PREDICTIVE TENSOR
CONTROL PLANE

Bringing Mathematical
Determinism to Low Earth Orbit
Satellite Communications
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The Promise of LEQO

- Low-latency global connectivity
- High-speed backbone
- Ubiquitous coverage

LATENCY: <28ms
THROUGHPUT: >1 Gbps

The Reality at the Edge

- Crippling micro-stalls
= Severe; jitter
- Erratic throughput

- Broken real-time applications .
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The Root Cause is Physics, Not Hardware

________________________
=
-

s
a
-
a =

; Nﬂ'lﬂcj.ty: ”2?,8@9 km,fh
Slant-Range \
Distance Changes | o .
ad - dig —_\

\ Doppler Effects

-18 MHz

f}f“?:"“x\__ Free-Space Path Loss
L, -1.5.2 dB

\ Atmospheric Interference
g ~1.7 MBms

Core Takeaway: Frequent handovers and extreme RF volatility are inherent physical
properties of Low Earth Orbit dynamics, not bugs in the ground modem hardware.




Traditional TCP is an Earth-Bound Protocol
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The Assumption

Traditional TCP/IP assumes relatively
static, unchanging network topologies.

The Mechanism K taseoss >

It is strictly reactive. It relies exclusively
on packet loss and sudden delay spikes as
the only indicators of network congestion.

The Flaw in Space
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TCP cannot visually differentiate between
a routine physical LEO handover or
atmospheric fade and an actual overloaded

network router.
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Throughput

The Sawtooth Collapse of Reactive Protocols

1. Trigger Event: TCP misinterprets a
physical satellite handover or signal
f fade as network congestion.

2. The Reaction: Immediate
congestion window reduction
and forced slow-start

recovery phase.

3. Collateral Damage: Retrans-
mission storms, localized
buffer bloat, and devastated
spectral efficiency.
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In Space, Movement is
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Mathematically Predictable
We do not need to guess network conditions or wait for packet loss. 9
We can leverage the precise physics of orbital mechanics to ¥
mathematically anticipate network capacity before it physically changes. i
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PTCP: Shifting from Reaction to Foresight
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The Paradigm Clash: TCP vs. PTCP

DIMENSION

TRADITIONAL TCP

PTCP ARCHITECTURE

Operating Philosophy
Topology Assumption
Congestion Signal
Handover Style

Jitter Profile

Reactive
Static Ground Links
Dropped Packets & Delay
Break-then-Fix (Slow Start)

High / Buffer Bloating

Proactive Prediction

Hyper-Dynamic Orbital Links

Keplerian Math &
Orbital Ephemeris

Make-Before-Break

Near-Zero




The Anatomy of Mathematical Determinism

Space-to-Silicon
SPACE @,Qé "_3 h TLE: 1 25544U 98067A 23291.50000000. ..
. - TLE: 1 25544U 98067A 23291.50000000. ..
. TLE: 1 25544U 98067A 23291.50090000. ..
Constellations & TLE Data E{%Q_. éﬁ?; TLE: 1 25544U 98867A 23291.50090000. ..

USER-SPACE Lﬁ@l o

Go Orchestrator & Prediction Engine  [°©

Fﬂ

KERNEL-SPACE

. Linux eBPF Data Plane & Hardware

— (<>~ 0010101001016001010119
u 9100010100100100011101

— 9110011101230101010111

- ®101010100001300101111

Trrnt








































