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1. Executive Summary

Push-to-talk (PTT) radio communication remains the backbone of real-time coordination in oil and gas refineries,
chemical manufacturing plants, and industrial processing facilities. For decades, land mobile radio (LMR) systems
built on analog VHF/UHF and digital protocols like DMR and P25 have served this purpose reliably. But as operations
become more complex, workforces more distributed, and safety regulations more demanding, these legacy systems
increasingly struggle to keep pace.

The answer is not to rip out what works. It is to bridge legacy radio infrastructure with modern broadband PTT
platforms—enabling a unified communication layer that spans LMR radios, smartphones, rugged handsets, and
centralized dispatch consoles. This is the concept of PTT radio bridging: a phased, non-disruptive migration path from
legacy to digital communications.

This integration guide provides a vendor-agnostic, technically grounded framework for planning and executing a PTT
radio bridging deployment in hazardous industrial environments. It covers architecture fundamentals, hazardous area
compliance requirements, migration phases, platform considerations, and workforce safety integrations. Whether you
are an Operations Director evaluating options, an IT/OT Manager planning infrastructure, or an HSE Manager
ensuring regulatory compliance, this guide is designed to give you the technical depth you need to make informed
decisions.

"The goal of PTT bridging is not to replace what works—it is to extend it. Legacy radios continue
operating. Digital capabilities layer on top. The field worker notices better coverage, not a technology
swap."
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2. The Industrial PTT Communication Challenge

2.1 Legacy LMR Limitations in Modern Operations

LMR systems have earned their place in industrial operations through decades of proven reliability. A properly
maintained two-way radio system offers sub-second push-to-talk latency, operation in hazardous environments with
intrinsically safe certification, and independence from commercial cellular networks. For many facilities, LMR remains
the primary—and sometimes only—means of real-time voice coordination across the plant floor.

However, the operational demands placed on industrial communications have evolved significantly. Modern oil and
gas facilities and chemical plants face challenges that legacy LMR was not designed to address:

* Coverage gaps in complex topographies: LMR relies on repeaters and line-of-sight propagation. Large
refinery complexes, multi-level process units, underground pipe racks, and remote wellhead locations frequently
create dead zones that repeaters alone cannot resolve.

e Voice-only communication model: LMR is fundamentally a voice communication system. In an era where field
workers need to share photos of equipment conditions, receive digital work permits, and transmit GPS
coordinates during emergencies, the voice-only paradigm is a significant limitation.

e Proprietary device ecosystems: Legacy LMR systems typically lock organizations into a single vendor's radio
hardware. Adding new users or use cases requires purchasing additional proprietary radios, even when a
smartphone with a PTT application might be more appropriate for that role.

e Aging infrastructure and rising maintenance costs: Many industrial LMR systems are 10 to 20+ years old.
Replacement parts are increasingly difficult to source, and tower maintenance costs continue to rise.
Organizations face a growing gap between maintenance budgets and infrastructure reliability.

e Limited safety telemetry: While LMR radios typically include an emergency button, they lack the capability for
automatic man-down detection, GPS-based lone worker monitoring, ambient listening, or real-time location
tracking that modern safety protocols increasingly demand.

2.2 The Cost of Communication Fragmentation

In many industrial facilities, the response to LMR limitations has been fragmentation: some teams use radios, others
use commercial cellular PTT apps, contractors carry their own devices, and dispatch operators manage multiple
disconnected systems. This fragmentation creates real operational risk.

During an emergency such as a gas release, equipment failure, or personnel injury, fragmented communication
means that not all personnel receive alerts simultaneously. Evacuation coordinators cannot confirm the location and
status of every worker. Incident commanders cannot reach contract crews on separate radio systems. The result is
slower response, higher risk, and potential regulatory citations.

PTT radio bridging addresses this fragmentation by creating a single, unified communication layer that interconnects
legacy LMR, broadband PTT, smartphone-based PTT applications, and centralized dispatch—without requiring a
complete infrastructure replacement.
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3. Understanding PTT Bridging Architecture

PTT radio bridging is the technical process of interconnecting disparate push-to-talk systems so that users on
different platforms—whether operating a conventional analog radio, a DMR digital radio, or a smartphone PTT
application—can communicate with each other in real time as if they were on the same system.

3.1 Radio over IP (RolP) Gateway Fundamentals

At the core of most PTT bridging deployments is a Radio over IP (RolP) gateway. The concept is analogous to Voice
over IP (VolP) for telephony: the gateway converts analog or digital radio audio into IP packets for transport over
standard Ethernet, LTE, or private wireless networks. At the destination, the IP packets are decoded back into radio
audio for transmission on the target system.

