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Executive Summary

5G NTN extends the 3GPP ecosystem beyond towers by using satellites and aerial platforms as
access nodes, then integrating that access into terrestrial core networks via gateways. The result
is coverage continuity for messaging, voice, low-rate data, and loT telemetry across remote,
rural, maritime, and aviation environments, plus resiliency when terrestrial infrastructure is
compromised.

1. NTN architecture model (system-of-systems)

NTN is best understood as a system-of-systems consisting of (a) a non-terrestrial access
segment, (b) a gateway/transport segment that injects traffic into operator networks, and (c)
terrestrial core functions that enforce identity, policy, and QoS.

Core building blocks:
- Space segment: satellites in LEO/MEO/GEO providing beam-based coverage.

- Aerial segment: HAPS and UAV platforms that provide regional or temporary access and
specialized links.

- Ground segment: gateways/earth stations, transport/backhaul, and 3GPP core interworking.

- Terminals: UE (consumer/industrial devices) and higher-gain terminals depending on service
class.

2. Link types and traffic paths

Service link (access). The RF path between the NTN platform and the terminal. This is where user
experience is set: coverage, latency, throughput, availability, and power draw.



Feeder link (transport). The RF/transport path between the NTN platform and the
gateway/earth station. This is where capacity, routing stability, and integration quality are set.

Two canonical end-to-end paths: (A) Direct-to-device (UE attaches over NTN), and (B) NTN
backhaul (a remote access site uses NTN as transport into the core).

3. Service modes: NTN-loT vs NTN-NR (direct-to-device)

NTN-loT focuses on low data rate, long battery life, and high coverage probability. It targets
telemetry, sensing, and tracking at a global scale. NTN-NR extends 5G NR service continuity to
broader device classes (including reduced capability profiles such as RedCap), enabling
messaging/voice and selective data services where terrestrial coverage is missing.

4. NTN optimization: what you can tune (and why it matters)

Optimization in NTN is the disciplined process of improving coverage probability, session
continuity, and effective capacity under constraints (orbit geometry, spectrum, terminal
size/power, and gateway visibility). Because the access node may move (especially LEO),
optimization must account for time-varying geometry, Doppler, and beam transitions.

4.1 Access-layer optimization levers (service link)

- Beam planning and beam-edge control: manage overlap, minimize edge-of-beam failures, and
stabilize SINR near boundaries.

- Link adaptation strategy: tune MCS selection and fallback thresholds for high availability vs
peak throughput tradeoffs.

- Power control and uplink budgeting: protect the terminal battery while maintaining uplink
reliability; avoid oscillation under fast geometry change.

- Handover policy: define beam/satellite transition triggers, hysteresis, and failure recovery
timers to reduce ping-pong and drops.

- Terminal orientation and environment: account for body loss, vehicle attenuation, and indoor
penetration; use placement guidance and antenna diversity where possible.

4.2 Transport/core optimization levers (feeder link + core)
- Gateway diversity: multiple gateways reduce visibility gaps and improve resilience.

- Traffic steering and policy: map services to QoS classes and route intelligently between
terrestrial and NTN paths.

- Latency-aware application profiles: select protocols and retransmission behavior appropriate
to orbit latency.



- Congestion control strategy: tune buffers where needed to avoid bufferbloat and excessive
RTT inflation.

- Operational telemetry: instrument gateway/core KPIs so you can differentiate RF fades from
routing/policy failures.

4.3 What to measure (optimization KPIs)

- Coverage probability: percent time a terminal meets minimum thresholds for the target
service.

- Attach success and time-to-attach: initial access reliability and speed.

- Session continuity: drop rate, handover success rate, recovery time after fades.
- Effective throughput: user goodput under real conditions (not just PHY rate).

- Latency distribution: p50/p95/p99 RTT for key service types.

- Battery impact: power draw per successful message/transaction for loT terminals.

5. loT strategies over NTN: design patterns that work

NTN-loT succeeds when systems are designed for intermittent visibility, variable latency, and
strict energy budgets. The following strategies are practical patterns for building robust loT
solutions over NTN.

5.1 Device strategy
- Energy-first design: optimize duty cycle; batch transmissions; avoid chatty protocols.

- Store-and-forward buffering: queue data locally when links are unavailable; transmit when link
quality crosses a threshold.

- Adaptive reporting: change report interval based on motion, geofence events, alarms, and
battery state.

- Priority tiers: separate critical alerts from routine telemetry; send alerts first with higher
robustness.

- Security by default: device identity, key rotation, signed firmware, and secure boot; avoid static
credentials.

5.2 Network/application strategy

- Protocol choices aligned to latency: prefer lightweight payloads; minimize handshake
overhead; use acknowledgements sparingly.



- Compression and schema discipline: fixed schemas and compact encodings reduce airtime and
cost.

- Edge intelligence: compute events at the edge and transmit only deltas or exceptions.

- Hybrid routing: use terrestrial when available; fall back to NTN; maintain consistent identifiers
and state machines.

- Observability: correlate device logs, gateway logs, and core KPIs to isolate RF vs transport vs
application faults.

5.3 High-value NTN-loT use cases and how to structure them

- Asset tracking: send location and state changes as event-driven messages; use periodic
heartbeat only as needed.

- Agriculture and remote sensing: batch sensor readings; transmit summaries; escalate
anomalies.

- Disaster response: define emergency modes with reduced payloads and higher robustness;
pre-provision device identity and roaming policies.

- Maritime/aviation monitoring: prioritize safety telemetry; use higher-gain terminals when
higher availability is required.

- Industrial remote monitoring: combine local mesh plus NTN backhaul; keep NTN airtime for
upstream summaries and alarms.

6. A simple implementation playbook (from pilot to scale)

- Define the service class: messaging, telemetry, backhaul, voice - each has different KPI targets.

- Pick the terminal profile: UE vs higher-gain terminal; indoor/vehicle expectations; antenna
constraints.

- Design the data model: schema, compression, priority levels, retry policy, and security.

- Plan coverage reality: include geography, elevation angle constraints, and visibility windows if
applicable.

- Run a KPI-based pilot: measure attach, continuity, goodput, latency distribution, and power-
per-message.

- Optimize and harden: tune handover thresholds, reporting cadence, buffering, and gateway
diversity.

- Scale with observability: dashboards and incident playbooks tied to KPls.



Glossary

- NTN: Non-terrestrial network integrated with 3GPP systems.

- LEO/MEO/GEOQ: Orbit regimes (low/medium/geostationary).

- HAPS: High-Altitude Platform System.

- UAV: Uncrewed aerial vehicle.

- Service link: Access link between NTN platform and terminal.

- Feeder link: Transport link between NTN platform and gateway/earth station.

- Gateway/Earth station: Ground node connecting feeder link into terrestrial networks.
- UE: User equipment (device/terminal).

- VSAT: Very Small Aperture Terminal (higher-gain satellite terminal).

- KPI: Key performance indicator used for acceptance and optimization.
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