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Engineering literature in laboratory conditions has
shown that building materials can attenuate mobile
phone signal

E.G. ComReg, 2018; Rodriguez et.al, 2014; Lu et al.,
2023; Haneada et al., 2016;

Likely to worsen over time (5G rollout, more energy

\ efficient homes, growth in mobile data usage) /

Research Motivation \

r

.

Research Question

Are consumers who live in highly energy efficient buildings
more likely to experience an in-home mobile signal quality
of service issue?
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Data Sources

1. Building Energy Ratings (BER’s): Proxy for energy efficiency of building materials
2. Mobile Consumer Experience Survey (MCE): Mobile signal issues, Respondent demographics
3. Outdoor Mobile Coverage Map: Mobile signal quality provided at each Eircode

4. National Broadband Plan (NBP) Map: Proxy for availability of fixed line coverage

Linked together using Eircodes, and CSO Small Areas



Building Energy Rating (BER)
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e Score between 450-0 converted to a 15-point scale
e Collected by Sustainable Energy Authority Ireland at a Small Area level

* Non-random selection into the BER database- conducted when house sold or
upgraded but average 48.6 BER observations per small area

* We use BER’s to proxy building materials that attenuate signal

* Not a perfect proxy-140 characteristics go into a BER, only some attenuate
signal

* From Engineering Literature: Foil backed insulation and metal frame
windows are the largest concern - likely only occur in A/B homes

* Key variable: Proportion of B2 or higher ratings per Small Area

* Input: Building Materials Proxy

Building Energy Rating (BER)

BER for the building detailed below is: Cc2

Address Street Name One, Street Name Two,

Vs Mot One. T Madd Tasor The Building Energy Rating (BER) is an indication of
County Name One, County Name Two. the energy performance of this dwelling. It covers
energy use for space heating, water heating,
ventilation and lighting, calculated on the basis of
standard y. It is exp d as primary
BER Number JO0OOKNNK energy use per unit floor area per year (kWh/m2/yr).
Date of Issue Day Month Year

Valid Until Day Month Year

BER Assessor Number  JOOO(XX
Assessor Company No  X0OOGKKX

‘A’ rated properties are the most energy efficient
and will tend to have the lowest energy bills.

Building Energy Rating
kWh/m2/yr
MOST EFFICIENT

Cc1

Carbon Dioxide (CO,)
Emissions Indicator

kgCO,/m2/yr

BEST

0
Calculated
annual CO;

emissions

37.76 kgCO, Im'lyr

198.69 KWhim?lyr

>175 c2)

>200 c3)
>225 D1

>260 oz>
>300

2

LEAST EFFICIENT

The less CO;, produced,
the less the dwelling
contributes to global
warming.

IMPORTANT: This BER is calculated on the basis of data provided to and by the BER Assessor, and using
the version of the assessment software guoted below. A future BER assigned to this dweling may be different,
as a result of changes to the dwelling or to the assessment software.

DEAP Version: XXX
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Mobile Consumer Experience (MCE) 2022 ‘\Q  Esscmns

e Collected by Com Reg in Q2 2022 Population per km~2 C T .
Sample 1 (100+) e

. I Sample 2 (50 - 100)
e Sample split across 5 areas from most dense to least dense areas m 5a$;23(25-50)

of the country 1 Sample 4 (10 - 25)
Sample 5 (0 - 10)

* Weighted towards more rural areas to focus on coverage

e Covers 2991 households, cleaned to 2728

* Collects demographics, operator, mobile model, issues

e Collects Eircodes

* Inputs: Indoor coverage issues, Demographics



Outdoor Mobile Coverage Map
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* The ComReg coverage map provides estimates on
outdoor mobile coverage for each operator and
technology

e Linked with the MCE at an Eircode level
e Covers 2G, 3G, 4G, 5G, although we exclude 3G

* From the MCE we know operator, allowing us to
link respondent’s network operator coverage to
their address

e 5scores: Very Good, Good, Fair, Fringe, No
Coverage

 We assume a linear coverage relationship

* Input: Outdoor Coverage

Dockland Central, 1 Guild St, North \ E

Service Provider

Eir WV
Technology
2G 3G 4G
Legend
Very ' Good Fair Frir'\ge No
Good Coverage

Address: Dockland Central, 1 Guild St, North
Wall, Dublin, D01 E4X0, Ireland

Outdoor coverage in your area for Eir is Very
Good

Coverage updates when you change Service
Provider/Technology and select address

ComReg requested data by 29 Jan 2024

ALL COVERAGE AT THIS LOCATION

COMPARISON TOOL

Frequently Asked Questions
@ Queries about this map?