A typical RolP gateway handles several critical functions:

e Audio transcoding: Converting between different audio codecs used by LMR (e.g., IMBE for P25 Phase |,
AMBE+2 for P25 Phase Il and DMR) and broadband PTT systems (e.g., AMR, Opus, G.711). This codec
translation is essential for intelligible cross-platform voice.

e PTT floor control management: Coordinating the push-to-talk floor across systems with different signaling
mechanisms. LMR uses carrier-operated relay (COR) and sub-audible tone signaling, while broadband PTT
uses SIP-based or MCPTT-standard signaling.

e Talkgroup mapping: Mapping LMR channels and talkgroups to broadband PTT groups so that a transmission
on LMR Channel 3 is simultaneously heard by users in the corresponding broadband PTT talkgroup.

e Network transport: Supporting multiple IP transport protocols including SIP, multicast, and unicast to provide
flexible connectivity to dispatch consoles, PTT servers, and remote gateway locations.

3.2 3GPP Interworking Function (IWF)

For organizations deploying 3GPP-compliant Mission Critical PTT (MCPTT) platforms, the standards body has
defined an Interworking Function (IWF) that provides a standards-based interface between LMR and LTE/5G MCPTT
systems. As specified in 3GPP TS 23.283, the IWF defines three key reference points: IWF-1, the interface between
the IWF and the MCPTT server for voice interoperability; IWF-2, the interface between the IWF and the MCData
server for Short Data Service (SDS) interconnection; and IWF-3, the interface between the IWF and the group
management server for group lifecycle operations.

The IWF approach is particularly relevant for facilities deploying private LTE or 5G networks (e.g., CBRS-based in the
United States), as it ensures that the bridging solution complies with international standards rather than relying on
proprietary interoperability mechanisms. The 3GPP IWF supports interfaces to P25 (via ISSI/CSSI/DFSI), TETRA,
DMR, and analog LMR systems through interworking gateway adapters.

3.3 Unified Architecture Topology

The following diagram illustrates a typical PTT radio bridging architecture for an industrial facility. Legacy LMR
systems on the left connect through a central bridging gateway to broadband PTT platforms on the right, with a
unified dispatch console providing centralized command and control.
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PTT Radio Bridging Architecture - Unified Communications Topology

Legacy LMR Radios Broadband PTT

UHF/VHF Analog & P25 BRIDGING GATEWAY MCPTT / WAVE PTX

RolIP Gateway
3GPP IWF Interface

f Audio Transcoding . )
Analog Repeaters Private 5G / LTE
) Floor Control Mgmt }
Conventional/Trunked CBRS/ Licensed
L SIP / Multicast )
DMR / MOTOTRBO Smartphone / Tablet
Digital Tier II/111 PTT App + Dispatch

Centralized Dispatch Console
Voice Recording | GPS | Man-Down Alerts | Audit Trails

The bridging gateway can be deployed as a physical appliance in the facility's communications room or as a
ruggedized edge device co-located with existing repeater infrastructure. For multi-site operations, gateways at each
location connect over the IP WAN to provide enterprise-wide PTT interoperability.
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4. Hazardous Area Considerations
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In oil and gas refineries, chemical manufacturing plants, and petrochemical facilities, communication devices must
operate safely in the presence of flammable gases, vapors, and combustible dust. This is not a peripheral concern—it
is a fundamental constraint that shapes every aspect of PTT device selection and deployment.

4.1 NEC/IEC Classification Requirements

The National Electrical Code (NEC) in North America and IEC/ATEX standards internationally classify hazardous
locations based on the type of hazardous material present (Class) and the probability of it being present (Division or
Zone). For industrial PTT deployments, the most relevant classifications are shown below.

Hazardous Area Classification & Device Requirements

{ N 7 N\ [
Class I, Div 1 Class I, Div 2 Non-Hazardous
(approx. Zone 0/1) (approx. Zone 2) (General Purpose)
Flammable gases/vapors Flammable gases/vapors No flammable
present continuously not normally present; atmosphere expected
or frequently abnormal conditions only under any conditions
Intrinsically Safe (IS) Non-incendive or IS Standard commercial
ATEX/IECEX certified devices acceptable; devices acceptable;
L devices REQUIRED )L IS recommended JL no special certification

4.2 Device Selection for Classified Locations

Every device brought into a classified hazardous area—including radios, smartphones, batteries, antennas, speaker
microphones, and headsets—must carry the appropriate certification for that area's classification. This is critically
important and commonly misunderstood:

e System-level certification: The certification applies to the complete system as tested. You cannot use a
certified radio with an uncertified battery or third-party accessory and maintain the intrinsic safety rating. Only

manufacturer-specified and co-certified accessories are permitted.

