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Disclaimer

This document is an Information Notice. Whilst all reasonable efforts have been made to
ensure that it and its associated documents contents are as complete, up-to-date and
accurate as possible, the Commission for Communications Regulation (“the Commission”
or “ComReg”) does not make any representation or give any warranties, express or
implied, in any of these respects, nor does it accept any responsibility for any loss,
consequential loss or damage of any kind that may be claimed by any party in connection
with this document or its contents, or in connection with any other information or document
associated with this document, and the Commission expressly disclaims any liability in
these respects.

Furthermore, the Commission does not make any representation or give any warranties,
express or implied regarding the use of any of the information contained herein by any
third parties, nor does it accept any responsibility for any loss, consequential loss or
damage of any kind that may be claimed by any party in connection with the use of this
document or its associated documents by third parties and the Commission expressly
disclaims any liability in these respects.
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1 Introduction and background

1. This document presents a summary of the results of the Commission for
Communications Regulation’s (“ComReg”) Drive Testing Programme carried out
between 29 November 2022 and 26 January 2023 by its contractor Advanced
Wireless Technologies Group Limited (“AWTG”) (“Drive Test”).

2. The objective of the Drive Test is to assess each Mobile Network Operator’s (“MNQO”)
compliance with its coverage licence conditions across the 800 MHz, 900 MHz, 1800
MHz and 2100 MHz frequency bands'? as measured on the Drive Test route.

3. The MNOs are:
e Three Ireland Hutchison Limited (“3IHL")34;
e Eircom Limited (“Eir”)°; and
e Vodafone Ireland Limited (“Vodafone”).

4. The Drive Test does not assess an end user’s quality of experience.

1 For the time-period of this Drive Test, the following licences related to the use of spectrum rights of use
in 800 MHz, 900 MHz, 1800 MHz and 2100 MHz bands:

o for “liberalised” rights of use in the 800 MHz, 900 MHz and 1800 MHz bands (“Liberalised Use
Licence” or “LUL”"): the Wireless Telegraphy (Liberalised Use and Preparatory Licences in the
800 MHz, 900 MHz and 1800 MHz Bands) Regulations 2012 (S.I. 251 of 2012);

o for 3G rights of use in the 2100 MHz band (“TGL”): the Wireless Telegraphy (Third Generation
and GSM Licence) Regulations, 2002 and 2003;

o for liberalised rights of use in the 2100 MHz band (“LU 2.1GHZ"): the Wireless Telegraphy (Short-
Term Electronic Communications Services Licences) Regulations 2022 (S.l. No. 484 of 2022)
and the Wireless Telegraphy (Liberalised Use and Related Licences in the 700 MHz Duplex, 2.1
GHz, 2.3 GHz and 2.6 GHz Bands) Regulations 2021 (S.I. No. 264 of 2021) as amended.

2 Note, while coverage obligations in 2.1 GHz band only applies to Eir's TGL Licence, drive test results in
the 2.1 GHz band are provided for each MNQO’s network.

3 Noting that for the time-period of this Drive Test 3IHL held two sets of licences for “liberalised” rights of
use in the 800 MHz, 900 MHz and 1800 MHz bands. In this report, the original set of 3IHL licences
are referred to as “3IHL No. 1” and the former Three Ireland Services (Hutchison) Limited licences
are referred to as “3IHL No.2".

41n an e-mail of 17 September 2019, 3IHL confirmed to ComReg that, since the completion of its network
consolidation, all 3IHL Subscriber Identity Modules (“SIMs”) can use all of 3IHL’s assigned
frequencies.

5While Meteor is the licensee, it trades as Eir.
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1.1 Drive Tests

5.

The Drive Test route covers the full length of Ireland’s National Primary and
Secondary (N) road network, including all towns thereon and Motorway sections. The
route is approximately 5,500 km long.®

In this document, coverage on the Drive Test route is:

e assessed in terms of the received field strength measured, as defined in the
relevant licence conditions, while the route is driven; and

e contingent on the ability to place a call or to access services at the specific
location and time during the Drive Test using a standard handset.

Drive Test measurements are performed from a vehicle containing a computer-
controlled measuring system (“Benchmarking System”)’, which acts as a ‘handset’,
matching a European Telecommunications Standards Institute (‘ETSI”) standard
handset®. As such, the Benchmarking System is locked to each individual technology
in use by the licensee on the relevant frequency bands. It should be remembered that
the radio performance of many handsets differs at a location due to a variety of factors,
such as those outlined in section 1.2 below.

