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To reach people the maximum 
number of people affordably, 

wireless technologies are essential, 
which is why wireless spectrum has 

become so valuable.

Wireless Spectrum
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Are we running out of spectrum?
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It depends who you talk to..
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What is spectrum?
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Better Propagation

More bandwidth

All Spectrum is Not Created Equal
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Source: The Mobile Provide: Economic Impacts of Alternative Uses of the Digital Dividend

Larger cell radius = lower capital cost
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All spectrum is not used equally

Access Points radiate 
in a wide area to reach 
client devices (phones 
or WiFi APs or other 
CPEs)

Point to Point (PtP)  
radio links connect 
specific devices at high 
speed
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Why does spectrum need management?
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All Spectrum is not Managed Equally
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Licensed Unlicensed
Technology GSM, 2G, 3G, 4G, 5G, etc WiFi, Bluetooth, etc

Protection from 
Interference License Technology / Rules

Power Output High Low

Value Created Billions $ Billions $

Cost of 
Technology Coming down Ridiculously cheap

Two very different approaches
Spectrum Management
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Source: https://www.internetsociety.org/wp-content/uploads/2017/10/Link-Budget-Calculation.pdf

Power in a Wireless System
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Source: https://www.internetsociety.org/wp-content/uploads/2017/10/Link-Budget-Calculation.pdf

Analogy of Money on Journey
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Source: https://www.internetsociety.org/wp-content/uploads/2017/10/Link-Budget-Calculation.pdf

Relates to How 
Spectrum is Created

Power in a Wireless System

14



20-22 September 2022

Source: https://www.internetsociety.org/wp-content/uploads/2017/10/Link-Budget-Calculation.pdf

Relates to 
How Spectrum 

is Used

Power in a Wireless System
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Source: https://www.internetsociety.org/wp-content/uploads/2017/10/Link-Budget-Calculation.pdf

Relates to How 
Spectrum is 

Managed

Power in a Wireless System
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Spectrum in the Wild

Antenna examples
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Source: The Mobile Provide: Economic Impacts of Alternative Uses of the Digital Dividend

LTE
2.3 

GHz

WiFi
5 

GHz

WiFi
2.4 

GHz

TVWS
<700M

Hz

Spectrum vs. Range (Permitted power per FCC service rules assumed per band) This figure is intended 
only to suggest relative ranges and coverage areas among various single-carrier frequencies at a common 
received signal level (RSL) and noise floor throughout the coverage area, which may be above or below the 
lowest RSL at which a particular technology can operate, assuming sufficient SINR. 

Based on graphic from Thompson, L. and Vande Stadt, W. “Vantage Point Solutions:5G is Not the Answer For Rural Broadband” Broadband Communities Magazine, March/April 2017 

● Licensed 
● Dynamic
● Unlicensed 

Frequency and Power
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Spectrum Allocation, Assignment, Use
Allocation
how can it be used?

Assignment
who is licensed to use it

Use
are they using it?
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Assignment of 
High Demand 

Spectrum
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Evolution of IMT Frequency Bands
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https://opentelecomdata.org/spectrum-chart/ 

Assignments within a band
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Pros
➢ Neutral – market 

decides
➢ Fair to all players
➢ Can be designed for 

social outcomes

Cons
➢ Can be gamed
➢ Raises bar for market 

entry
➢ Conflict of goals 

treasury / regulator

High Demand Spectrum

Pros
➢ Ensure public interest 

outcomes

Cons
➢ Prone to manipulation
➢ Can lead to court 

challenges
➢ Long administrative 

process

Pros
➢ Simple
➢ OK when supply 

exceeds demand

Cons
➢ Potentially 

non-transparent
➢ Breaks down as soon 

as demand increases

Administrative 
Assignment Beauty Contest Auction
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Nigeria
2013 - 2.3GHz 
• 30 MHz of 2.3GHz spectrum
• 23 million USD
• won by Bitflux (a local consortium)
• 4 years later little evidence of 

roll-out

2014 - 2.6GHz
• 14 lots of 2x5MHz of spectrum 
• Launched and withdrawn twice in 

2014 then 2015
• 2016, MTN successfully bids for 6 

lots meeting the reserve of $16M 
per lot, a total of $96M

Mozambique
2013 - 800MHz
• auction of five lots of 2x5MHz 
• reserve price $30M per lot
• no bids, auction withdrawn
• remains fallow for 5 yrs

2018 – 800MHz
• 800MHz, 5 lots of 2×5MHz

Reserve price $15M million per lot

• 3 lots 800MHz auctioned at $15M 
each to Mcel, Vodacom & Movitel

• 1800MHz, 6 lots of 2×5MHz
Reserve price $30M per lot (no bids)

• 2600MHz, 9 lots of 2×5MHz
Reserve price of $15M per lot (no bids)

High Demand Spectrum
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Senegal
2015 - 800MHz (3 blocks 
2x30MHz), 700MHz (4 blocks 
2x20MHz) , 1800MHz (3 blocks 
2x30MHz)
• reserve price set at USD50M 

provoking letter of complaint 
from operators

• negotiations ensued with the 
result that the former fixed-line 
incumbent Sonatel agree to pay 
$53M for 2x10MHz in 800MHz 
band and 2x10MHz in 1800MHz 
band.

Ghana
2015 - 800MHz
• 2 lots of 2x10MHz (total of 40MHz)
• reserve price of 67.5M per lot  

(initially $92M per lot)
• MTN sole bidder to meet reserve 

price
• plans for spectrum auction revenue 

to fund digital terrestrial broadcast 
infrastructure

• 2018 - Vodafone eventually secured 
2x5MHz of spectrum at $30M

• MTN may receive remaining 
spectrum

High Demand Spectrum
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 South Africa
2010 to 2022
• Three attempts since 2010 to 

launch auctions in 2.6GHz and 
3.5GHz and more recently 800MHz

• National debate on Wholesale 
Open Access Network strategy, 
ultimately abandoned.

