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5G in a (ultra-fast) nutshell (1/4)

Enhanced Mobile Broadband

Massive Machine Type 
Communications

Ultra-reliable and Low Latency 
Communications

3D video, UHD screens

Smart City

Industry automation

Gigabytes in a second

Self Driving Car

Augmented reality

Smart Home/Building

Work and play in the cloud

Voice Mission critical  application,

e.g. e-health

Future IMT

Source: ITU -R M.2083

The three high level 5G use case categories
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5G in a (ultra-fast) nutshell (2/4)

Source: 5G Infrastructure Association: 5G Vision February 2015

The new 5G networks will 
have to meet the needs of all 
the new use cases:
Å IoT, including M2M 

communications
Å so-called critical services, 

including reliable and low 
latency applications 

Å the main vertical sectors 
(cd verticals), such as cars 
and transport, 
manufacturing and 
industry, media & 
entertainment, health, 
food and agriculture, etc.

5G use cases & requirements
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5G in a (ultra-fast) nutshell (3/4)

Source: 5G InfrastructureAssociation: 5G Empoweringverticalindustries

Technical requirements of some of the main verticals 
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5G in a (ultra-fast) nutshell (4/4)

Source: NGNM 5G WhitePaper

5G network slicing



Marco Petracca

AGCOMôs inquiry on 5G (Resolution n. 557/16/CONS)

Main topics:

Å Technical description of 5G and its international developments
ï ITU, CEPT, 5G Action Plan, etc.

Å Market interest for the various candidate frequency bands for IMT-2020 mobile
networks (5G), with a focus on bands above 6 GHz
ï including evaluations of spectrum assignment methods and conditions (licensing, coverage,

sharing, etc.)

Å Development plans in relation to the use of the spectrum and the implementation
of new 5G network technologies and architectures (small cells, network
densification, backhauling, massive MIMO)

Å Spectrum used in the IoT field and impacts deriving from the 5G introduction

Å Evolution of 5G network architectures that guarantee scalability and agility for
service creation and management as well as for network sharing, with particular
reference to slicing
ï impact of these architectures on business models and spectrum management

Å Aspects related to the development of the main 5G wireless applications and the
degree of interest of various verticals for access to spectral resources
ï impact of service requirements on network development and spectrum use

ï implications on issues related to spectrum management and allocation plans
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Å Main bands of interest for 5G development in the medium-term:
ï pioneer bands (700 MHz, 3.4-3.8 GHz and 24.25-27.5 GHz);

ï bands already assigned (e.g. 800, 900, 1500, 1800, 2100, 2600 MHz);

ï 2.3-2.4 GHz band (to be harmonized);

ï extension of the L band;

ï spectrum above 24 GHz currently under study by ITU (in particular 66-71
GHz band)

Å Other bands of interest related to specific verticals:
ï possible harmonization of the 5905-5925 MHz band for ITS applications

(automotive sector) with safety requirements (5.9 GHz), as extension of the
already harmonized 5875-5905 MHz band;

ï possible designation of the 5925-6425 MHz band for R-LAN/WAS systems,
in addition to the already harmonized 2.4 and 5 GHz;

ï possible harmonization of the 870-876 MHz and 915-921 MHz portions
(currently occupied by Defense according to the PNRF) for railway-type
applications and applications related to localization, data acquisition and
identification of IoT-type objects including RFID.

Main outcomes of the AGCOMôs inquiry on 5G (1/3)
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Main outcomes of the AGCOMôs inquiry on 5G (2/3)

Å The 5G technology could enable new (both retail and

wholesale) business models, fostering the creation of new

players in the value chain (e.g. new intermediaries related to

connectivity services).

Å The current wholesale service provision model may evolve in

the future, since the 5G network architecture will enable new

forms of access and interconnection, especially by means of

the introduction of virtualization and slicing features.