It is also important to recognise that the Drive Test represents a snapshot of the
measurements made on an MNO’s network, at the point in time during which the test
is conducted while the route is driven.

In addition to the Drive Test, ComReg has separately developed a nationwide outdoor
mobile coverage map?, which is generated using a standard propagation model and
data provided by the MNOs. The outdoor mobile coverage map also includes data for
the mobile virtual network operators (“MVNQOs”)10,

1.2 Factors Affecting End-User Experience

10.1t is not possible to fully account for the wide range of variables that can affect end-

user experience. In its licence conditions, ComReg sets minimum requirements for

6 See Appendix 2.
7This consists of the Nemo Invex Il benchmarking tool, connected to Samsung Galaxy S9 mobile

handsets and an FSR1 Multiband Scanner. Measurements are terminated at servers located in
Ireland.

8 3GPP TS 36.101
9 See here- https://coveragemap.comreg.ie/map
10 Service providers whose services are hosted by the MNOs. The MVNOs include: 48, GoMo,

Lycamobile, An Post mobile, Tesco Mobile, Clear Mobile and Virgin Media.
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mobile phone coverage, based on the relevant standards of European and
international bodies'!, assuming a certain level of handset performance and based on
outdoor use.

11.For a better understanding of the factors that currently affect end-user experience,

ComReg conducted research into the antenna performance of mobile handsets when
used for voice'? and data'® services. The results of ComReg’s research show a
notable difference in performance, depending on the service — either voice or data.
Importantly, the research illustrates that mobile handsets perform differently in areas
where coverage is weak.

12.ComReg also conducted research into the radio propagation characteristics of

common building materials to determine how such materials affect mobile handset
signals in-building (see Document 18/73%%). Among other things, it was found that
building materials containing metals, such as foil-backed thermal insulation or
windows with metallic frames, can have a significant detrimental effect on the
propagation of radio waves into a building.

13.A further factor affecting the end-user experience is the type of mobile technology

being used (2G (GSM), 3G (UMTS), 4G (LTE), 5G etc)). Mobile technologies, such as
LTE, which provide the user with higher data speeds, require higher signal levels to
operate than traditional voice services. All digital modulation schemes rely on a
minimum Signal to Noise Ratio (“SNR”)'> and the higher the data throughput, the
greater the SNR required.

11 For example, the 3GPP and ETSI standards for Users Equipment and Base Stations.

12ComReg Document 19/110 — Mobile Handset Performance (Voice), December 2019:
https://www.comreg.ie/publication/mobile-handset-performance-voice-2

13 ComReg Document 20/121 — Mobile Handset Performance (Data), December 2020:
https://www.comreg.ie/publication/mobile-handset-performance-data-3

14 ComReg Document 18/73 — The Effect of Building Materials on Indoor Mobile Performance, August
2018: https://www.comreg.ie/publication/the-effect-of-building-materials-on-indoor-maobile-
performance/

15 Signal to Noise Ratio is a generic engineering term and is the ratio of the wanted signal to the
unwanted signal.
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2 Presentation of Results

14.The following maps provide a graphical representation of the field strengths measured
during the Drive Test and are categorised by MNO, then the technology and frequency
used.
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2.1 Eir: Coverage Maps

Received Power[dBuV/m] [Time/s]
>=46
<46and >= 40
<40and >=34

1<34and>=28

<28and >= 22 149 0.03%
<22and>=16 171 0.03%
<16 0 0.00%

Figure 1: Eir — 900 MHz (2G (GSM))
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Received Power [dBuV/m] [Time/s]
>=50 471054 88.32%
<50and>=44 41638 7.81%
<44and >=38 14369 2.69%
<38and >= 32 4172 0.78%
<32and >=26
<26and >=20
<20and >= 14
<14

000gle. Temctse. Aaportaman:

Figure 2 :Eir — 900 MHz (3G (HSDPA/UMTYS))
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Received Power {dBuV/m} [Time/s]

| >=54 14284 32.77%
<54and >=48 4800 11.01%
<48and >=42 5851 13.43%
<42and >= 36 5633 12.92%
< 36and >= 30 4729 10.85%
<30and >=24 3763 8.63%

| <24and >=18 3028 6.95%
<18 1496 3.43%

Figure 3: Eir — 2100 MHz (3G (HSDPA/UMTS))
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Re

>=44
<44and >= 38
<38and >=32
<32and >= 26
< 26and >= 20
<20and >= 14
<14

328631 62.92%
89719 17.18%
60205 11.53%
31396 6.01%
9232 1.77%
2263 0.43%
871 0.17%

Figure 4: Eir — 800 MHz (4G (LTE))
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Received Power (dBuV/m) [Time/s]
>=50 158418 33.17%
<50and >= 44 56891 11.91%
<44and >= 38 63990 13.40%
<38and>=32 62218 13.03%
<32and >=26 54215 11.35%
<26and >= 20 38298 8.02%
<20 43630 9.13% ..

