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BRIEF INTRODUCTION TO TREDESS
Implementation of DVB-T/T2 & DAB+ SFN networks worldwide.




1.1) TRedess > Company overview

TRedess is a Spanish company specialized in air cooled TV and
DAB+ Transmitters and Gap Fillers, counting with:

> more than 30.000 TV transmitting devices operating
worldwide in more than 70 countries

> more than 700 x DAB+ transmitters deployed in more than

15 countries (and it will be aprox. 1000 x DAB+ transmitters
at end of Q2 2026):

You are not currently logged in.. Member Login
WO I Become a member | Forgot your password? | Activate account

Search the Site Q

Home / About / WorldDAB members / TRedess

TRedess

How we work

WorldDAB members

Membership

e
Accessing the Member Area tstanding perf of TRedess DAB+ SFN Gap Fillers. Other main characteristics to highlight of
WorldDAB award TRedess solutions are: compact devices, flexibility, easy to use and operate, cost effective solutions for each scenario, full control of

the design and manufacturing, top class quality control, support, etc...
Meet the team

https://www.tredess.com/
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TV BROADCASTING PRODUCTS & SOLUTIONS




TRANSMITTERS AND GAP FILLERS
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LOW-POWER MEDIUM / HIGH-POWER
TRANSMITTERS AND GAP FILLERS TRANSMITTERS
(up to 400W) (up to 5kW)

MGNSS Multiband and Media Converter / Sat Receiver /
Multiconstellation Clock Reference IP-AS| Converter




HIGHER INCREASE IN THE CONCERN ABOUT -
THE IMPORTANCE OF SYNCHRONIZATION

Week Number Rollover
Malicious attacks: Jamming, Spoofing




Main advantages of an SFN (Single-Frequency Network) compared to an MFN
(Multi-Frequency Network):

O much more efficient use of Spectrum

O wide-area coverage

O reduced energy consumption

O lower CO, emissions

O substantial decreases in transmission costs

BUT

O SFN implies a strict time and frequency synchronization!!

Due to the trade off between performance and costs - the most commonly used
SFN synchronization methods in digital broadcasting (DVB-T/T2, DAB/DAB+, 5G
Broadcast, etc.) are:

1. GNSS-Based Synchronization (GPS, Galileo, GLONASS, Beidou, etc.)
2. PTP / IEEE 1588 (Precision Time Protocol)
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ADVANTAGES

High absolute accuracy: GNSS provides very precise timing = ideal for SEN
requirements in DAB+.

Independence from the IP network: Each transmitter receives its timing directly from
satellites, so timing quality does not depend on network traffic or jitter.

Simple deployment: Only requires a GNSS antenna, receiver, and sky visibility—no
need to modify network infrastructure.

Standardized and widely used: Well-established approach in broadcast networks;
equipment is very mature and interoperable.

DISADVANTAGES

Dependency on satellite visibility: Poor antenna placement, urban canyons, or indoor
installations can degrade timing quality or cause loss of lock.

Vulnerability to interference: GNSS signals are weak and can be affected by jamming,

spoofing, or environmental noise.

No centralized control: Each site is independent, making it harder to detect timing drift
or faults until they affect service.
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ADVANTAGES

Centralized timing distribution: A single grandmaster clock can serve many
transmitters, simplifying monitoring and maintenance.

No need for satellite antennas: Useful for indoor sites or locations with poor GNSS
reception.

Resistant to GNSS outages: If GNSS is jammed or unavailable, a PTP infrastructure
can still maintain synchronization (as long as the grandmaster has a stable source).

DISADVANTAGES

Requires PTP-capable network infrastructure: Switches and routers must support PTP
(boundary or transparent clocks), often requiring upgrades.

Sensitive to network congestion: Packet delay variation (PDV) can degrade timing
accuracy if QoS is not carefully managed.

Single point of failure: If the grandmaster clock fails (and there is no redundant backup),
the whole network may lose synchronization.

Traditionally, PTP based solutions used to provide lower absolute accuracy
compared to GNSS (depending on network quality), although newer solutions (ex: White
Rabbit) are leading to accuracies similar to the GNSS based solutions = but this normally

implies to re-adapt the current network infrastructure.
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Higher concern about Synchronisation topic

In the recent years, the global geopolitical scenario and some events have raised
the concerns about the criticality of the Synchronization topic, among them:

0 GPS Week Number Rollover event (6" April 2019)

April

2019

[ Detection of a relevant increase in the number of malicious attacks to
Synchronization systems

0 Jamming

O Spoofing




The GPS week number rollover is an event that
happens because GPS time stores the week o
number in only 10 bits, which allows values from =
0 to 1023 (~19.7 years) -

The GPS week number rollover happens when
the GPS week counter wraps around and
restarts from 0 because it has run out of bits.

