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BT Tower (today) and the national 
microwave radio network (1970)

Source:  TCC 297/TELE ED 16, Courtesy of BT Group Archives



Radio Frequency Spectrum bands

Source: https://www.mpdigest.com/2023/07/13/do-you-know-your-frequency-bands/ 
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Spectrum for microwave and 
millimetre wave radio links

Spectrum plot source: ETSI ISG mWTOfW48 source: https://www.ofcom.org.uk/siteassets/resources/documents/manage-
your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453 

https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453
https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453


Common microwave radio bands in the UK

• Lower 6 GHz
• Upper 6 GHz
• 7.5 GHz
• 10 GHz
• 11 GHz
• 13 GHz
• 15 GHz
• 18 GHz
• 23 GHz
• 26 GHz (cleared)
• 32 GHz
• 38 GHz
• 42 GHz (cleared)
• 52 GHz
• 55 GHz
• 60 GHz (unlicenced)
• 70/80 GHz (E-band)



Atmospheric 
absorption

H₂O

O2

O2

H₂O



OfW48 source: https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453 
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Point to point microwave radio link

Active 
equipment

Active 
equipment
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Point to point microwave radio link

Active 
equipment

Active 
equipmentHuygens wavefront



Point to point microwave radio link

Active 
equipment

Active 
equipment



Point to point microwave radio link

Active 
equipment

Active 
equipmentFresnel zone

To calculate the radius of a microwave radio's Fresnel zone, you can use the formula:

R: The radius of the Fresnel zone in meters 
D: The distance between the transmitter and receiver in kilometres 
f: The frequency of transmission in GHz

𝑅 =  17.32
𝐷
−
4𝑓



Worked example

Image source: https://www.omnicalculator.com/physics/fresnel-zone 

Frequency band  =  13 GHz  (f)

Distance between antennas = 10 km  (D) 

Largest radius therefore = 7.595m

Practical link design requires at least 60% clearance of the first Fresnel zone, albeit some operators specify 
70% as a safety margin, it is not uncommon to specify 100% clearance to allow a margin for tree growth… 

https://www.omnicalculator.com/physics/fresnel-zone
https://www.omnicalculator.com/physics/fresnel-zone
https://www.omnicalculator.com/physics/fresnel-zone


Link path 
profile

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 17 - Part 3 - 2023 - Access Microwave Radio Systems by Andy Sutton & Julian Divett



Point to point microwave radio systems



Rooftop point 
to point 

microwave 
radio node



Vertical and horizontal polarisations
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Source: https://www.researchgate.net/figure/Horizontal-and-vertical-polarization-of-an-electromagnetic-wave-horizontal-polarization_fig16_338698920 
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XPIC operation - CCDP 
(Co-Channel Dual Polarisation)

• XPIC or cross-polarisation interference cancelling technology, is an algorithm to suppress mutual 
interference between two received streams in a polarisation-division multiplexing communication 
system

• XPIC is a feature used on carrier-class microwave link installations to increase capacity and spectral 
efficiency of a link

• A Microwave Link using XPIC capabilities effectively doubles the capacity of a microwave path
• XPIC allows the assignment of the same frequency to both the vertical & horizontal polarisation on a 

path

20

OMT = Orthomode transducer



Link capacity - 
considerations

• Radio channel bandwidth
• Typically, 3.5 MHz / 7 MHz / 14 MHz  / 28 MHz / 56 MHz / 112 

MHz / …

• Modulation scheme
• QPSK / QAM / 16QAM / 32QAM / 64QAM / 128QAM / 256QAM / 

512QAM / 1024QAM / 2048QAM / 4096QAM / …

• Quantity of radio channels on a given link (carrier aggregation)
• 1 / 2 / 3 / 4 / 5 / 6 / 7 / 8 / 9 / 10 / … - typically implemented with 

CCDP & XPIC

• Wider radio channels and higher order modulation schemes bring a 
link budget penalty!