Figure 5: Eir — 1800 MHz (4G (LTE))
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A Color Legends
d Power {dBuV/m} [Time/s]

>=54 94249 19.99%
<54and >=48 45152 9.58%
<48and >= 42 53659 11.38%
<42and >= 36 62423 13.24%
<36and >= 30 59879 12.70%
<30and >=24 55321 11.73%
<24and >=18 46559 9.88%
<18

Figure 6: Eir — 2100 MHz (4G (LTE))
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2.2 3IHL No.1l: Coverage Maps

Received Power{dBuv/mi [Time/s]
>= 46 525534 97.03%
<46and >=40 10924 2.02%

<40and >= 34 3482 0.64%
|<34and>=28 1084 020%
<28and>=22 365 0.07%
<22and >=16 256 005%
<16 0 0.00%

Figure 7: 3IHL No.1 — 900 MHz (2G (GSM))
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Received Power (dBuV/m) [Time/s]
>=50 165868 34.72%
<50and >=44 73547 15.39%
<44and >=38 71106 14.88%
<38and >=32 68302 14.30%
<32and>=26 48170 10.08%
<26and >=20 30513 6.39%
<20 20285 4.25%

Figure 8: 3IHL No.1 — 1800 MHz (4G (LTE))
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2.3 3IHL No.2: Coverage Maps

‘Received Power [dBuV/m] [Time/s]

<50and >=44
<44and >=38
| <38and>=32
<32and >= 26
<26and >= 20

Figure 9: 3IHL No.2 — 900 MHz (3G (HSDPA/UMTS))
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Received Power(dBuV/m) [Time/s]

70110 13.87%
12948 2.56%
2956 0.58%
1115 0.22%

g
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§
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<32and>=26 38848 7.68%

<26and >=20
<20and >= 14

< 38and >=32
<14

>=44

800 MHz (4G (LTE))

Figure 10: 3IHL No.2 -
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>=50 89024 30.14%
<S50and >= 44 31438 10.64%
<44and >= 38 36124 12.23%
| <38and>=32 35304 11.95%
<32and>=26 33361 11.30%
<26and >=20 30979 10.49%
<20 39131 13.25%

Figure 11: 3IHL No.2 — 1800 MHz (4G (LTE))
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2.4 3IHL'®; 2100 MHz Coverage Maps

Recelved Power {dBuV/m} [Time/s]

W>=54 10941 19.46%
M <54and >=48 4587 8.16%
<48 and >=42 5027
6651

M <36and >=30

M <30and >=24

Il <24and >=18
<18

Figure 12: 3IHL — 2100 MHz (3G (HSDPA/UMTS))

16 For the 2100 MHz band, 3IHL was issued with a single Short-Term ECS licence and a single MBSA2
Liberalised Use licence and the term “3IHL” applies to Three’s coverage in 2100 MHz bands under these
licences.

Page 20 of 35



ComReg 23/45

Received Power {dBuV/m} [Time/s]

>=54 81944

<54 and >=48 43476

<48 and >=42 53859
_<42and >= 36

<36and >= 30

<30and >=24

<24and >= 18

<18

Figure 13: 3IHL — 2100 MHz (4G (LTE))
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2.5 Vodafone: Coverage Maps

6031 1.11%
2701 0.50%

613 0.11%
451 0.08%
28 0.01%
0 0.00%
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Received Power [dBuV/m] [Time/s]
>=50
<50and >= 44
<44and >=38
| <38and>=32
<32and >=26
<26and >=20
<20and >=14
<14

i dea 03553 Torvachiee_Maver

Figure 15: Vodafone — 900 MHz (3G (HSDPA/UMTS)
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36193 31.64%
<54and>=48 13525 11.82%

<48and>=42 14764 12.91%
<42and>=36 16209 14.17%
<36and>=30 13799 12.06%
| <30and>=24 9793 8.56%
<24and>=18 6258 547%
<18 3849 3.36%

Figure 16: Vodafone — 2100 MHz (3G (HSDPA/UMTYS))
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Received Power(dBuV/m) [Time/s]
>=44 282280 54.3%%
<44and >=38 94200 18.15%
<38and >= 32 77114 14.86%