• Spectrum finally auctioned in March 
2022 for almost one billion USD

• Plans to auction remaining 
spectrum.

Kenya
2014 - 800MHz
• Kenyan government agrees on 

exchange with largest incumbent 
Safaricom.  2x15MHz spectrum in 
exchange for $56M plus promise to 
build police communications 
network

• Complaints filed by Airtel and 
Telkom

• Net result:  all three operators get 
2x10MHz and pay $25M each

High Demand Spectrum
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Tanzania
2018 - 700MHz
• Auction in Q2 2018
• $5M reserve for 2x5MHz lots
• Two operators meet reserve, 

paying $10M each for 2x10MHz 
• Coverage obligations, 60% 

population by 2021, 90% by 2024
• One operator has since returned 

the spectrum

High Demand Spectrum

Kenya
2017 - 700MHz
• 3 blocks of 2x10MHz 
• 800MHz license recipients 

excluded
• First block made available to 

Jamii Telecom (complaints)
• Consortia invited to bid for 

remaining two lots
• Jamii offered 10 year repayment 

terms
• As of 2022, no further 

assignment made
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Country Year Freq Spectrum Price 
(Million USD)

#
successful 

bidders

Nigeria 2014 2.3GHz 30MHz 23 1

Ghana 2015 800MHz 20MHz 67.5 1(2)

Nigeria 2016 2.6GHz 60MHz 96 1

Mozambique 2013 800MHz 10MHz 30 0

Tanzania 2018 800MHz 2x20MHz 20
(10 per bid) 2(1)

Source:  Steve Song

Five Years of IMT Spectrum
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Is there a right price for spectrum?
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● Lower quality networks and reduced take-up of mobile 
data services owing to reduced incentives for investment;

● Higher consumer prices for mobile broadband data; and,

● Lost consumer welfare with a purchasing power of 
US$250bn across a group of countries where spectrum 
was priced above the global median.

NERA research from 2017 found that high 
spectrum spends result in:

https://www.gsma.com/spectrum/wp-content/uploads/2017/02/Effective-Spectrum-Pricing-Full-Web.pdf 

Spectrum Auction Research
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● An unfortunate 
consequence of high 
value spectrum auctions 
is that they effectively 
lock small operators out 
of the IMT market

● Rules to ensure rural 
deployment of spectrum 
by IMT spectrum holders 
have not always been 
successful

Spectrum Auction Side-Effects
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License Exempt 
Spectrum

WiFi
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Unlicensed Spectrum Growth
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Source: CISCO Visual Networking Index - 
https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white-paper-c11-741490.html

Unlicensed Spectrum Growth
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Source: https://www.wi-fi.org/news-events/newsroom/economic-value-of-wi-fi-forecast-in-africa-middle-east-and-india

The Economic Value of WiFi

 The license-exempt nature of 
WiFi combined with its 
extreme affordability has 
enabled its meteoric growth as 
both an access and a 
backhaul technology

 HOWEVER, because WiFi is 
limited in power output, it is 
also limited in application 
compared to licensed 
spectrum for mobile (IMT) use

 But access to licensed 
spectrum is limited and often 
expensive
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WiFi
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2400 – 2483.5 MHz 5150 – 5250 MHz 5250 – 5350 MHz 5470 – 5600 MHz 5600 – 5650 MHz 5650 – 5725 MHz 5725 – 5850 MHz

EIRP Tx Power EIRP Tx Power EIRP Tx Power EIRP Tx Power EIRP Tx Power EIRP Tx Power EIRP Tx Power

South Africa 20 dBm 23 dBm 20 dBm 30 dBm 30 dBm 36 dBm (PtP 53 dBm) 30 dBm

United States

36 dBm in PtMP. PtP of 1 dBm
less in TxPower per 3 dBi increase in antenna gain above 6 dBm

30 dBm 36 dBm in PtP & 53 in PtMP 30 dBM 30 dBm 24 dBm 30 dBm 24 dBm 30 dBm 24 dBm 30 dBm 24 dBm 36 dBm in PtMP and no limit in the Antenna Gain in PtP 30 dBm

Canada
36 dBm in PtMP and no limit in the Gain in PtP 30dBm 23 dBm indoor only 30 dBm 24 dBm 30 dBm 24 dBm 30 dBm 24 dBm 36 dBm in PtMP and no limit in the Gain in PtP 30 dBm

Nigeria 30dBm 23dBm 36dBm (Licensed)
36 dBm (max 1W trans)Why limit gain? 

Why no PtP case? 

Source: Innovations in Spectrum Management 
https://www.internetsociety.org/wp-content/uploads/2019/03/InnovationsinSpectrumManagement_March2019-EN-1.pdf

License Exempt Spectrum
WiFi
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Why not WiFi here? 
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License Exempt 
Spectrum

Expanding the WiFi ecosystem
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Source: https://www.govinfo.gov/content/pkg/FR-2018-12-17/pdf/2018-26013.pdf

Expanding license exempt spectrum
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License Exempt 
Spectrum

mmWave 
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1.5 Km 
difference

Source: Innovations in Spectrum Management 
https://www.internetsociety.org/wp-content/uploads/2019/03/InnovationsinSpectrumManagement_March2019-EN-1.pdf

License Exempt Spectrum
Millimetre Wave (mmWave)
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End of Part 1
Tomorrow:  Access to Spectrum in 

Rural Areas 
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