ï e.g., the neutral host model, represented by a wholesale operator which

could aggregate also the spectral resources

Å In general, the 5G development could be well suited to co-

investment models among operators and other players.
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Main outcomes of the AGCOMôs inquiry on 5G (3/3)

Å 5G networks will also impact different vertical markets
(manufacturing and industry, automotive, media & entertainment,
energy, health and well-being, etc.), enabling them to develop
different applications thanks to the specific performance
requirements guaranteed by 5G technology.
ï The Agcom inquiry treated the automotive sector more in depth due to the

fact that specific frequency bands have already been identified, or specific
categories of use in the collective bands have been identified, in particular
for ITS (Intelligent Transport Systems) and TTT (Transport and Traffic
Telematics) applications, confirming a complementarity between typically
commercial mobile networks and frequencies for collective use.

Å In any case, the impact of 5G technology on each vertical seems not
yet easily assessable.

Å None of the potential verticals directly participated in the Agcom
inquiry on 5G
ï presumably due to a still preliminary stage of 5G implementation solutions

as well as a scarce knowledge/awareness about the new opportunities
deriving from 5G.
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Timeline of the Agcomôs Resolution n. 231/18/CONS

1st January: the budget law 205/2017 for 2018-2020 entered into force. 

Å According to the law, by 30th April 2018 AGCOM had to set the rules for awarding and using the available 

frequencies of the three pioneer bands for 5G in Europe, i.e. 694-790 MHz (to be freed for MFCN use by July 1st, 

2022), 3.6-3.8 GHz and 26.5-27.5 GHz (both to be freed by December 1st, 2018)

Å The ministry of economic development (MISE), based on the AGCOMôs rules, had to carry out the spectrum 

auction by September 2018

Å The budget law set two goals: 

ü income from the auction not lower than 2500 million ú (1.25 billion ú to be paid by 2018, the other part in 4 

annual installments);

ü ensuring the widest level of 5G coverage and access for all users on the national territory.

5th March: with Resolution n. 89/18/CONS, AGCOM launched a public consultation on the rules to award the 5G 

pioneer bands for wireless broadband and to use the spectrum. 

4th April: End of the public consultation (24 participants + AGCM opinion)

8th May: AGCOM approved the Resolution n. 231/18/CONS (published on 23th Mayïalso in english*), resulting the 

first NRA to define rules for the assignment and the use of spectrum in all the three pioneer bands for 5G in Europe.

11th July: MISE published the call for tenders, based on the AGCOM rules.

10th September: Bidders presented the initial economic offers and the multi-band auction started.

5th October: Formal conclusion of the tender procedure for awarding the available frequencies.

2
0

1
8

* available at https://www.agcom.it/documents/10179/10517165/Allegato+7 -8-2018/637af9a9 -8a60 -4b3e -8ac0 -3ce2cd808ac4?version=1.2

https://www.agcom.it/documents/10179/10517165/Allegato+7-8-2018/637af9a9-8a60-4b3e-8ac0-3ce2cd808ac4?version=1.2
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Spectrum offered

5G development can benefit from synergies among pioneer bands

Å Coverage-oriented band:

ü 2x30 MHz FDD and up to 20 MHz SDL in the 694-790 MHz band

Å Intermediate (coverage-capacity) band: 

ü 200 MHz TDD in the 3.6-3.8 GHz band

Å Capacity-oriented band:

ü 1 GHz TDD in the 26.5-27.5 GHz band

Å According to the budget law, protection must be guaranteed to:

ü the existing uses in terms of Fixed Satellite Services (FSS) and Earth 
Exploration Satellite Services (EESS)

ü the ongoing 5G trial projects in the 3.7-3.8 GHz sub-band, currently
operating in 5 Italiancities (Milan, Prato, LôAquila, Bari and Matera) 
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Packaging (1/3)
Å 700 MHz band 

ü FDD: 6 blocks of 2x5 MHz (nationwide)

Ç Reserved spectrum: 2 blocks (out of six) pre-auctioned to new entrants and the remedy taker of the merger 

case M.7758 ïHutchinson 3G Italy/WIND/JV (namely Iliad)

ü SDL: up to 4 blocks of 5 MHz SDL (nationwide)

Ç MISE decided to assign 3 blocks based on the verification of requirements of public protection and disaster 

relief (PPDR) sector
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Packaging (2/3)

Å 3600-3800 MHz band

ü 2 blocks of 80 MHz (nationwide)

ü 2 blocks of 20 MHz (nationwide)
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Packaging (3/3)