_|<32and>=26 45819 8.83%
< 26and >= 20 14104 2.72%
<20and >=14 3590 0.69%
<14 1933 0.37%

Figure 17: Vodafone — 800 MHz (4G (LTE))
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<50and >=44 53481 11.68%
<44and >= 38 58649 12.80%
<38and>=32 60534 13.22%
<32and>=26 47990 10.48%
<26and >=20 38551 8.42%
<20 56625 12.36%

Figure 18: Vodafone — 1800 MHz (4G (LTE))
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Received Power {dBuV/m] [Time/s]
>=54 66023 15.46%
<54and>=48 34872 8.17%
<48and >=42 45049 10.55%
<42and>=36 55611 13.02%
<36and>=30 55665 13.04%
<30and>=24 51352 12.03%
<24and>=18 47666 11.16%
<18 70771 16.57%

Figure 19: Vodafone — 2100 MHz (4G (LTE))

Page 27 of 35



ComReg 23/45

3 Conclusions

15.Considering the results of the Drive Test coverage, along with information from
ComReg’s outdoor mobile coverage map, ComReg observes that the MNOs continue
to develop and improve their networks. For example, compared to the previous drive
test report (i.e., for summer 20227), the results of this drive test indicate that:

e the more spectrally-efficient'® 4G (LTE) technology continues to be widely
deployed in each of the 800 MHz, 1800 MHz bands and now increasingly so in
the 2100 MHz band;

e while the legacy 3G (UMTS) technology in the 2100 MHz band would now
appear to be less widely deployed.

16.In relation to the coverage obligations for the 800 MHz, 900 MHz and 1800 MHz
bands, the results of the Drive Test indicate that each MNO is currently complying with
the coverage obligation of >70% demographic coverage as set out in its Liberalised
Use Licence?®.

17.In relation to the 2100 MHz band, ComReg observes that while each of the MNOs
have deployed two technologies in this band, namely legacy 3G (UMTS) technology
and the more spectrally-efficient 4G (LTE) technology, 4G (LTE) technology is now
the most deployed technology in this band. In addition, from information collected for
ComReg’s outdoor mobile coverage map, ComReg observes that one MNO has also
deployed some 5G services in this band?°.

18.While the coverage obligations in Eir's Third Generation and GSM Licence relates to
the deployment of the 3G (UMTS) technology?!, Eir's deployment of 4G (LTE)
technology in the 2100 MHz band improves the spectral efficiency of its network and

17ComReg Document No. 22/82: https://www.comreg.ie/publication/assessment-of-mobile-network-
operators-compliance-with-licence-obligations-coverage-summer-2022

8 See:
https://www.etsi.org/deliver/etsi_tr/136900_136999/136912/11.00.00_60/tr_136912v110000p.pdf
https://www.etsi.org/deliver/etsi_tr/136900_136999/136913/14.00.00_60/tr_136913v140000p.pdf,
https://www.ofcom.org.uk/__data/assets/pdf_file/0015/45501/hspa_vs_lte.pdf

19 Data available from the Central Statistics Office 2016 is used for estimating the population in the areas
covered by the Drive Test. ComReg notes that the populations in many areas now may differ slightly
since 2016.

20 5G coverage is not measured in this drive test.

21 When Eir's Third Generation and GSM Licence was issued in 2007, the 3G (UMTS) technology was the
most advanced technology at that time. It is only recently, in 2020, that the deployment of other
technologies, such as the 4G (LTE) and 5G (NR) technology, in the 2100 MHz band became
possible in Ireland.
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in turn benefits consumers by providing lower latency and higher mobile data speeds
on the same spectrum assignment.

19.Therefore, the combined coverage of all technologies deployed in the 2100 MHz
band would be the more appropriate basis for assessing Eir's coverage in the 2100
MHz band with respect to its coverage obligations in the Third Generation and GSM
Licence. In this regard, ComReg observes that the appropriate metrics for assessing
compliance in the 2100 MHz band should be informed by a consideration of all
relevant information available to ComReg?2.

22 For example, considering information from other relevant licensing frameworks, and from ComReg’s
coverage map.
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Appendix 1: Drive Test Route

A 1.1 The Drive Test route covers the full length of Ireland’s national primary and
secondary (N) road network, including all towns thereon and Motorway sections.
The route is approximately 5,500 km long with the coverage levels, of the MNOs’
licenced networks in their respective bands, assessed as the route is driven.

