevalence of 3G not-spots. The patchy nature of the map is a feature of 
the way in which the Telit modem records its measurements. It scans for signals and records 
the signals it can receive in descending order of signal strength. However, if it receives no 
signal it pauses and tries again without recording the fact that no signal was detected. 
Therefore, we only have records of signal strength for points at which at least one operator 
was visible. The extent of 3G not-spots are therefore greater than the areas shown. 

 

Figure 39  Total 3G not-spots 
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4.4 Partial not-spots 
Partial not-spots are areas that have coverage but from fewer than the full complement of 
licensed operators (so fewer than three 2G operators, or fewer than five 3G operators). This 
section looks at the parts of Devon served by only one or two 2G operators and one, two, 
three or four 3G operators. 

Single operator areas, where only one operator can be seen on 2G 
Figure 40 shows, in red, points where only one 2G operator had sufficient power for 
coverage.  

 

Figure 40  Single operator areas: 2G 
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Single operator areas, where only one operator can be seen on 3G 
Figure 41 shows the points where only one 3G operator had sufficient power for coverage.  

 

Figure 41  Single operator areas: 3G 
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Double operator areas, where only two operators can be seen on 2G 
Figure 42 shows where only two 2G operators had sufficient power for coverage.  

 

Figure 42  Double operator areas: 2G 
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Double operator areas, where only two operators can be seen on 3G 
Figure 43 shows where only two 3G operators had sufficient power for coverage.  

 

Figure 43  Double operator areas: 3G 
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Triple operator areas, where only three operators can be seen on 3G 
Figure 44 shows where three 3G operators had sufficient power for coverage.  

 

Figure 44  Triple operator areas: 3G 
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Areas where only four operators can be seen on 3G 
Figure 45 shows where four 3G operators had sufficient power for coverage.  

 

Figure 45  Four-operator areas: 3G 

4.5 Comprehensively served areas 
Customers living in areas with serviceable signal from all the available operators are the 
greatest beneficiaries from the competitive mobile sector that operates in the UK. This section 
looks at the prevalence of such areas in Devon. As will become clear, the situation is radically 
different between 2G, where comprehensively served areas are widespread, and 3G, where 
comprehensively served areas are sparse even in the dense urban areas and almost non-
existent away from the urban areas. 
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Areas served by all operators: 2G 
Figure 46 shows the areas served by all three 2G operators. Instead of just showing the areas 
in a single colour as done previously, the power of the weakest operator at each point is 
plotted. This allows a distinction to be made between areas that have strong signals from all 
operators (yellow and green) and areas where the service from one or more operators is 
more borderline (red). 

 

Figure 46  Comprehensively served areas: 2G 
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Areas served by all operators: 3G 
Figure 47 shows the areas served by all five 3G operators. For clarity, the 3G plot uses red 
points. 

 

Figure 47  Comprehensively served areas: 3G 
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4.6  Ranking of operators’ overall coverage in Devon 
Table 5 summarises the performance of the operators against availability of service. As it 
shows, there is a great similarity in the level of service among the 2G operators as far as 
service availability is concerned. The striking feature of this table is the variability of the 3G 
service availability with three operators (A3, B3 and C3) having higher availability than the 
other two (D3 and E3). 

Table 5  Proportion of Devon readings above the not-spot threshold  

 MNO % readings which detected 
power levels likely to provide 

a telephone service 

2G 

A2 96.7% 

B2 96.2% 

C2 96.6% 

3G 

A3 34.3% 

B3 34.7% 

C3 34.7% 

D3 18.8% 

E3 22.5% 

 



Mobile “Not-Spot” Measurement Campaign – Final Report 

  56 

5 Major route coverage 
In addition to the measurement programme carried out in Devon, Ofcom asked CRFS to look 
at the coverage on some of the major routes in the UK to see how the coverage of these 
routes matched operator claims. CRFS did carry out some motorway and major route 
measurements during the course of the Devon measurement campaign and the results of 
these measurements are presented in this chapter. 

5.1  2G major route coverage 
The extent of 2G coverage on the UK’s major routes should be good. GSM networks have 
been rolled out since the mid 1990s and we would expect the investment in 2G infrastructure 
along most major routes to be virtually complete. The following plots show that the general 
level of 2G coverage along the major routes is good. 

Operator A2: major route coverage (2G) 
Figure 48 shows how the 2G coverage from Operator A2 along the M4 and M25 as well as 
the M5 is consistently good, with signal levels showing good coverage (yellow/green) with no 
instances of poor coverage and no evidence of not-spots. 

 

Figure 48 Operator A2: coverage on major routes in the South of England (2G) 
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Figure 49 shows Operator A2’s coverage of the Midlands and the North of England. There is 
generally good coverage throughout, although there are one or two places along the A11 
where the red readings show poorer coverage. 