CONSEQUENCES: If a receiver is not designed to handle the rollover, it may interpret the
week number incorrectly - causing timestamp errors - errors on SFN networks.

The GPS Week Number Rollover has happened twice so far:

O 1st GPS Week Rollover: Date: August 21-22, 1999

0 2nd GPS Week Rollover: Date: April 6-7, 2019 - Some network operators who were
depending only on GPS system suffered outages and others had to prepare the
network in the last minute to avoid failures on WNR date.

O Next rollover: Expected around 2038 (another 1024 weeks after 2019).
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GNSS receivers and infrastructure can face several types of malicious attacks. These
attacks aim to disrupt, deceive, or degrade navigation and timing services.

%% 1. Jamming: Objective is to block or interfere the GNSS signals.

* By transmitting noise or strong signals on the same GNSS
frequencies - It can cause problems on the GNSS receivers at the
transmitting sites from acquiring satellites - hence causing loss of
SFN synchronization.

Not all jamming is deliberate: Example: Faulty electronics /
Malfunctioning transmitters / Overlapping communication / High-
power equipment nearby

%% 2. Spoofing: Objective is to “Fool” the receiver with fake satellite
signals.

*It is more sophisticated than jamming

* It is normally harder to be detected

* It can mislead the receiver into calculating a wrong position or time
= hence causing loss of SFN synchronization.

Satellite 1

GNSS
Spoofer

Satellite 2 Satellite 3

Satellite i

> PP ﬁﬂ!@ . 4
el 2 =

GNSS Timing
receiver

— Real signal
—» Spoofing signal
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NEW FEATURES INCLUDED
ON MORE MODERN SYNCHRONIZATION DEVICE




>

>

Including GNSS receivers supporting MULTI-CONSTELLATION

Including GNSS receivers supporting MULTI-BAND

r \"\/"';-'
¢ A
W

GPS

Multi-Constellation
»
.\\\‘ > e 4 ¥
GLOMNASS BeiDou Galileo

|
Multi-Frequency

\‘_.

Baseband
[ RF Front-end ] { Pracassar

GNSS Receiver ‘

Including GNSS receivers with JAMMING & SPOOFING detection
Including GNSS receivers supporting AUGMENTATION SYSTEMS
Synchronization devices including both GNSS receivers and also PTP support
Synchronization devices including with REDUNDANT ARCHITECTURES
Synchronization devices including improved monitoring capabilities
Transmitters including a high performance holdover
Usage of antijamming and antispoofing GNSS antennas
Others...

TV BROADCASTING PRODUCTS & SOLUTIONS 15
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Older GNSS receiver were just GPS receivers or GPS and
GLONASS - Nowadays the most modern GNSS receivers
are able to operate with multiple constellations (GPS + Galileo
+ GLONASS + Beidou).

Multiconstellation GNSS receivers (GPS + Galileo + GLONASS + BeiDou) - bring a higher
reliability for SFN synchronization because:

1) Seeing more Satellites 2> Better Timing Stability

Using multiple constellations increases the number of visible satellites. And by “seeing” more
satellites = reduces timing jitter & more accurate timing & also, if some satellites are
obstructed, timing still works = implies a more stable and accurate timing across all TX

2) Seeing more constellations - Higher Availability in Urban or Challenging Sites
Transmitters operating in SFNs may be located in valleys, near buildings, on shared towers with
interference.

So, Multiconstellation GNSS can maintain timing lock even when:

« a specific constellation has low elevation
« parts of the sky are blocked

Important for SFN as transmitters can stay synch even in partially obstructed environments.
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3) Operating with several constellations - Better Robustness Against Jamming / Spoofing

If one constellation experiences interference, the receiver can:
e continue using other GNSS constellations
» cross-check timing integrity between systems

This improves reliability & reduces the risk of transmitter drift or failure due to GNSS disruptions.

