e NETW RKS

\

The Determlnlstlc Fabrlc

Transitioning the 5G/6G Core from Reactive
Routing to Mathematical Certainty.




The $100B Spectrum Investment vs. The Laws of Physics
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THE INVESTMENT | C: Maximum capacity of the link.
_ : : | B: Bandwidth (frequency pipe width).
Tier-1 carriers have committed over | : : . , GO :
S/N: Signal-to-Noise Ratlio (transmission clarity).
$100 billion to C-band, mmWave, and | Mgt : 2
mid-band spectrum acquisitions to | THE PHYSICAL LIMIT
power the 5G and 6G eras.
The Shannon-Hartley Theorem represents the £
absolute speed limit of the air. Even with infinite
budget, we cannot bypass this mathematical ceiling.
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g THE CRISIS: We are failing to achieve this theoretical
e 0 " spectral yield not because of physical limits, but

because of a 40-year-old software bottleneck.




The Structural Mismatch

The Mismatch Funnel

- — The Bottleneck:
Buffer Bloat
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DOMAIN Wired Backhaul (Fiber) /jf Wireless Edge (Air Interface) —
Characteristics High-speed, stable, predictable Volatile, transient, mobility-affected
Data Flow Delivers massive, rapid Microbursts Relies on narrow, fragile radio waves

THE RESULT: When stable fiber dumps microbursts into volatile air, data piles up at the gNodeB's PDCP layer. J




The TCP Penalty: A Reactive Protocol in a Volatile Medium
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The Sawtooth Crash
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Blind and Reactive X
Traditional TCP/IP was designed for stable wired circuits.
It acts as a trial-and-error driver, pushing data until a
packet drops, then aggressively halving its speed. J
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The AIMD Sawtooth i
Additive Increase/Multiplicative Decrease causes
endless cycles of acceleration and abrupt failure. J
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The Buffer Bloat Crisis o
When fiber hits the gNodeB faster than the RF can clear
it, buffers overflow.
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The Economic Cost ks

This triggers a retransmission storm. The network wastes
critical energy and spectrum sending the identical data
twice, artificially capping the ROI of the airwaves. /‘




The Protocol Collision

Dimension

Congestion Control

Buffer State

Flow Style

Resource Utilization

Legacy TCP

Reactive
(Responds blindly to packet loss & delay)

High / Bloated
(Congested PDCP layer queues)

AIMD Sawtooth V'

(Aggressive, erratic window halving)

Sub-optimal

(Up to 20% wasted on retransmissions)
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Predictive PTCP

o

Predictive
(Anticipates RF state shifts mathematically)

Eliminated
(Empty PDCP buffers)

Deterministic Pacing v

(Smooth, predictive flow control)

Maximum Spectral Yield %

(Guaranteed first-pass delivery)




The Predictive Tensor Control Plane (PTCP)

Seamless integration into Ericsson and Nokia 5G SA topologies without breaking 3GPP standards.
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1. Top Layer: The Out-of-Band Orchestrator (Control Plane)
| APl Ingest | |
nges
| SMF Colocated Deployed as a Kubernetes cluster alongside the SMF. Ingests |
standard API telemetry to identify QoS Flow |dentifiers (QFls) and |
N Network Slices. |
Tensor Gold ﬂ e e T T it =i < _J
Data Lines
UPF Worker Node v AN
| In-Kernel éBPF 2. Middle Layer: The In-Kernel eBPF UPF Agent (Data Plane) |
| 0(1) Execution
The PTCP Go daemon installed directly on UPF worker nodes.
Accelerated by SmartNICs/DPUs for O(1) line-rate execution.
. SmartNIC/DPU :
Component L &
N3 Interface 7 ¥ \
GTP-U Intercept 3. Bottom Layer: The Physical Intercept (N3 Interface) Q—r
Traffic Control

Intercepts downstream GTP-U encapsulated packets at the Traffic

_. e Control (TC) layer before they hit the gNodeB.
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State Federation: Planetary-Scale Determinism

| THE CHALLENGE

continental footprint creates
a massive state explosion
that traditionally chokes

cross-link bandwidth.
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Orchestrating traffic across a e |

r THE MATHEMATICAL KEY

Singular Value Decomposition (SVD).

PTCP utilizes SVD to compress complex
network state tensors into high-fidelity,
ultra-low-bandwidth mathematical
representations.
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" THE OUTCOME

Disparate regional cores
synchronize their predictive
traffic horizons.

The entire national network acts
as a unified, coordinated brain,
anticipating microbursts before
they hit the volatile edge.
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The UPF as the Deterministic Heartbeat

In 5G SA, the UPF transitions from a passive data forwarder to an intelligent actuator. /“‘z

|1+ - UPF Node

Earliest Departure Time (EDT) Timeline

t=10ps t=20us t=30us t=40ps t=50ps

Perfectly Spaced Downlink Packets
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1. Real-Time CQIl Ingestion: 2. Pattern-of-Life Tensor Train (PoL-TT): 3. Earliest Departure Time
Continuous monitoring Calculating the exact N (EDT) Scheduling: ®
of Channel Quality (('i JD—a- tM3 mathematical capacity M = UEVT “ﬁ% downlink packets so )
Indicators and local A mr | of the air interface at a K , 0}@ they are perfectly —
RF environments. | microsecond level. R interleaved. ’ i

s A

Carriers can safely drive core optical networks at 85% to 90% utilization.

m - [ THE BACKHAUL BENEFIT: Because data is perfectly paced, mid-span routers require zero buffering. ]
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