* No charging in hazardous areas: Batteries must never be charged within a classified location. Charging
stations must be located in non-hazardous areas, with battery swaps performed according to established safety
procedures.

* No field modifications: Any physical modification, repair, or tampering with an IS-certified device voids its
certification. Damaged devices must be removed from service immediately.

e Smartphone considerations: When bridging to smartphone-based PTT, the smartphones used in classified
areas must also carry appropriate IS certification (e.g., IS-certified rugged handsets from manufacturers like
Sonim, Pepperl+Fuchs/ecom, or Bartec). Standard consumer smartphones are not permitted in Class | locations

regardless of any protective case used.
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5. Legacy vs. Bridged PTT: Capability Comparison

The following comparison illustrates the operational capabilities gained when bridging legacy LMR with broadband
PTT platforms. The intent is not to diminish the value of LMR—which remains essential for intrinsically safe,
direct-mode, and ultra-reliable voice—but to show how bridging extends capabilities without sacrificing what legacy

infrastructure provides.

Legac

Capability

Coverage Range

Device Flexibility
Hazardous Area
GPS/ Location

Multimedia
Emergency Alerts
Dispatch Integration
Recording / Audit
Scalability
Monthly Cost Model

Legacy LMR Only

Limited by repeater
Proprietary radios only
IS radios (C1D1 zones)

Limited or none
Voice only
Emergency button
Hardware console
Separate system
Infrastructure-bound

Heavy CapEx

LMR vs. Bridaed Diaital PTT - Capability Comparison

Bridged PTT (LMR + Digital)

Unlimited (IP backhaul)
Radios + smartphones + tablets
IS radios + IS smartphones
Real-time tracking + geofencing
Voice + text + photo + video
Man-down + SOS + ambient listen
Web-based + mobile dispatch
Built-in voice recording + trails
Cloud-based, per-user scaling

OpEX subscription model

The key insight is that PTT bridging is additive, not subtractive. Legacy LMR users continue operating their existing
radios with the same user experience. The bridging layer extends their reach to broadband users and adds
capabilities—GPS tracking, multimedia messaging, cloud dispatch—without requiring them to learn a new system or

change their workflow.
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6. Migration Framework: A 4-Phase Approach

A successful PTT migration is not an overnight switchover. It is a phased journey that preserves existing investment,
minimizes operational disruption, and builds confidence through incremental validation. The following four-phase

framework is based on field experience across oil and gas and chemical manufacturing deployments.

Recommended Migration Phases

Phase 1 Phase 2 Phase 3 Phase 4
Assess & Bridge & Expand Optimize &
Inventory Integrate Digital Scale
0-3 Months 3-6 Months 6-12 Months 12-18 Months

6.1 Phase 1: Assess and Inventory (Months 0-3)

Document all existing LMR infrastructure, frequencies, talkgroups, repeater locations, and user counts. Map

hazardous area classifications across the facility. Identify coverage gaps and high-priority communication

| e Assess and Inventory

pain points.

e Conduct a complete inventory of LMR repeaters, base stations, portable radios, and mobile units.

* Document current talkgroup structures, channel assignments, and tone/code configurations.

e Map facility-wide hazardous area classifications (C1D1, C1D2, non-hazardous) to identify where IS-certified

devices are required.

e Perform RF propagation surveys to identify coverage dead zones in current LMR deployment.

* Interview operations, maintenance, and HSE teams to understand communication workflows and pain points.

e Assess existing IP network infrastructure (LAN, WAN, WiFi, private LTE/5G) for readiness to carry voice traffic.

* Benchmark current LMR system reliability, including mean time between failures and maintenance costs.

6.2 Phase 2: Bridge and Integrate (Months 3-6)

Deploy RolP gateway(s) to bridge legacy LMR with broadband PTT platform. Configure talkgroup mapping,
audio transcoding, and floor control. Run parallel operation with both systems active.

| e Bridge and Integrate
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* Select and deploy RolP gateway hardware, connecting to existing LMR repeaters via analog or ISSI interfaces.
e Configure talkgroup mapping between LMR channels and broadband PTT groups.

* Deploy broadband PTT client applications on IS-certified smartphones or rugged handsets for pilot user groups.
e Set up centralized dispatch console with cross-platform visibility.

e Validate audio quality, PTT latency, and floor control behavior across bridged systems.

e Test emergency alerting flow: verify that an emergency button press on an LMR radio triggers alerts in
broadband dispatch.