Å 26 GHz band

ü 5 blocks of 200 MHz (nationwide)

üindividual licence not exclusive: ñclub use" (see later)
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Spectrum caps

Å 700 MHz FDD band
ü intra-band: 2x15 MHz

ü inter-band: 2x30 MHz including the 800 MHz and 900 MHz bands

Å 700 MHz SDL band
ü none 

Ç (10 MHz if all the available 4 blocks were assigned by MISE)

Å 3600-3800 MHz band
ü intra-band: 100 MHz

ü inter-band: 100 MHz including frequencies in the 3400-3600 MHz band 
Ç licensees in the 3.4-3.6 GHz band acquiring spectrum in the 3.6-3.8 GHz band and 

exceeding the inter-band cap, must renounce to the frequencies in the band 3.4-3.6 GHz 
for the excess quota, starting from 2023, i.e. the deadline of the RoU in the 3.4-3.6 GHz 
band, in case of their extension

Å 26 GHz band
ü 400 MHz (i.e. 2 blocks of 200 MHz) 
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Award procedure
Å Simultaneous multi-band award procedure
üAll the assignments (for all the bands) as part of a single award 

procedure

üAuction format: simultaneous multiple round auction (SMRA)

ü The assignment of the reserved lot (i.e. 2 blocks of 2x5 MHz FDD in the 
700 MHz band) is performed before the other assignments

Å Allocation of the abstract lots at the end of the award procedure 
üOnce the bidding phase is concluded, MISE issues the awarding decree 

for abstract lots and notifies it to the winning operators. 

üWithin the next 10 days, operators are invited to present an allocation 
proposal for the abstract lots.

ü If allocation proposals are not submitted by winning operators or 
accepted by MISE, MISE carries out a public assignment procedure.

ü In the latter case, operators may choose respecting the order set by the 
average lot price paid, provided that all operators can get contiguous 
blocks (no other fees to pay)
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Licence term

Å31th December 2037 for all the assigned lots 

ü700 MHz band: licence duration of 15 years and 6 months

ü3600-3800 MHz and 26 GHz bands: licence duration of 19 years

ÅAppropriate time for the development of the new 5G 

technologies as well as to ensure the ROI.
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Reserve price (1/2)
Å 700 MHz band

ü FDD: reserve price set starting from the reserve price of the 800 MHz spectrum 
awarded in 2011, proportionally adjusted by considering the amount of spectrum 
and the licence period, and incremented by a factor up to 5%

ü the minimum price of the lot reserved to new entrants is determined by the sum 
of the reserve prices of the component blocks.

ü SDL: reserve price set as for the FDD part and reduced by a factor up to 50%

Å 3600-3800 MHz band
ü reserve price set starting from the average awarded price of the 3.4-3.6 GHz 

spectrum assigned in 2008, eventually adjusted by inflation, proportionally 
calculated by considering population of the pertinent geographic area (taking 
into account the exclusion zones), amount of spectrum and licence period, and 
incremented by a factor up to 30%

Å 26 GHz band
ü reserve price set starting from the reserve price of the last award procedure for 

WLL systems in the adjacent band, proportionally adjusted by considering 
nationwide coverage, amount of spectrum and licence period, and incremented 
by a factor up to 90%
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Reserve price (2/2)

The reserve prices of all the spectrum to be awarded 

(excluding SDL band) ensure to reach the minimum 

target set by the budget law (i.e. 2,5 billion ú)



Marco Petracca

Coexistence scenarios
1) MFCN & incumbent FS/FSS

Å 3.6-3.8 GHz band: FSS (both in-band and in adjacent bands) & FS (in the upper adjacent band)

Å 26.5-27.5 GHz band: FSS (both in-band and in adjacent bands) 

2) MFCN & 5G trials@3.7-3.8 GHz

Å Coexistence must be ensured by applying technical criteria provided by ECC Recommendation (15)01

3) MFCN & BWA@3.4-3.6 GHz

Å Coexistence must be ensured by applying technical criteria provided by ECC Decision 11(06) as

recently amended

FSS scenario

FS scenario
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Obligations

ÅThree kinds of obligations in the licence conditions:
üObligations of spectrum usage