Fixed Line Coverage
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Fixed Line Coverage (ie. Wifi) can be a
substituted for mobile coverage

Note this excludes mobile broadband (MBB)
which makes up 18.8% of broadband
subscriptions which will still be impacted

NBP intervention zones split the country into
areas where high-speed broadband is
commercially viable, or not

We use NBP maps (Q2 2022) to proxy high-speed
broadband availability captured as the
percentage of addresses per Small Area which
are in Excluded Area regions

10



Descriptive Statistics
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Outcome: Issues

“Thinking about your mobile phone experience over the past month, have you experienced a loss of signal (or
no/poor coverage) when using the following services?

If yes then we asked:
“How often did you experience a loss of signal in each of these locations?”
* This allows us to get at specific in-home signal issues, rather than general signal issues

* We know from previous research consumers have trouble recalling specific details related to telecoms, so we coded
any frequency of issue as having an issue

* Coded as a binary dummy (0 if no in-home issue, 1 if issue in-home)

* Only asking if they have an issue-not if they’ve done anything about it!

30.7% of our sample (weighted) report experiencing an in-home QoS issue

12
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BER Ratings

* Low number of A ratings

e 10.18% of ratings over a B2 (level required for
retrofit grants)

Very Good 67.16% 26.95% 48.69%
Outdoor Mobile Coverage
Good 27.37% 44.41% 20.24%
Coverage based on own network operator split by
2G, 4G, and 5G Fair 5.23% 23.9% 7.5%
1 [0)
Everyone has some level of 2G coverage, just 0.27% Fringe 0.22% 4.48% 2 13%

with no 4G

5G coverage is almost dichotomous No Coverage 0% 0.27% 21.44%

13



Empirical Results
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Empirical Specification

Model
* Dependent Variable: Dummy variable for in-home mobile quality of service issue (MCE)

* Main independent variable: Proportion of B2 or higher rated BER’s per small area (BER)
e Outdoor Mobile Coverage: 2G, 4G, 5G coverage levels for own operator (Outdoor Coverage Map)
* Demographic Variables: Urban/Rural Status, Age, Employment Status, Education (MCE)

* Fixed Coverage: Proportion of homes in intervention zone per small area (NBP map)

tssue; g4 — o + B ERga + Y Rural;
F AMobileCoverage; + TFizedCoveragesa

- ol nd; + 0MobileDevice; + ¢; g4
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Empirical Results-Detailed Model

Variable A e Being in a small area with all B2 or higher

ratings is associated with an increase of

9 kK%
BER Rating BER B2 0.3331 33.31% in reported issues, compared to an
2G _0.0447* - area with no B2 or higher ratings
-0.0508** ‘
Coverage 4G \ Both 2G and 4G both associated with
5G -0.0113 reduced reported issues
Urban/Rural 0.0385
. _ * % % ‘
Fixed Coverage 0.0022 Being over 65 is associated with reduced
Over 65 0.1343%%* V reported issues
31 Level Base
Education 2nd Level -0.0112
Primary/No Formal 0.0862 _ . _ _ _
Being retired/unemployed is associated with
Employed Base increased reported issues. No other
Employment Status  Student 0.0304 education or employment category is
significant.

Retired/Unemployed 0.0858** f

16
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Living in Small Areas characterised by higher proportions of energy
efficient homes, significantly increases the probability of
individuals reporting that they had experience an in-home quality
\_ of signal issue. )

- ~

Imperfect measure of building materials:

1. BER’s are only a proxy for signal attenuating building materials
2. BER is measured at a small area, not individual level

3. The BER system is not a random sample within small areas

There could be unobserved variables which jointly determine both
reports of mobile signal issues and living in areas characterised by
highly energy efficient homes.

Qnobserved ‘masking’ such as mobile repeaters /

17
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Building Materials

and their effect on indoor mobile performance

Just ten years ago, we
used our mobile phones
mainly to make and
receive calls and text
messages.

But at the same time,
we have been building
more energy efficient
houses, or converting
our homes to make
them more energy
efficient.

ComReg, has conducted
tests on different
construction materials
to determine their
effect on mobile phone
signals.

The results showed that
energy efficient
insulation materials can
have a significant effect
on making or receiving
calls within your home.

One solution to poor indoor
reception is to install a mobile

phone repeater. These

devices pick up mobile signals

and amplify them indoors.