A 1.2 In addition to these roads, the Drive Test was conducted on the roads
emanating from the 5 main city centres across Ireland, including orbital and
interlinking roads in the cities of:

Dublin, including:
1) M50 Ring Road,;
2) North Circular Road;
3) South Circular Road;
4) R114 from Portobello Bridge to Dame St; and

5) O’Connell Street from Eden Quay to Parnell Square East along
North Frederick St. to Dorset Street;

Waterford City;
Cork City;
Limerick City; and

Galway City

In the cities, detailed above, the Drive Test was primarily conducted during the
busy hour, typically between 1700 and 1900 hours and in general, all testing was
conducted between 0900 and 2100 Hours.
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Appendix 2: Glossary

A 2.1 Terms defined in this Information Notice, unless the context otherwise requires
or admits, have the meaning set out below:

2G Second generation mobile services (e.g. GSM)
3G Third Generation Mobile System (e.g. UMTS)
3G Licence A Licence issued under the Wireless Telegraphy (Third

Generation and GSM Licence) Regulations, 2002 and 2003
(S.I. 345 of 2002 and S.I. No. 340 of 2003) for 3G services
in the 2100 MHz band.

3GPP Third Generation Partnership Project

3IHL Three Ireland (Hutchison) Limited

4G Fourth Generation Mobile System (e.g. LTE)

5G Fifth Generation Mobile System

800MHz band The frequency range 791 — 821 MHz paired with 832 — 862
MHz

900MHz band The frequency range 880 — 915 MHz paired with 925 — 960
MHz

1800MHz band The frequency range 1710 — 1785 MHz paired with 1805 —
1880 MHz

2100 MHz Band 1920 — 1980 MHz paired with 2110 — 2170 MHz, and
1900 — 1920 MHz

ComReg The Commission for Communications Regulation

Down Link, D/L The radio channel from the base station to the user's
handset

Drive Test Measurements conducted from a vehicle containing a

computer-controlled measuring system which acts as a
‘handset’, matching an European Telecommunications
Standards Institute (“ETSI”) standard handset, which places
the calls and transfers the files automatically to a fixed line
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and references the measurements to GPS ("Global
Positioning System"), as the route is driven

EC The European Commission

Eir Eircom Limited

ETSI The European Telecommunications Standards Institute

EU The European Union

General An authorisation for an undertaking to provide an electronic

Authorisation communications network or service under and in
accordance with Regulation 4 of the Authorisation
Regulations.

GPS Global Positioning System

GSM Global System for Mobile Communications from the

European Telecommunications Standards Institute (“ETSI”)
Hz Unit of Frequency, one vibration per second

LTE Long Term Evolution family of standards from European
Telecommunications Standards Institute (“ETSI”) and Third
Generation Partnership Project (“3GPP”)

LUL Liberalised Use Licence

LU Liberalised Use Licences

Mbps Mega (One Million) bits per second, a measure of data
throughput

Meteor Meteor Mobile Communications Limited

MHz Megahertz, One Million Hertz

MNO Mobile Network Operator

SIM Subscriber Identity Module

Third Generation A mobile and wireless communications system based on a

standard within the IMT-2000 system capable of supporting
innovative multimedia services beyond the capability of
second-generation systems such as GSM, and capable of
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supporting the characteristics referred to in Annex 1 of the
UMTS Decision

TGL Third Generation Licence

Up Link, U/L The radio channel from the user's handset to the base
station.

UMTS Universal Mobile Telecommunications System

Vodafone Vodafone Ireland Limited
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Appendix 3: Drive Test Equipment

A 3.1 The following equipment was used to conduct the measurements during this
Drive Test. All equipment was within calibration at the time the measurements
were taken:

¢ Nemo Invex Il with associated measurement servers;

Nemo FSR1 multi-band scanner;

e 2 multi-band antennas;

e Laptop with Nemo Outdoor application;

e Samsung Galaxy S9 test phones with Nemo Media Router application;
e AHTTP and FTP server based in Dublin; and

e Relevant SIM cards.

The equipment configuration is shown in Figure 20 below.

NEMO INVEX Il
MOBILE NETWORK PERFORMANCE BENCHMARKING SYSTEM

# Mobile
originated calls
to voice server

VOICE QUALITY SERVER
running PESQ & POLQA algorithms.
Connected to 6 PSTN LINES
for mobile originated call
termination

HTTP and FTP File Transfer
Server System

B samsung Galaxy S9 Test User Equipment (UE)

Nemo FSR1 Multi-band RF Scanner

Figure 20: Drive Test Equipment Configuration.
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Figures 21 and 22 below show the set up deployed in the measurement vehicle:

Figure 22: Nemo Invex Il, which connects to the Handsets.
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