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MAXIMISING BENEFIT MEANS

• Maximising the amount of spectrum available

• Maximising its utilisation
• Efficiency
• Re-use

• Multiple operators using different technologies and business models

• Every RSA citizen has affordable access to broadband services, at a 
high enough speed to be useful

• Maximising the return to GDP



A LITTLE HISTORY - EARLY 
YEARS OF RADIO

• 1873 – Maxwell – Theory of Electromagnetism. Confirmed by Hertz in 1887

• 1874 – Braun – discovers point-contact semiconductor will rectify AC signal

• 1895 – Marconi – First radio transmission over 2.4 km

• 1897 – Braun – Builds the first CRT and Oscilloscope

• 1897 – Marconi establishes Wireless Telegraph Trading Signal Company

• 1897 – Royal Navy ships fitted with ship-to-ship wireless equipment

• 1998 – Braun – invents crystal receiver

• 1900 – Stone – patents coherer (USA)

• 1900 – Fessenden – First audio radio transmission (USA)

• 1901 – Marconi – first UK to Canada transmission claimed. Disputed.

• 1903 – Marconi Company – first radio message from USA to UK

• 1904 – Fleming – invents 2-electrode vacuum-tube rectifier. Replaced crystal diodes

• 1904 – Marconi – Cunard Daily Bulletin

• 1905 – Braun – Phased Array Antenna

• 1906 – Fessenden – First audio AM radio broadcast
• 1909 - Marconi & Braun receive Nobel Prize in Physics

• 1924  - Wireless Telegraph: London to Australia, South Africa and India

• 1947 – Shockley invents the Transistor (USA)

• 1957/8 – Kilby & Noyce invent the Integrated Circuit (USA)



A LITTLE HISTORY –
REGULATION OF RADIO

• 1865 – International Telegraph Union formed - Paris

• 1906 - International Radiotelegraph Union formed - Geneva

• 1932 – Both merged into the ITU

• 1950 - First non-Swiss SG of ITU

• USA Example
• 1912 - Radio Act. Registration only
• 1921 – Herbert Hoover appointed US Secretary of Commerce, responsible for 

Radio & Transport (Became 31st US president in 1929)
• 1927 – US Radio Act => Federal Radio Commission

• Power to grant and deny licences
• 1928 – 83 of 164 US radio stations denied licences
• 1934 – US Federal Communications Commission replaced FRC



ROLE OF REGULATORS

• Initially, Frequency Coordination only

• Licensing of broadcasters

• Spectrum management

• A short step from saying WHO may speak, to saying WHAT they may say …

• More scope creep, resulted in regulations controlling: -
• Advertising

• Content

• “Decency” – Janet Jackson “Wardrobe Malfunction” at Superbowl in 2004
• Telecommunications added to FCC in 1934



SPECTRUM MANAGEMENT
• A very manual process, for a very long time.
• Maxwell’s 1873 equations apply to Free Space, and describe the interaction between the 

electrical and magnetic fields. 
• Kepler (1604) first formulated the Inverse Square Law
• Friis transmission formula (1946) is the basis of calculating the signal power received by an 

antenna, on Earth
• A long process of experimentation was needed to derive empirical formulae for various 

modes of propagation
• Various frequency bands may use different modes and their interaction with the 

atmosphere, ionosphere, the surface, including terrain, mountains, water, and “clutter” can 
be complex

• As a result, licensing of spectrum is on a very conservative basis, and uses limited 
dimensions:

• Frequency
• Location
• Polarity (sometimes)

• Concept of Exclusivity. Later, Primary and Secondary uses



COMPUTERISED TOOLS

• Longley-Rice Irregular Terrain Model for 20 MHz - 20 GHz was published in 1968

• A number of open source and proprietary computerised tools have become 
available, using a number of path-loss (transmission) models. 

• The recent availability of very high desktop computing power has enabled 
the widespread use of these and other models.

• Tools are now available to do much more than simply calculate propagation 
losses. Full Regulator Toolkits, designed to manage the entire licensing process, 
are now available. Some of them at an extreme price!