While these devices work on

all mobile phones and
operator networks, only

compliant devices are legal to

use in Ireland,

=

b d

s Regulation

These days, they have many more uses such as...

B|m

online social
banking media

Improved building
materials are great at
keeping out the cold.
But they can also block
mobile phone signals
from entering the
home.

A second solution is
known as Native Wi-Fi

- this works by your smart
phone connecting to your
mobile operator’s network
through your Wi-Fi
connection without the
need for using apps to
make and receive calls
and texts.

n

streaming watching
music video

Materials containing
metal - such as
foil-backed insulation
or windows with metal
frames have the
biggest loss of mobile
phone signal entering
or leaving the home
(up to 1 million times
reduction in signal).

Blocks and roof tiles
were found to have a
minor reduction of
signal power received
in the home

(up to 200 times).

.Ej
L.!'

Policy Implications
ComReg has permitted the use of some Mobile Phone Repeaters

Substitution towards Fixed Line (ie. WiFi), enabling WiFi calling
on mobile devices

Re-allocation of lower spectrum bands across Europe (ie.
700MHz) which are less attenuated by materials. E.G. MBSA2 in
Ireland

Building regulations with signal attenuation characteristics?

This may apply to all buildings (not just residential)

Could be an issue going forward (5G rollout, more energy
efficient homes, growth in mobile data usage)

Alignment of climate change mitigation policy and
telecommunication policy will be key.

18
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(1) (2) (%) (1) %
B2 Share 0AD27***  0.327H* %5 Y R 031154 Any Home Signal Issues
(0.1101) (0.1053) (0.1029) (0.0997) Na 0.69
Repion: Urban (10000 L0000 00000 L0000 Yo 051
[j {] |:,'| {] 2G Operator Coverage
Region: Rural (L0sA0**+* (LO3TH (0385 (L0506 None/Fringe/Fair 0.05
(0.0288) (0L.0317) (0.0315) (0L0309) Good 0.27
. Very Good 0.67
20 Mobile Coverage 00513 -0.0479* 0447 -0.0446* .
I:I:l.ﬂ:’.?ﬁ:] I:ﬂ.nﬂ??_:l {n.ﬂ:’.ﬁﬁn] I:ﬂ.[].?f:i'.}_:l 4G Operator Coverage
A0 Mobile Coverage -0.0520** -0.0516%* -0.0508** -0 AT3* None/Fringe 0.05
(0.0206) (0.0207) (n.n0z201) (L0197 Fair 0.24
50 Mobile Coverage (.05 0.0136* 00113 00112 Good 0.45
(0.0082) (0.0080) {0.0079) (LOOTR) Very Good 0.27
Fixed Coverage -0.0021%** 000224 00022+

(0.0005)  (0.0005)  (0.0005) 5G Operator Coverage

None/Fringe 0.23
Ape: Under 65 (1.0000 (L0000 Fair 0.07
3 () Good 0.20
Agpe: 654 LU B % K VI 11 s Very Good 0.49
(0.0355) (0.0351) - :
Employment Status: Employed (0.0000 (L0000 Mobile Device
I:_:l f_] No 5G 0.47
Employment Status: Student 0.0304 00074 r’(’ E_‘mblm 0.18
{H.ﬂﬂ-] 2:] I:ﬂ'.l':lﬁ I?_:I Missing 0.35
Employment Status: (ther N.NRER** NORTH=* Wi-Fi Calling
{n-ﬂﬁﬁﬂj |:ﬂ|:|3._’:| L) Never/Don’t Know 0.31
Faducation: High (10000 (L OO0 Less than Weekly 0.07
() () More than Weekly 0.62
Education: Mediam 00112 0.0031
{0.0300) (0.0299) Age
FEducation: Low N.NS6E2 01109 Under 65 0.81
(0.0717) (0,070 65+ 0.19
Mobile Device: No 503 (L0000 Regional Classification
() Urban 0.66
Mobile Device: 50 Enabled -0.0T00* Rural 0.31
I:ﬂ.[]-'lm_:l Education Status
Mobile Device: Missing -0.0163 High 0.52
(ﬂ' 03 Iﬂ.:' Medium 0.43
Wili-Calling: Never/Don’t Know ﬂ[{]l.']]m Low 0.06
Wili-Calling: Less then Weekly 01132 Labour Market Status
(ﬂ_[].’i._’jﬁ} Employed 0.64
Wihi-Calling: More than Weekly 01135+ Student 0.05

------ Other 0.31 20
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