üCoverage obligations 
Çexcluding 700 MHz SDL and 26 GHz bands

üAccess obligations

ÅIf obligations are not respected, rights of use can be 
revoked

ÅSpectrum trading is not allowed within 2 years from the 
award 
üextended to 4 years for the frequencies of the reserved lot
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Obligation of spectrum usage

ÅStarting from the award (or from the availability of the 
assigned frequencies, if later) licensees must use the 
awarded frequencies in all the Italian provinces within:
ü 2 years for the 3600-3800 MHz band,

ü 3 years for the 700 MHz band,

ü 4 years for the 26.5-27.5 GHz band  

ÅñUse of the awarded frequenciesò means:
ü the activation of the physical carriers of BS/fixed links, connected to an 

end-to-end transport network, and 

ü the commercial launch of the wireless broadband service (retail or 

wholesale), also in the form of roaming, MORAN, MOCN, or supply of 

network slices (normally with prohibition of frequency pooling)
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Coverage obligations: 700 MHz FDD (1/4)

Å2 individual obligations: 
ü i.e. per each operator 

ü a new entrant (but not the remedy taker) has one additional year with 

respect to the timing set for MNOs (see next slide) to comply with the 

individual coverage obligations in the 700 MHz band 

Å2 collective obligations: 
ü aimed at cooperation (also through reciprocal agreements) among MNOs 

so that at least one MNO provides coverage to remote areas and the main 

transport routes (as required by the European framework)

ÅLicencees can use also their other frequencies for the 
purpose of the coverage obligations 
ü provided that the compatibility with consumer-type terminals available on 

the market supporting 5G services in the 700 MHz FDD band is ensured



Marco Petracca

Coverage obligations: 700 MHz FDD (2/4)

Individual coverage obligations

1. Coverage of population: 

ü within 3 years (4 for new entrants) from the availability of the awarded 
frequencies, each licensee must provide at least 80% of population with 
5G services (eMBB, URLLC, mMTC), reasonably also indoor

ü in case of eMBB services, download speed of at least 30 Mbit/s must be 
ensured

ü coverage must include all the municipalities with more than 30,000 
inhabitants and all the provincial capitals

ü for municipalities a sharing agreement is permitted at most by 2 operators 
and with specific 700 MHz frequencies
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Coverage obligations: 700 MHz FDD (3/4)

Individual coverage obligations

2. Coverage of tourist areas: 

ü within 2 years from the award, MISE identifies a certain number of tourist 
locations to be covered throughout the national territory (max 2400 to be 
divided by all the licensees) 

ü the identified locations are characterized by a significant number of tourists 
with respect to the residents
Ç areas typically suffering from coverage/capacity issues since not stably 

inhabited

ü MISE divides the identified locations in 6 lists, each associated by sorting 
to a single 2x5 FDD block, and notifies the lists to licensees 

ü within 66 months from the notification, each licensee must provide at least 
90% of the areas in the list associated to its blocks with 5G services (as 
above) 
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Collective coverage obligations:

1.Coverage of population: 
ü within 54 months from the availability of the awarded frequencies, licensees 

collectively (compliant with competition law) must provide at least 99,4% of 
population with 5G services (as above) 

ü coverage must include at least 90% of the population of each of 120 
municipalities identified as ñdeep digital divideò areas

ü roaming with spectrum pooling is permitted

2.Coverage of the major terrestrial transport paths: 

ü within 42 months from the availability of the awarded frequencies, licensees 

collectively (compliant with competition law) must provide the main national road 

and rail transport routes with 5G services (as above) - i.e. motorways and high 

speed railways, including connected nodes, such as stations and other 

important traffic nodes, such as ports and airports

ü coverage must include corridors identified at European level, in accordance with 

Regulation (EU) n. 1316/2013

ü roaming with spectrum pooling is permitted (mandatory outside urban areas)

Coverage obligations: 700 MHz FDD (4/4)
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Coverage obligations: 3.6-3.8 GHz (1/4) 
Å Obligation list: for each region, at least 10% of the municipalities with 

less than 5.000 inhabitants

ü to be presented by each licensee by 90 days from the award

ü according to a complementary approach, only the buildings not covered by 

the national strategic plan for ultra-broadband services are part of the 

obligation 

Å Demand-driven service obligation: each licensee with at least 80 

MHz at national level (in this band or in general in the 3.4-3.8 GHz 

band) must be ñready to deliverò 5G services (as above) to any 

(residential or business) applicant customer in the obligation area, 

within 6 months from the demand 

ü offer conditions (including price) must be non-discriminatory and equivalent 

compared to the rest of the users and without charging any burden arising 

from the location of the applicant.