• Similarly, tools to optimise the performance of wireless networks, including 
SFNs, are also available.



TVWS PROPAGATION MODEL 
EXAMPLE



THE ROLE OF THE REGULATOR
• For nearly a century, regulators have managed spectrum on a static basis. This 

may be characterised as a “1960s approach”. Whether using manual or 
computerised tools, humans have been central to the decision-making process. 
Once a decision is made, it isn’t easily changed.

• PtP links are relatively easy to calculate, and to ensure efficiency. ICASA’s 2012 
introduction of AIP is a strong factor in improving efficiency

• PtMP spectrum licences are much harder to deal with. There will inevitably be 
“dead spots”, as well as areas where it simply isn’t economic to place a station. 
Efficiency of usage is much lower.

• High Demand Spectrum usage in dense cities such as New York measured as 
being as low as 11% – 14% - and this is spectrum for which there is a “shortage” 
and high process are paid 2

2 Steve Song



METHODS OF SPECTRUM 
ASSIGNMENT

• First-come-first-served

• Beauty contest

• Command and control

• Open access

• Auctions

• Market based assignment

• Spectrum Trading

• Spectrum sharing

• Technology Neutrality

• Dynamic Spectrum Assignment (DSA)

Manual, Static Command & Control

Market-oriented approaches

Automated Dynamic Assignment



ENSURING SPECTRUM EFFICIENCY

• The most common method of increasing efficiency is by increasing the 
Bits/Hz. This is usually achieved by progressively higher order modulation  
(supported by very high computation power digital signal processing), up 
until the Shannon Limit

• However, this can also be achieved by reducing the area of each cell. Our 
MNOs are familiar with this process, so that we have microcells and picocells.

• 5G will extend this principle, as does the 60 GHz + stuff

• This is still static assignment



DYNAMIC ASSIGNMENT

• Dynamic Spectrum Assignment (DSA) extends this principle

• If a single (8 MHz TV) channel is not used in every single hectare in RSA, then 
it can be re-assigned, on an automated and almost instantaneous basis, 
many thousands of times over. In cellular terms, this equates to having 
thousands of smaller or larger cells. The spectral efficiency is therefore 
equivalently increased thousands of times.

• The quintessential example of this is TVWS.

• As the assignment process is carried out automatically by the GLSD, which 
knows the characteristics of the devices, the area x the spectrum x the time 
used may be easily recorded, and an equivalent spectrum fee 
automatically calculated on an hourly or daily basis.



DYNAMIC ASSIGNMENT - 2

• Indeed, the same principle is relatively easily extended to any other PtMP 
spectrum.

• This includes existing IMT spectrum assignments

• This includes future IMT spectrum assignments

• MNO coverage on population basis is good - >97% for 2G

• MNO coverage on an area basis is much less comprehensive

• Many areas have inadequate coverage e.g. 2G only



VODACOM – 3G AND 4G COVERAGE
= LOTS OF WHITE SPACE!



HOW MUCH TVWS SPECTRUM IS 
AVAILABLE?

• At present, there are places where up to 94% of the UHF terrestrial TV 
broadcast spectrum is unused.

• After ASO, and the Digital Restacking, up to 75% of the UHF DTT spectrum will 
still be unused, over the majority of the country

• This is true even in the unlikely event that all 7 National SFN Muxes are 
implemented



Who is saying that 
SFNs won’t work?



HIGH DEMAND SPECTRUM

• The release of High Demand (IMT) spectrum) has been a fraught process, 
that has gone on for over a decade without resolution.

• The fundamental reason is perhaps that too many parties have been 
unsatisfied by the various proposals over the years.

• There has been some movement in this recently, with documents gazetted 
by both major players:

• Policy on High Demand Spectrum DTPS July 2019
• Notice on Licensing of IMT Spectrum ICASA November 2019

• A solution that may satisfy all or most parties is briefly presented here.