 

Figure 49 Operator A2: coverage on major routes in the Midlands and the North of 
England (2G) 
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Operator B2: major route coverage (2G) 
Figure 50 shows how the 2G coverage from Operator B2 along the M4 and M25 as well as 
the M5 is consistently good with signal levels consistently showing good coverage 
(yellow/green) with no instances of poor coverage and no evidence of not-spots. 

 

Figure 50 Operator B2: coverage on major routes in the South of England (2G) 
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Figure 51 shows Operator B2’s coverage of the Midlands and the North of England. There is 
generally good coverage throughout, although there are one or two places along the A11 
where the red readings show poorer coverage. 

 

Figure 51 Operator B2: coverage on major routes in the Midlands and the North of 
England (2G) 
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Operator C2: major route coverage (2G) 
Figure 52 shows how the 2G coverage from Operator C2 along the M4 and M25 as well as 
the M5 is consistently good with signal levels consistently showing good coverage 
(yellow/green) with no instances of poor coverage and no evidence of not-spots. 

 

Figure 52 Operator C2: coverage on major routes in the South of England (2G) 

 



Mobile “Not-Spot” Measurement Campaign – Final Report 

  61 

Similarly, as shown in Figure 53, the main route coverage in the Midlands and the North of 
England is consistently good. 

 

Figure 53 Operator C2: coverage on major routes in the Midlands and the North of 
England (2G) 
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5.2  3G major route coverage 
3G roll-out is ongoing for all operators and the range of 3G base stations tends to be lower 
than 2G base stations. We would therefore expect 3G coverage of the major road routes to 
be patchier than for 2G. This section shows that assumption to be borne out by our 
measurements. 

Operator A3: major route coverage (3G) 
Figure 54 shows the 3G coverage of major routes for Operator A3. Apart from significant 
stretches of the A11 to Norwich, a signal can be read throughout, although there are some 
not-spots (shown in blue and black) on the south and east of the M25, along the M11, north of 
Ripon and south of Glasgow. 

 

Figure 54  Operator A3: coverage of major routes (3G) 



Mobile “Not-Spot” Measurement Campaign – Final Report 

  63 

Operator B3: major route coverage (3G) 
Figure 55 shows the 3G coverage of major routes for Operator B3. Again, some signal is 
seen everywhere except for some short stretches along the A11. Similar to Operator B3, 
there are not-spots of significance on the south and east of the M25 and on the M11 and A14. 

 

Figure 55 Operator B3: coverage of major routes (3G) 
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Operator C3: major route coverage (3G) 
Figure 56 shows 3G coverage of major routes for Operator C3. Again, some signal is seen 
everywhere except for some short stretches along the A11. Similarly, there are not-spots of 
significance on the south and east of the M25 and on the M11 and A14. 

 

Figure 56  Operator C3: coverage of major routes (3G) 
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Operator D3: major route coverage (3G) 
Figure 57 shows 3G coverage of major routes for Operator D3. There are significant areas 
where no signal is detected. There are not-spots of significance on the south and east of the 
M25 and on the M11, A14 and A1. 

 

Figure 57  Operator D3: coverage of major routes (3G) 
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Operator E3: major route coverage (3G) 
Figure 58 shows 3G coverage of major routes for Operator E3. There are a number of areas 
where no 3G signal was detected, including almost the whole of the A11, some of the M4 
south of Oxford, sections of the southern and eastern parts of the M25, and a significant 
stretch of the M6 south of Carlisle. There is also evidence of significant not-spots either side 
of Ripon on the A1, on the A1 to the west of Lincoln and on the M11 and A14. 

 

Figure 58  Operator E3: coverage of major routes (3G) 

5.3  Ranking of operators’ overall coverage and signal 
strength on major routes 

Table 6 summarises the performance of the operators against availability of service. As it 
shows, there is a great similarity in the level of service among the 2G operators as far as 
service availability is concerned. The striking feature of this table is the variability of the 3G 
service availability, with three operators (A3, B3 and C3) having higher availability than the 
other two (D3 and E3). 
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Table 6  Proportion of major route readings above the not-spot threshold  

 MNO % readings where detected 
power levels likely to provide 

a telephone service 

2G 

A2 99.82% 

B2 99.86% 

C2 99.32% 

3G 

A3 36.06% 

B3 36.09% 

C3 38.00% 

D3 27.60% 

E3 27.20% 

 

We conclude from this that customers seeking to make voice calls on major routes are 
unlikely to experience problems because of a lack of coverage (although there are some not-
spots).5

                                                      
5  Note that where the 3G network is being used for calls, any gaps in coverage can be covered by the 2G 

network.  

 Problems can arise with issues of capacity when traffic hold-ups cause unusually 
large numbers of motorists to use phones and other mobile devices. These are problems of 
capacity rather than coverage. 
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