4) Able to operate with several constellations = Improved Signal Diversity

Each constellation uses different:
« frequencies

» codes

* orbital patterns

So, this diversity helps to:
* reduce multipath effects
 improve position/time estimation robustness

* detect anomalies in individual systems

All this helps to get a cleaner and more stable timing lock

TV BROADCASTING PRODUCTS & SOLUTIONS 17 I edess



MULTIBAND
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GPS bands ARNS: Aviation Radio Navigation Service

0 GLONASS bands RNSS: Radio Navigation Satellite Service

- GALILEO bands SAR: Search and Rescue

| GALILEO SAR downlink

| BeiDou

Each Constellation (GPS, GLONASS, Galileo, Beidou) transmits in several frequency bands:

Example GPS bands L1, L2 and L5. “"‘"




Multiband GNSS receivers reduce timing errors and improve signal robustness 2>
leading to a more reliable for SFN synchronization.

1) Multiband GNSS receivers - Reduction of errors derived from lonospheric Delay
The largest source of GPS timing inaccuracy is the ionosphere, which delays the L1 signal.

» Asingle-band GPS receiver cannot correct ionospheric delays well - leading to
timing offsets - potentially leading to interference between transmitters.

= But a Multiband GNSS receiver (e.g., L1 +L2or L1 +L50oreven L1+ L2+ L5) 2 can
“measure” the ionospheric delay directly by comparing how different frequencies
propagate - eliminates most of these errors = improving synchronization

2) Multiband GNSS receivers = More Resilient Against Multipath & Urban Interference
Different GPS frequencies behave differently when bouncing off buildings or terrain.

Multiband receivers can detect and mitigate multipath by comparing frequency behavior 2>
This helps SFN performance (timing stability) in cities or hilly regions

TV BROADCASTING PRODUCTS & SOLUTIONS 19 I edess



3) Multiband GNSS receivers - Improved Availability and Reliability

Because if one band becomes degraded (e.g., L1 is suffering any jamming, interference,
heavy ionospheric activity) - the receiver can still lock onto L2/L5 - and consequently,
Transmitters can stay synchronized even in challenging RF environments.

4) Higher Timing Precision (More Signals + Modern Codes)

Newer bands like L5 use:

 Higher chip rates

 Cleaner signal structures

 Stronger error correction

This results in sharper timing measurements, ideal for networks that depend on precise
phase alignment.

TV BROADCASTING PRODUCTS & SOLUTIONS 20 I edess



SYNCHRONIZATION DEVICES SUPORTING BOTH GNSS
RECEIVERS AND PTP PROTOCOLS (MASTER & SLAVE)

Modern synchronization devices are able to discipline the internal OCXO based on
different possible input sources:

» Single or Redundant GNSS receivers
= PTP protocol
= External 1PPS and/or 10MHz inputs

So the synchronization device at the transmitting site is able to switch from one
source of synchronization to the other whenever a certain problem is found in the
original source being used.

External 2 x redundant
1pps input  GNSS receivers

DLLLAGG : « -
m;mtpppmpgmq > ¢

Redundant PS 2x (10+1) Pairs of Vo
(AC or DC) Ethernet 1PPS and 10MHz outputs Relays

e




Synchronization
Module 1

tchin
GNSS Receiver Time only fix Switching

ANiCrmes  SATELLITES CONSTELL. OCXO

Synchronized

=
o
B
2
B
3
&

Synchronization
Module 2
GHSS Receiver = Time only fix -

ANTENNA  SATELLITES CONSTELL OCX0

Synchronized 1PPS 10MHz
Ll mal

PTP External 2 x redundant
1pps input  GNSS receivers

Redundant PS 22X (10+1) Pairs of o
(AC or DC) Ethernet 1PPS and 10MHz outputs Relays

Example: TRedess MGNSS Clock Reference




SBAS stands for Satellite-Based Augmentation System.

lonosphere cause signal diffraction on GNSS signals.

So, SBAS systems allow the GNSS receivers to receive signals not only from the
GPS/GLONAS/ Galileo/Beidoo satellites but also signal corrections from GEO
satellites - this helps to improve the position accuracy, integrity, and availability of GNSS

signals.