• Reduction in Tx power: Due to increased linearity requirements for 
the power amplifier in the transmitter, there is a reduction in 
transmit power when the modulation level is increased.  This is 
approx. 1dB per level

• Reduction in Rx threshold: a single step increase in modulation 
scheme (e.g. 512 to 1024QAM) results in a -3dB degradation in 
receiver sensitivity.



QAM constellation plots

Source: https://pysdr.org/content/digital_modulation.html 

https://pysdr.org/content/digital_modulation.html


Adaptive 
Coding & 

Modulation

ACM enabled graceful performance degradation rather than complete link failure, as occurs with a 
fixed modulation scheme - ACM can operate up, or down, from the reference modulation scheme.
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IDU = InDoor Unit = Baseband and modem / ODU = OutDoor Unit = Transceiver

IDU

ODU

Antenna

IF cable

Wave-

guide

I/O ports

Microwave radio components for access radio systems

Configuration 1
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IDU = InDoor Unit = Baseband and modem / ODU = OutDoor Unit = Transceiver

IDU

ODU

Antenna

IF cable

Wave-

guide

I/O ports

IDU

ODU

Antenna

IF cable

I/O ports

Mechanical interface

Microwave radio components for access radio systems

Configuration 1      Configuration 2



26

IDU = InDoor Unit = Baseband and modem / ODU = OutDoor Unit = Transceiver

IDU

ODU

Antenna

Coupler

IF cable

Wave-

guide

I/O ports

IDU

ODU

Antenna

IF cable

I/O ports

Mechanical interface

IDU 
with 2 x modem

2 x ODU

Antenna

2 x IF 

cable

I/O ports

Mechanical interface

Configuration 1      Configuration 2            Configuration 3

Could be a splitter 
for 1+1 system or an 
OMT for 2+0 system

Microwave radio components for access radio systems
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Microwave radio components - IDU
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Microwave radio components - ODU
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Microwave radio components 
- Antenna
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Microwave radio components 
- Antenna
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Microwave radio components 
- Antenna
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Antenna RPE (Radiation Pattern Envelope)

Source: Commscope



32 GHz dual polarisation 
ETSI Class 4 antenna

33

• Enables greater area capacity density through optimised 
radiation pattern envelope

Source: Commscope



Access radio system



Access microwave radio system on test
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Microwave radio IDUs in the lab
36



ODUs in the lab
37



All outdoor 
microwave 

radio 
system

38



Microwave radio link planning example
39

• Backhaul connectivity for 
multi-RAT street-works 
column (2G, 3G & 4G)

• Siae AGS20/ASN radio 

• 32 GHz band

• 56 MHz channels

• XPIC operation (2+0)

• 256QAM

• 60cm ETSI Class 4 Ae
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Radio link path budget
42

• Design target is 99.99% atmospheric availability 

• Link length is 4.03km

• Transmit power = +15dBm (32mW)

• Antenna gain = 43.5dBi
• OMT insertion loss = 1dB

• Free Space Path Loss = 32.44 + 20log(f) + 20log(d) = 134.68dB

• Antenna gain = 43.5dBi
• OMT insertion loss = 1dB

• Receive level = -36.02dBm           
• Receiver threshold = -61.5dBm Difference = fade margin



Link length plots 
for different 
bands, antenna 
sizes, and rainfall 
intensity

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 17 - Part 3 - 2023 - Access Microwave Radio Systems by Andy Sutton & Julian Divett



E-band millimetre wave radio 
system

44

All outdoor 
radio system

71 to 76 GHz paired with 81 to 86 GHz



OfW48 source: https://www.ofcom.org.uk/siteassets/resources/documents/manage-your-licence/fixed-terrestrial-links/ofw48.pdf?v=335453 
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Many variations of network topology are possible to meet different deployment scenarios 

46

Aggregation 

site

Fibre

Cell 

site

Aggregation 

site

Microwave radio

Cell 

site

Aggregation 

site

Aggregation 

site

Fibre

Fibre

Mobile backhaul network topologies



Space diversity operation
47

Space Diversity is usually achieved using two vertically spaced antennas - By putting a second 
receive antenna on the tower, with a vertical separation from the first antenna, it is possible to 
create a second set of delay combinations and improve link availability