ü in case of eMBB services, download speed of at least 30 Mbit/s must be 

ensured
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Coverage obligations: 3.6-3.8 GHz (2/4) 

Å Within 72 months from the award, each licensee must meet the 

service obligation:

ü with linear annual rollout starting from the 2nd years

ü the licensee must present to MISE the coverage plan, i.e. the annual 

schedule of municipalities (ñready to deliverò after 24, 36, 48, 60 and 72 

months) 

ü the coverage plan is published by MISE and may be modified (not 

retroactively) 1 time/year, prior notification 

ü at the beginning of every year, according to the coverage plan, the 

licensees must announce to be ñready to deliverò in each municipality.
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ÅñUse-it-or-lease-itò:
üñfree listò: the set of municipalities with less than 5.000 inhabitants (so 

called ñsmall commonsò) not included in the obligation list of all licensees

ü other operators not licensees in the frequency bands up to 3.6-3.8 GHz (or 

licensees in 3.5 GHz but with RoU covering less than 40% of the national 

population) can use the frequencies in the 3.6-3.8 GHz band not used by 

the licensees in any municipalities of the ñfree listò, by leasing them

ü price of leasing is set to the appropriate proportion of the winning bid

ü the operators that lease frequencies:

Ç have the same demand-driven service obligation of the licensees in the 
municipalities selected from the ñfree listò

Ç shall agree with the license holders the mutual protection and coexistence 
mechanisms, including synchronization 
V in case of discordance, it is defined by the licensee, who has the burden of proving that a different 

method would constitute an irreparable prejudice to the proper functioning of its network 

ü licensees may increase their obligation lists with new municipalities (if not 

already selected by operators which lease frequencies) 

Coverage obligations: 3.6-3.8 GHz (3/4) 
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Å Coverage of population: each licensee of a 20 MHz block must 

provide, in each italian region, at least 5% of population with 5G 

services (as above) within 4 years from the award 

ü10% if the same licensee acquires 40 MHz (i.e. 2 blocks of 20 

MHz each)

Å This obligation is considered absorbed by the previous demand-driven

obligation if the licensee has also been awarded a lot of 80 MHz

Coverage obligations: 3.6-3.8 GHz (4/4) 
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Access obligations: 700 MHz FDD

Å National roaming: operators that acquire spectrum in the 700 MHz 

FDD band must offer national roaming on their 700, 800 and 900 MHz 

networks to a new entrant acquiring spectrum in this band (excluding

the remedy taker) for: 

ü30 months in the entire national territory;

ü60 months in the areas not covered by the new entrant. 

Å Roaming conditions must be fair, non-discriminatory and transparent

Å The new entrant has the right to national roaming only if it had 

launched commercial service and covered at least 10% of the 

population with its own frequencies.
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Access obligations: 3.6-3.8 GHz
Å Each licensee holding at least 80 MHz nationally in the 3.4-3.8 GHz band 

must provide access to other players not licensees in the bands up to 3.8 

GHz (or licensees in 3.5 GHz but with RoU covering less than 40% of the 

national population), e.g. other TLC operators or service providers.

Å The access is provided on the following terms:

ü access is aimed at the development of 5G services and based on commercial 

agreement with fair and non-discriminatory conditions

ü the access agreement specifies the area of interest (that not necessarily 

includes areas where the holder has coverage obligations or in general intends 

to cover)

ü if the licensee does not cover the area where a player needs connectivity, the 

player can deploy the network, upon agreement or by leasing frequencies

Å This obligation is also aimed at fostering verticals to develop innovative 

business cases, e.g. by exploiting high performance technologies (such as

Massive-MIMO and beamforming) to offer future proof services enabling 

advanced business scenarios
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Access obligations: 26 GHz (1/2)

Å ñClub useò model: each licensee can dynamically use all the awarded 

spectrum (up to 1 GHz) in areas where frequencies are not used by 

other licensees. 

