Lira-VPN Architecture

Next-Generation Resilient Tunneling for Unreliable & High-Latency Networks

Executive Technical Overview

Traditional virtual private network (VPN) architectures assume stable, low-latency transport links. In real-
world enterprise deployments—spanning maritime fleets, remote industrial sites, cellular mobility, and
satellite backhauls—frequent link drops, severe packet loss, and aggressive NAT re-bindings cause
standard TCP and UDP tunnels to stall or disconnect. Lira-VPN is engineered from the ground up to solve
these infrastructural bottlenecks, offering unbroken session persistence and intelligent packet recovery.

Core Architectural Pillars

UDP-Based Multiplexing

Encapsulates all traffic over custom high-efficiency
UDP datagrams, bypassing TCP meltdown and
head-of-line blocking under heavy congestion.

Dynamic Forward Error Correction (FEC)

Injects adjustable parity packets in real time based
on active link loss telemetry, repairing lost packets
instantly without round-trip retransmission delay.

Data Path & Packet Flow Architecture

Seamless Connection Migration

Allows client endpoints to switch networks
instantly (e.g., Wi-Fi to 5G cellular) without tearing
down existing encrypted application sessions or re-
authenticating.

Stateless Cryptographic Handshake

Utilizes advanced elliptical-curve primitives
(Curve25519) combined with ChaCha20-Poly1305
encryption to ensure ultra-low overhead and
instant session resumption.
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Adaptive Loss Mitigator & State Sync

Lira-VPN Gateway Cluster Decapsulated
—_— Enterprise Core
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Suitability for Unreliable Networks

Deploying traditional VPNs over high-jitter satellite links (LEO/GEO) or congested rural cellular towers
typically results in frequent timeouts because TCP retransmission timers overlap with high round-trip
times (RTT). Lira-VPN decouples transport reliability from application streams:

* Adaptive Keep-Alive Tuning: Dynamically adjusts heartbeat intervals based on network state,
preventing NAT state expiration without wasting precious bandwidth on dead links.

+ Out-of-Order Packet Buffering: Re-sequences packets efficiently at the destination gateway, tolerating
path jitter up to 1,200ms without packet corruption.

* Multipath Bonding Support: Aggregates concurrent links (e.g., dual 5G + Starlink) to dynamically shift
traffic to the healthiest path with zero packet loss during transition.

Comparative Performance Matrix

Architectural Metric Standard IPsec VPN WireGuard Protocol Lira-VPN Architecture

Handoff Speed

3.5s - 10s (Full Re-auth) 0.5s - 2.0s (Fast Rekey) Instant (< 50ms)
(Cellular)
. 0 . -
packet Loss Tolerance Degrades heavily at >3% Moderate drops under High (Up to 35% via
loss jitter FEC)
High-Latency Stalls due to TCP/UDP Sensitive to severe Optimized
Performance timeouts packet delay (Configurable RTT)
NAT Be-blndlng Requires manual/delayed Good (thh persistent Native State Tracking
Resilience reconnect keepalive)
Cryptographic High (IKEV2 / AES-GCM) Extremely Low Optimized Low
Overhead (ChaCha20) Overhead
Technical Deployment Specifications
<1.2ms AES-256 / ChaCha20 IPv4 / IPv6 / Dual
Gateway Processing Latency Cipher Suite Standard Network Stack Support

Summary for Enterprise Architects

Lira-VPN bridges the gap between stringent enterprise security and extreme physical network instability.
By combining cryptographic agility with adaptive forward error correction and seamless connection
migration, it ensures mission-critical operations remain online regardless of physical infrastructure
volatility.
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