How SBAS improves the GNSS position accuracy

1
2

3
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lonosphere causes signal diffraction

lonospheric impact measured by reference stations
and transmitted to master station

Master station uploads SBAS corrections to satellites

Distributed SBAS data over satellites reduces
the positioning error of the GNSS receiver

2
Master
station
()]
eblux
SBAS and enhanced position accuracy



REDUNDANT SYSTEMS

In order to improve the reliability of the Synchronization part of the systems - Modern
synchronization devices count with optional redundant architectures in order to increase
the reliability of the SFN Synchronization System:
» Single or Redundant GNSS receiver

» With Single or Redundant Power Supplies

» With Hot Swap Modules for easy operation

» With Seamless Switching




Modern DAB+ transmitters and synchronization devices include additional monitoring
mechanisms in order to determine if the synchronization sources are valid.

Most relevant monitoring mechanisms:

>

>
>
>

Detection of jamming and spoofing attacks.

Detection of inconsistencies related to the equipment's date and time.

Detection of inconsistencies related to the installed equipment's geolocation.
Detection of anomalies related to the position of the PPS used in OCXO adjustment and
in the generation of the internally used time reference.

All these checks can help to conclude that the current input source of synchronization
is invalid & and consequently, some actions can be taken to prevent SFN errors:

» Switch to other valid synchronization sources
» And/or a transition to a holdover state

» Or mute the output of the transmitter

TV BROADCASTING PRODUCTS & SOLUTIONS 25 I edess



« Example: Internal Monitoring tool for TRedess MGNSS units

Short & Long term
P A | evolution of performance
n s | | gl;ix.f‘w.s‘m“amr it = & internal operating
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W - synchronization signals
health
- PPS offset
- OCXO voltage adjustment
- Number of satellite visibility
I -l - CNO
‘LL;; = ;%@,;;W,\;;ﬁk-;;;;;;ﬁﬁm,ﬂvm;u;;;;@;m ‘Kﬁmﬁv;;m;:‘,ﬂ‘ - e t C

Very useful graphical tool (possibility to export values in to other formats) for
troubleshooting and for proactive health checks.
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Modularity and Scalability.

Hot-swappable modules:

+ Redundant GNSS receivers.

+ Redundant high stability and low noise OCX0Os.

+ Redundant Power Supplies (AC/AC and AC/DC).

Highly flexible synchronization sources
configuration.

Multiple outputs: 10 + 1 pairs of 10MHz and
1PPS outputs.

Seamless switching for 10MHz & 1PPS outputs.

Advanced GNSS receiver features:

« Concurrent multi-constellation (GPS, Galileo,
GLONASS, BeiDou) and SBAS operation.

+ Concurrent multiband (L1 + L2) operation.

« Tracking up to 184 satellites at the same time.

+ Built-in security for highest robustness against
malicious attacks (jamming & spoofing).

NTP and PTP clock functionalities: Boundary

clock, Grandmaster and Slave according to
IEEE 1588 v2.

TV BROADCASTING PRODUCTS & SOLUTIONS
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Totally modular
solution: Hot-pluggable
modules accessible
from front panel.

Responsive and
intuitive WEEB GUI

interface.
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SOME ADDITIONAL NOTES .




O Gain Margin 30dB (capable of cancelling echos
30db higher than the receiving signal)

a Multiple Cancellation Windows
a Doppler Effect cancellation
a Very low MER degradation

O Very Fast processing time > SFN GAP
FILLERS DO NOT NEED TO COUNT WITH A
GNSS RECEIVER

DAB+ SFN Gapfillers

O In case of a renovation of the GNSS
receiver at a transmitter site, it is important
also to select and renew the older GNSS
antena so the antena can also support hte
Modern features that are included in the
GNSS receiver:

d Example: Multiband / Multiconstelation /
Anti Jamming antennas




Digital Audio Broadcasting (DAB) networks are considered strategical infrastructures in most
countries

When DAB+ network is opearating in SFN, the entire network is dependant on the
Synchronization System.

Current geopolitical situation and recent events have raised the concern about the
Synchronization topic.

Higher number of malicious attacks to Synchronization systems have been detected in the
recent years.

But modern Synchronization devices and DAB+ transmitters include some newer features
and also some techniques can be applied with aim to increase the reliability of the networks
and to respond to the increasing number of threats.

» Use of Multiband GNSS receivers and antennas

» Use of Multiconstellation GNSS receivers and antennas

» Use of GNSS receivers with Jamming and Spoofing detection

» Use of antijamming & antispoofing GNSS antenas

» Synchronization Devices also capable of supporting both GNSS and PTP.
» Eftc..

FooTeT 32 T edess



TRedess 2010 S.L.

Volta do Castro, s/n

15706 - Santiago de Compostela
Spain

www.tredess.com

+34 981 534 203
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