ü To this aim, licensees can stipulate commercial reasonable and non-

discriminatory agreements, proportionally sharing the costs. 

ü Each licence holder has the pre-emptive right in favour on its assigned lot.

ü Licensees can assign to a trusted third party the task of managing the uses 

to avoid harmful interference as well as the access scheduling.
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Access obligations: 26 GHz (2/2)
Å Licensees must provide access (wholesale capacity) to other players (non 

TELCOs, e.g. service providers) for the development of 5G services

ü if the requester asks for access in areas already covered, than the access is 

provided by the covering operator

ü if the requester asks for access in areas not yet covered, licensees handle the 

request collectively or through the identified trusted third party; network deployment 

can be entrusted to a third party (the same or another)

ü the access seeker cannot resell pure TLC services (save agreement with the 

licensees)

Å In closed lands with public attendance (e.g. ports, airports, stadiums, arenas, 

cinemas, theatres, national parks, museums, metros, etc.), where the 

deployment of radio sites must be authorized by the land owner/manager, the 

licensee(s) implementing coverage has to offer access to the other licensees 

ü éthus avoiding foreclosure mechanisms and duplication of investments

Å Agcom and MISE can intervene to address any eventual disputes, as in their

remit
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Results of the Italian 5G auction

After 14 days of bidding (171 rounds), the auction ended with a total income of 6,55 billion ú, 

i.e. about 2,6 times greater than the minimum target set by the budget law (2,5 billion ú)

Å All four italian MNOs and Fastweb (5 out of 7 participants) took part in the auction and won spectrum: 
ü Iliad, TIM and Vodafone in all the auctioned bands (Iliad acquired the reserved lot in the 700 MHz FDD band) 

ü Wind Tre in the 3.6-3.8 GHz and 26 GHz bands 

ü Fastweb in the 26 GHz band.

Band Lot
Spectrum 

[MHz]

Reserve price 

ώϵϐ
Winner Price paid [ϵϐ

700_R 2x10 676.472.792     Iliad 676.472.792     

700_FDD 2x5 338.236.396     Vodafone 345.000.000     

700_FDD 2x5 338.236.396     Vodafone 338.236.396     

700_FDD 2x5 338.236.396     TIM 340.100.000     

700_FDD 2x5 338.236.396     TIM 340.100.000     

2x30 2.029.418.376 2.039.909.188 

3700_C1 80 158.374.470 TIM 1.694.000.000

3700_C2 80 158.696.043 Vodafone 1.685.000.000

3700_C3 20 39.674.011 Wind Tre 483.920.000

3700_C4 20 39.674.011 Iliad 483.900.000

200 396.418.535 4.346.820.000

26G 200 32.586.535 TIM 33.020.000

26G 200 32.586.535 Iliad 32.900.000

26G 200 32.586.535 Fastweb 32.600.000

26G 200 32.586.535 Wind Tre 32.586.535

26G 200 32.586.535 Vodafone 32.586.535

1000 162.932.675 163.693.070

700 MHz 

FDD

3.7 GHz

26 GHz
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An overview of the ongoing 5G trials in Italy

Å In 2017 the Ministry of Economic Developments has launched a 

selection for the realization of 5G trials in five big and medium cities 

for a duration of four years:

ü Milano (Area 1), Prato -LôAquila (Area 2), Bari ïMatera (Area3)

Å The requirements for the trials are:

ü efficient use of the 3.7-3.8 GHz band

ü adoption of technical solution of 5G family (including network slicing)

ü implementation of at least one of the three use cases defined by ITU 

(eMBB, m-MTC, URLLC)

Å The trials have been awarded to three groups of companies:

ü Area 1: Vodafone in technical partnership with industry and P.A.

ü Area 2: WindTre and Open Fiber

ü Area 3: TIM, Fastweb and Huawei Italy
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Area 1 ïMilano: partnership

Source:  
www.sviluppoeconomico.gov.it 
�± Vodafone presentation of the 
Project