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 19 - Part 2 - 2025 - Trunk Microwave Radio Systems by Andy Sutton & Maurice Gifford



Example of shielding of antenna from specular reflection 48

Source: https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.530-18-202109-I!!PDF-E.pdf 
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Trunk radio systems 
Also known as trunking, or core network radios

49

Photo source: Karl Formstone



BT Tower - enabling national 
microwave communications…

50



Trunk radio in L6 GHz + U6 GHz bands
Majority of links are in Scotland 

133 licences in L6 GHz frequency band + 239 licences in the U6 GHz frequency band - note: typically, multiple radio channels per MW hop

51 Source: https://www.ofcom.org.uk/spectrum/information/spectrum-information-system-sis/spectrum-information-portal 

Note, the following links exist but aren’t illustrated here: : L6 GHz link 
between Isle of Wight and mainland +  U6 GHz links between Isles of 

Scilly & mainland , along with Heysham and Dalton in Furness
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Trunk radio sites
52



Trunk radio 
53

Power Distribution

Transceivers
- Vertical

polarisation

Transceivers
- Horizontal
polarisation

Main Digital
Processing Unit

(baseband)

Branching
Networks
Vertical 
Polarisation
(1 x transmit
 2 x receive) 

Branching
Networks 
Horizontal
Polarisation 
(1 x transmit
 2 x receive) 

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 19 - 
Part 2 - 2025 - Trunk Microwave Radio Systems by Andy Sutton & Maurice Gifford



Trunk radio block diagram, 3 radio channels, cross 
polar with space diversity

54

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 19 - Part 2 - 2025 - Trunk Microwave Radio Systems by Andy Sutton & Maurice Gifford



Typical main path branching circuit for 5 radio 
channels, showing duplexer and waveguide port

55

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 19 - Part 2 - 2025 - Trunk Microwave Radio Systems by Andy Sutton & Maurice Gifford



Trunk radio duplexers

56



Internal waveguide installation
57



Core radio antenna system configurations
58

Source: Institute Of Telecommunications Professionals (ITP) Journal Volume 19 - Part 2 - 2025 - Trunk Microwave Radio Systems by Andy Sutton & Maurice Gifford



The future…
59

Read more at: https://www.etsi.org/committee/1426-mwt 

• Higher frequency bands
• Wider radio channels
• Higher order modulation 

schemes
• Higher power amplifiers
• Improved receiver sensitivity

https://www.etsi.org/committee/1426-mwt
https://www.etsi.org/committee/1426-mwt
https://www.etsi.org/committee/1426-mwt


Summary
• Point to point microwave radio systems provide cost-

effective, high-availability, transmission solutions

• Radio solutions are defined as access radios, or trunk 
(core) radios - albeit there is some overlap in use cases

• Radio systems can scale to multiple Gbps of throughput

• Wider radio channels, higher order modulation schemes, 
and carrier aggregation features are increasingly common

• Adaptive Coding and Modulation (ACM) enhances 
throughput and/or atmospheric availability

• Trunk radio demand is reducing however access radio 
systems continue to be in significant demand

• Research is on-going into ever higher frequency bands, 
wider radio channels, higher modulation schemes and 
improved power amps and receivers…

60



Thanks for your attention, 
any questions?
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Thank you for your attendance

Future IET Anglian Coastal Local Network events:

• 11 December 2025 (hybrid), The Road to Self-driving Vehicles – are we 
nearly there?, Paul Flowers & Kirit Bedia, ECS

• 14 January 2026 (hybrid), From Advice Notes to Intelligent 
Automation, Dave Milham, Chief Architect, TM Forum

For more details and how to register please visit:

https://engx.theiet.org/local-networks/ea1

Event CPD Certificate and Slides/Video will be posted on this site.

https://engx.theiet.org/local-networks/ea1
https://engx.theiet.org/local-networks/ea1
https://engx.theiet.org/local-networks/ea1
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