• Note that while this proposal suggests a total of 12 packages, it does not 
quite exhaust the available HD Spectrum, and a 13th or even 14th package is 
possible



HIGH DEMAND SPECTRUM 
ALREADY ASSIGNED

Band Total Spectrum Licensees

800 MHz 72 MHz Neotel 2x5 MHz, plus broadcasters

900 MHz 66 MHz Cell C, MTN, Vodacom

1800 MHz 60 MHZ Vodacom, MTN, Cell C, Neotel, Telkom, 
WBS

2.1 GHz 2 x 60 MHz FDD Vodacom, MTN, Cell C, Telkom

2.3 GHz 182 MHz Telkom, SABC, Dimension RF, SAPS & others

2.6 GHz 190 MHz WBS (Sentech returning spectrum)



HIGH DEMAND SPECTRUM STILL 
AVAILABLE

Band Total Spectrum Available Spectrum 
FDD

Available Spectrum 
TDD

700  MHz 96 MHz 2 x 30 MHz FDD 23 MHz

800 MHz 72 MHz 2 x 30 MHz FDD 11 MHz

2.3 GHz 100 MHz 20   MHz 20   MHz

2.6 GHz 2 x 70 MHz FDD 2 x 70 MHz FDD

2.6 GHz 1 x 50 MHz TDD 1 x 40 MHz TDD 1 x 170 MHz TDD

3.5 GHz

2 x 14 MHz National, 
and 

2 x 44 MHz National, 
plus

116 MHz National, less

2 x 14 MHz Regional
2 x 14 MHz x 51 District 

Municipalities
2 x 14 MHz x 51 District 

Municipalities



POTENTIAL SPECTRUM BLOCKS20

Frequency 
Band & Type NATIONAL NEW ENTRANTS WHOLESALE 

OPEN ACCESS UNIVERSAL SERVICE
REGIONAL 

NEW 
ENTRANTS

Package 1 
Reserved

Package 2 
Reserved

Package 3 
Reserved

Package 4 
Wholesale -

Open

Package 5 
Open

Package 6 
Open

Package 7 
Open

Package 8 
- 11 Open

Package 12 
Regional x 50

700 MHz 2x10 MHz 2x10 MHz 2x10 MHz
FDD

800 MHz 2x10 MHz 2x10 MHz 2x10 MHz
FDD

2.3 GHz 1x20 MHz
TDD

2.6 GHz
2x20 MHz 2x20 MHz 2x10 MHz 2x20 MHzFDD

2.6 GHz 1 x 20 
MHzTDD

3.5 GHz 2x14 MHz
FDD



WOAN

• Access to the network must be given on a non-discriminatory basis to 
both owners of the network and access seekers, being ECS licence 
holders

• Any consortium may bid for this spectrum block

• ICASA proposes a Beauty Contest for the awarding of this licence

• DTPS and ICASA proposals give more details



UNIVERSAL SERVICE PACKAGES

• Open to anyone

• Designed for the existing incumbents

• Coverage of underserved areas is required before allowed to cover dense 
areas c.f. German model



NEW ENTRANTS

• There are over 400 licensees who have ECNS and ECS licences but no spectrum

• These packages allow new infrastructure based operators on both a national and a 
Regional basis

• Two existing USALs have 2 x 14 MHz spectrum assignments in their regions. The other 
50 District Municipalities or Metros are available for assignment on a regional basis

• Definition: An ECNS and ECS licence holder who does not (including any 
shareholders) have any assignments in the IMT



DSA HERE TOO!

• Even after this spectrum is assigned, by suitable market-driven approaches 
(think Auction), there will still be room for TVWS-type usage in these bands 
where it is underutilised, and in the guard bands

• And of course, all this spectrum should be explicitly open access



THE GOALS

• Primary: Universal Service
• Reservation of certain blocks for universal service purposes
• Obligations lead to roll-out in underserved areas first

• Secondary: Competition:
• Infrastructure-based competition

• Reservation of certain blocks for new entrants only
• Spectrum available for both National and Regional operators to roll out a physical 

network
• Service-based Competition

• Reservation of certain blocks for wholesale open access WOAN
• Allows leasing of facilities by services providers without rolling out a national network

• Maximising spectrum availability
• All available IMT spectrum is assigned
• Use of DSA maximised

25



Thank you