¢ Run parallel operation for 30-60 days with legacy and bridged systems both active before transitioning primary
traffic.
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6.3 Phase 3: Expand Digital (Months 6-12)

| e Expand Digital

Roll out broadband PTT to additional user groups and facilities. Integrate GPS tracking, man-down detection,
and multimedia capabilities. Begin decommissioning redundant LMR infrastructure where appropriate.

e Expand broadband PTT deployment to all user groups including contractors, maintenance, and HSE teams.

* Activate GPS-based location tracking and geofencing for lone worker monitoring.

* Enable multimedia capabilities: photo/video sharing for equipment inspections and incident documentation.

¢ Integrate man-down detection and automatic emergency alerting on IS-certified broadband devices.

* Deploy body-worn cameras with live streaming integration to dispatch console where required.

e Evaluate LMR repeater utilization; decommission redundant repeaters where broadband coverage is sufficient.
e Implement voice recording and audit trail capabilities for regulatory compliance.

6.4 Phase 4: Optimize and Scale (Months 12-18)

| ° Optimize and Scale

Fine-tune the unified PTT environment based on operational data. Scale to enterprise across multiple sites.
Transition from CapEx infrastructure to OpEx subscription model. Enable advanced analytics and Al-driven
safety features.

¢ Analyze communication patterns, usage data, and incident response metrics to optimize talkgroup structures.

e Extend PTT bridging to additional sites using IP WAN connectivity between gateway instances.

* Implement QoS policies on network infrastructure to prioritize PTT voice traffic over data.

¢ Evaluate transition of remaining LMR-only users to broadband PTT where feasible.

* Integrate PTT communication data with SCADA/DCS alarm systems for unified situational awareness.

¢ Deploy advanced features: ambient listening, remote device management, location-based temporary talkgroups.
e Establish managed service SLAs covering both network infrastructure and PTT platform availability.
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7. Integration Considerations by Platform

PTT bridging must accommodate the specific protocols and interfaces of existing LMR systems. The following
guidance addresses the most common platforms encountered in industrial environments.

Interface Type Bridging Method Key Consideration

Motorola AIS/ IP WAVE PTX LMR Native WAVE integration;
MOTOTRBO Site Connect Interop Gateway IS options available
Conventional Analog audio RolP Gateway Simplest bridge; ensure

Analog + COR/PTT w/ analog 1/O audio level matching

ISSI/ CSSI 3GPP IWF or Standards-based; supports
P25 Phase I/l .

/ DFSI RolP + P25 IF trunked & conventional
. IP Site Connect RolP Gateway Transcoding required;

DMR Tier II/1ll ) )
| AIS w/ DMR codec AMBE codec licensing

e ISI/ PEI IWF Gateway Common outside N. America;

Interface (3GPP std) IWF preferred approach

Connectivity Backhaul Options

The bridging gateway requires reliable IP connectivity to the broadband PTT server. In industrial environments,
particularly remote oil and gas sites, the available backhaul options include:

* Private 5G / LTE (CBRS): Ideal for facilities with existing private wireless networks. Offers low latency (typically
under 20 ms for LTE, under 10 ms for 5G NR), deterministic QoS, and SIM-based authentication. The PTT
gateway can connect directly to the private core network.

e Industrial WiFi 6/6E: Suitable for campus environments with existing enterprise WiFi. Requires QoS
configuration to prioritize voice packets and ensure seamless roaming for mobile users.

e Microwave backhaul: For remote sites without fiber connectivity, carrier-grade point-to-point microwave links
can deliver multi-gigabit capacity over distances exceeding 50 km with five-nines (99.999%) availability.

e LEO satellite (Starlink/OneWeb): For greenfield sites, exploration locations, or disaster recovery scenarios,
LEO satellite typically delivers latency under 50 ms and sufficient bandwidth for voice and basic multimedia PTT.
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8. Workforce Safety Integration

PTT radio bridging is not just a communications project—it is a workforce safety enhancement initiative. When
broadband PTT is bridged with legacy LMR, the resulting unified platform enables safety capabilities that go far
beyond what either system can deliver independently.

Safety Capabilities Enabled by Bridged PTT

Man-Down Detection: Broadband PTT devices with built-in accelerometers and gyroscopes can detect when a
worker has fallen or become motionless for a configurable period. The alert is automatically transmitted to the
dispatch console and can trigger a broadcast on the bridged LMR talkgroup, ensuring both legacy and
broadband users are notified simultaneously.

