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Empowering the NewSpace Era:

Engineering the Next-Generation Multi-Orbit Ground
Segment

Executive Summary

The NewSpace revolution is defined by the proliferation of mega-constellations across Low
Earth Orbit (LEO) and Medium Earth Orbit (MEO), operating alongside legacy Geostationary
(GEO) assets. While these multi-orbit constellations promise unprecedented global coverage,
low latency, and high throughput, they place an immense burden on the ground segment.

To unlock the true potential of NewSpace, the ground segment must evolve from rigid,
hardware-centric architectures to dynamic, intelligent, and software-defined ecosystems. This
paper explores the critical technical considerations of this transition, focusing on multi-orbit
antenna design, the architectural shift from discrete RF chains to integrated transceivers, and
the role of software-defined components in enabling seamless, scalable connectivity.

1. Technical Considerations in Multi-Orbit Antenna Design

Designing a single aperture capable of communicating across LEO, MEO, and GEO orbits
introduces a number of engineering challenges. Traditional parabolic dishes are capable of
tracking a single satellite in LEO but are relatively slow at tracking back to the next satellite.
Multi-orbit constellations require a shift toward fast satellite switching or multi beam terminals
capable of tracking multiple satellites simultaneously. Multi-orbit antennas must also operate
across a wide elevation range while supporting differing tracking behaviours.

Beam Steering and Tracking Dynamics

A multi-orbit antenna must seamlessly transition between tracking a slow-moving GEO
satellite, a moderately paced MEO satellite, and a fast-moving LEO satellite (v = 7.5km/s).

Mechanically steering parabolic antennas are perfectly capable of achieving this kind of
tracking, but if the network requires make before break (MBB) then a terminal will have to
double up on the number of reflectors and if in a break before make (BBM) network the
switching time between satellites is determined by the antenna slew rate and the distance
between satellites. It is a challenge to keep this time under a few seconds.

An Electronically Steered Array (ESA) would seem to be the answer for such networks, with
very fast beam switching time (usually <ImS) they can overcome the issues that traditional
parabolic antennas may have. ESAs present a different set of problems for a true multi orbit
ground terminal.
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ESAs suffer from gain degradation (scan loss) as the beam points away from the boresight
(broadside). At wide scan angles (6), scan loss typically follows a cos"(8) relationship (where 1.3
<n<2).

Polarization Tracking

Satellites in different orbits utilize varying polarization schemes (e.g., Right-Hand Circular
Polarization (RHCP), Left-Hand Circular Polarization (LHCP), or linear polarization).

e An effective multi-orbit antenna must feature dynamic polarization control.

e In Parabolic antennas this is either achieved with 4 port feeds and double up of RF
components or electromechanical switching of the polarizer. For ESAs, this is achieved
by integrating dual-polarized radiating elements controlled by digital phase shifters and
variable attenuators, allowing the polarization to be switched or continuously adjusted in
software without mechanical adjustments.

G/T and EIRP Requirements

The link budgets for LEO and GEO are vastly different due to free-space path loss (FSPL),
which scales with the square of the distance (d):

2
FSPL = (?)

GEO satellites are ~ 35,786km away and LEO satellites are only ~ 500 - 1,200km away, the
space loss difference is ~30dB, the antenna must dynamically manage its Figure of Merit (G/T)
and Equivalent Isotropically Radiated Power (EIRP).

e LEO: Requires rapid beam agility and moderate power.
e GEO: Requires high directive gain, necessitating larger aperture sizes or concentrated
beam-forming networks.
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2. RF Front-Ends: Integrated Transceivers vs. Discrete
Components

In traditional ground stations, RF front-ends are built using discrete components: individual
Polarizers, OMT, diplexers, LNB and SSPB, which can be large, heavy and challenging to mount.
A Transceiver has all the discrete components integrated into a single well-matched unit and
invariably offers better performance (less loss at transition between elements) and are
generally smaller and lighter than the discrete equivalent. Transceivers offer a wide range of
power output with variable gain, and the high dynamic range of the receiver meet the
challenge of multi orbit operations.

Transceivers modules are ideal for integration into ESA’s as they offer full RF bandwidth with
large instantaneous bandwidth, benefitting from volume production.

The Role of Integrated Radio Frequency Integrated Circuits (RFIC) in Multi-
Orbit Environments

Multi-orbit terminals must operate across multiple frequency bands (primarily Ku and Ka-
band) and handle wide instantaneous bandwidths. Integrated Radio Frequency Integrated
Circuits (RFICs):

1. Direct RF Sampling and Digital Up/Downconversion (DUC/DDC): Modern transceivers
digitize signals closer to the antenna. By eliminating analog intermediate frequency (IF)
stages, they reduce noise, phase noise degradation, and susceptibility to environmental
temperature fluctuations.

2. Phase Synchronization for Beamforming: In phased-array ESAs, thousands of antenna
elements must be precisely phase-aligned. Integrated transceivers provide built-in
multichip synchronization (MCS) algorithms, allowing deterministic phase alignment
across massive arrays.

3. The Power of Software-Defined Ground Components

A hardware-defined ground segment is a single network device; in general, it has a single
modem capable if a single waveform or waveform type. It is expensive (multiple modems) to
adapt to multiple networks, security protocols, and is can be large and heavy. Software-
defined ground components—namely Software-Defined Radios (SDRs) and Virtualized
Baseband Processing—shift the complexity from custom hardware to flexible software.

Dynamic Resource Allocation and Orbits-on-the-Fly
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A multi-orbit terminal must switch between different satellite operator networks, each using
proprietary waveforms (e.g., DVB-S2X, custom TDMA, or proprietary military standards).

e With SDRs, changing a waveform is as simple as loading a different software container or
FPGA image.

e Virtual Network Functions (VNFs) allow baseband modulation and demodulation to run
on standard commercial-off-the-shelf hardware in the cloud or at the edge.

Scalability and Virtualization

As terminal numbers scale into the hundreds of thousands to support consumer and
enterprise NewSpace demands, physical hub infrastructure becomes a bottleneck.

e Digital IF (such as the DIFI standard - IEEE 4900): Digitizes the analog L-band signal
directly at the antenna and packetizes it into IP packets. This decoupling of the physical
antenna from the modem allows baseband processing to be centralized in a cloud data
centre, enabling elastic scaling.
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4. Best Practices for Formulating a Multi-Orbit Ground
Segment

Drawing from R&D processes and field deployments of next-generation antenna systems, we
have established several technical best practices for operators and developers:

1. Prioritize Modularity: Instead of designing a single monolithic antenna, utilize modular,
scalable elements that allows the same fundamental RF/transceiver block to scale from
small terminals to large enterprise gateways.

2. Embrace Direct Conversion: Baseband to RF direct conversion is a reality and offsets
gain slope, and circuit complexity.

3. Implement Open Standards (DIFI): Avoid vendor lock-in. Ensure all digital IF interfaces
comply with the DIFI consortium standard to guarantee interoperability between
different antenna front-ends and virtualized modems.

4. Incorporate Machine Learning for Predictive Handover: Use predictive orbital mechanics
models (TLEs) combined with local RF sensing to calculate optimal handover windows.
This minimizes packet loss during LEO-to-LEO and LEO-to-MEO switches.

Conclusion

The potential of NewSpace cannot be realized with old-world ground infrastructure. By
adopting multi-orbit antennas, leveraging the power and footprint efficiencies of highly
integrated transceivers, and virtualizing the baseband via software-defined architectures,
ground segment engineers can deliver a resilient, scalable network. This dynamic ground
ecosystem will not only support the mega-constellations of today but will scale to meet the
demands of tomorrow's space economy.
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