Lone Worker Monitoring: GPS-enabled broadband PTT devices provide real-time location tracking for workers
operating alone in remote areas of the facility. Check-in timers can be configured to require periodic
acknowledgment; failure to check in triggers an automatic escalation.

Emergency SOS with Location: Unlike legacy LMR emergency buttons that transmit an alert without location
data, bridged broadband PTT devices transmit an SOS that includes precise GPS coordinates, enabling
dispatchers to direct response teams to the exact location.

Ambient Listening: Supervisors or dispatchers can remotely activate a device microphone to assess the
situation around a worker who has triggered an alert or failed to respond, providing critical situational awareness
before deploying a response team.

Geofencing: Virtual perimeter zones can be configured around restricted areas, permit-required confined
spaces, or evacuation assembly points. The system automatically tracks which workers are inside each zone,
dramatically improving mustering accuracy during emergencies.

Body-Worn Camera Integration: Broadband PTT platforms can integrate with body-worn cameras to provide
live video streaming from the field to the dispatch console or remote experts. This enables real-time visual
assessment during equipment failures, safety incidents, or complex maintenance procedures.

These safety capabilities are particularly valuable in OSHA PSM-regulated and EPA RMP-covered facilities where
incident response time and worker accountability are critical compliance metrics. A unified bridged PTT platform
provides a single source of truth for communication, location, and safety telemetry—reducing the number of
disconnected systems that HSE teams must manage.
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9. Site Assessment Checklist

Use the following checklist to evaluate your facility's readiness for a PTT radio bridging deployment. This assessment
should be conducted jointly by Operations, IT/OT, and HSE stakeholders.

Current LMR Infrastructure

Documented inventory of all LMR repeaters, base stations, and portable/mobile radios
Frequency licenses and coordination documents current and accessible

Talkgroup structure and channel plan documented

Coverage map with known dead zones identified

Maintenance history and mean time between failures calculated

Ooooog

End-of-life / end-of-support status confirmed for all equipment

Hazardous Area Classification

|:| Facility-wide hazardous area classification map available (C1D1, C1D2, non-hazardous)
|:| IS-certified device requirements documented per area

[ ] current IS-certified radio models and firmware versions recorded

|:| Charging station locations confirmed in non-hazardous areas

|:| IS certification documentation on file and current for all deployed devices

IP Network Readiness

|:| IP network backbone bandwidth and latency characterized

|:| QoS capability confirmed for voice traffic prioritization

|:| WiFi / private LTE / 5G coverage validated in operational areas
|:| Network redundancy and failover mechanisms documented

|:| Cybersecurity posture assessed (firewall rules, segmentation, encryption)

Operational & Safety Requirements

|:| User count by role and location documented

|:| Emergency communication procedures reviewed and current

|:| Lone worker and man-down monitoring requirements identified

|:| Regulatory compliance requirements cataloged (OSHA PSM, EPA RMP, etc.)
[] Voice recording and audit trail requirements defined

|:| Integration requirements with SCADA, DCS, fire/gas systems identified
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10. Why Clover 1Q

Clover 1Q is a vendor-agnostic industrial technology systems integrator with deep expertise in OT environments. Our
team has designed, deployed, and managed communication systems in oil and gas refineries, chemical
manufacturing plants, and critical infrastructure facilities where reliability is not optional and field credibility is earned,
not claimed.

Our approach to PTT radio bridging is built on four principles:

Vendor-Agnostic Architecture: We are not tied to a single radio manufacturer or PTT platform. We design
bridging solutions that integrate Motorola, Cisco, Kenwood, Hytera, and other platforms based on what already
exists in your facility—not on what generates the highest margin for a reseller.

OT-First Mindset: We understand that industrial communications operate under different constraints than
enterprise IT. Hazardous area compliance, process safety integration, and field ruggedness are not
afterthoughts in our designs—they are starting points.

Full-Stack Integration: PTT bridging does not exist in isolation. We integrate it with private 5G/WiFi networks,
intrinsically safe device management, body-worn cameras, perimeter security, and OT cybersecurity to deliver a
unified operational technology platform.

Managed Services: We do not just deploy and walk away. Clover I1Q provides ongoing managed services with
unified SLAs covering network infrastructure, PTT platform, and end-user devices—so you have a single point of
accountability for your entire communication stack.

Ready to Assess Your PTT Migration Path?

Schedule a complimentary site assessment with our industrial communications team. We will
evaluate your existing LMR infrastructure, map your hazardous area requirements, and deliver a
custom migration roadmap tailored to your facility.
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