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Chapter I – Introduction

1. [bookmark: _Toc209277837]Background
Land Mobile Radio (LMR) system, which is a person-to-person voice communication system consisting of two-way radio transceivers (an audio transmitter and receiver in one unit) which can be stationary (base station units), mobile (installed in vehicles), or portable (handheld transceivers e.g., “walkie-talkies”), are also one of the important applications and services of radio-communication.

The LMR has diverse applications in public sector and critical services, emergencies, transportation, construction industries, mining, healthcare, retail and hospitality, education and numerous other sectors, and its market is forecasted to have a significant growth due to increasing demand for reliable and safe communications systems. It is estimated that the global land mobile radio market will reach its market valuation with United States Dollar (USD) 28 billion by 2032 from USD 10.4 billion in 2023 at a Compound Annual Growth Rate (CAGR) of 11.61%. Moreover, the LMR has gained momentum with technological evolutions where integration of LMR systems with Long Term Evolution (LTE) and broadband networks, adoption of software-defined radios and implementation of digital mobile radio has led to enhanced capabilities in LMR. In 2023, the global sales of handheld portable radios reached fifteen million units, exemplifying their widespread adoption.

The Asia Pacific is also substantially gaining momentum in the global land mobile radio market and in 2023 the region attracted over USD 1.5 billion in foreign investments towards LMR technology development reflecting strong international confidence in its market potential and boosting its potential to redefine the future landscape of LMR.

However, similar to the International Mobile Telecommunications (IMT) and satellite technologies, and to derive the full benefits from the LMR technology and services, the LMR services and its frequencies will have to be managed effectively and efficiently through proper licensing and frequency allocations.

The LMR services regulations and licensing modalities differ from country to country and also its frequency allocations. Besides, it is known that these services are also experiencing certain interferences. It is therefore important to study the LMR services regulations and licensing modalities including the frequency allocations, interference management and adopt the best practices within the South Asian Telecommunication Regulatory Council (SATRC) members in order to derive the benefits of LMR services. The regulators of SATRC would also have to work towards identifying lapses of their own regulations while also sharing the best practices of LMR services regulations and monitoring.

2. [bookmark: _Toc209277838]Objective and Scope of the Study
The study report covers aspects related to the current practices of licensing and spectrum assignment for LMR systems particularly in Very High Frequency (VHF) and Ultra High Frequency (UHF) in the SATRC region. The main scope and objective of the study includes the following but not limited to:

a. Study the different types of LMR services and technologies and its applications deployed in the region,

b. Study and review the current licensing regime (including fees), spectrum allocation and assignment, technical limitations, for LMR services in SATRC member countries,

c. Review the interference experienced in LMR services in the region and the challenges faced by the regulators in managing the LMR services,

d. Discuss the best practices of licensing regime, monitoring and interference management of LMR services.

3. [bookmark: _Toc209277839]Methodology
This study report is prepared following the methodology initiated with literature reviews on LMR services, its use cases, spectrum assignment and allocation methods, interference resolving methods, and the licensing methods adopted by different countries for the LMR services. Then a study on the current practices of the LMR services was conducted through a questionnaire in consultation with the lead experts from SATRC member countries.

Based on the responses received from the SATRC member countries, the scenario was analyzed and a way forward for how efficiently LMR services could be licensed and monitored is recommended.

4. [bookmark: _Toc209277840]Format of the Report
The report is divided into chapters, based on the nature of the content of each chapter.

The chapter I provides the general background of the report. 

The chapter II provides general information of the Land Mobile Radio Systems and its frequencies.

The chapter III provides the information on the Land Mobile radio usages and applications.

Chapter IV, V VI and VII provides information on the Global scenario in licensing practices, Interferences and Issues, frequency planning and monitoring of LMR systems.

Chapter VIII and IX provides the questionnaires developed and the responses of the SATRC countries along with Analysis, Conclusion and Recommendations.



















[bookmark: _Toc209277841]Chapter II - General Description of the Land Mobile Radio Systems and its Frequencies

1. [bookmark: _Toc209277842]Land Mobile Radio Services
The LMR system is a type of radio-communication services in the form of a person-to-person voice communication system and it usually consists of two-way radio transceivers with radio transceivers unit having the capability to transmit as well as receive. These radio services are commonly used for critical communications applications by the public safety organisations like Security, Police, Fire Service, Emergency Health, Disaster Management and other emergency response organisations. Besides, these services are also commonly used in the commercial sector or industries including Mining, Transportation, Utilities, Security, Logistics and the Military.

Land Mobile Radio Service according to the International Telecommunication Union (ITU) Radio Regulations is defined as an analogue or digital two-way conventional or trunked radio communications system in which two or more fixed or mobile radio stations in the land mobile service communicate on one or more frequency (ies).

The transceivers can be deployed in different modes such as stationary usage (base station units), mobile usage (installed in vehicles), or portable usage (handheld transceivers like walkie-talkies). Land mobile radio systems generally use the frequency in Very High Frequency (VHF) and Ultra High Frequency (UHF) bands owing to the advantages of suitability in deploying small antennas which can be mounted on handheld devices and also on vehicles. The antenna sizes required in these frequencies are small due to the short wavelength in these ranges. The transmitter power is also usually limited to a few watts, to provide reliable working range on the order of 4.8 to 32 km (3 to 20 miles) depending on the terrain.

The typical structure of LMR services systems is as shown in the figure below;

[image: ]
[bookmark: _heading=h.1ip72fgigo0][bookmark: _Toc205041134]Figure 1 Typical structure of the LMR services systems
2. [bookmark: _Toc209277843]Land Mobile Radio System Architectures
In general, LMR systems are designed using one of two architectures; conventional or trunked. The selection of one architecture over the other is based on a range of factors, including spectrum, technical features, operational requirements, and cost considerations.

a. [bookmark: _Toc209277844]The Conventional Land Mobile Radio (CLMR) System
The conventional land mobile radio system is when two or more LMR stations communicate on a predetermined frequency channel(s), without the use of any controlling station and or control frequency channel. The two (2) operational modes associated with the conventional LMR systems are Simplex and Duplex:

i. Simplex Mode
Simplex Operation mode means that two LMR equipment will both transmit and receive on the same frequency. Their transmissions will not pass through a radio tower, instead going directly from radio to radio. The two radios must be within range of each other to communicate. The processing of calls in the Simplex Operation Mode is not automated. Users simply ‘push-to-talk’ (PTT) on the channel they have programmed on their mobile or handheld terminals. Users have immediate access to the programme channel(s) at any time and must listen for a clear channel before transmitting to avoid causing interference to another user in the group. The coverage of a LMR network is limited by the range of its terminals. A fixed base transmitter or repeater is used to increase the range over which users can communicate.

[image: ]
[bookmark: _Toc205041135][bookmark: _heading=h.ejhckk819jf]Figure 2 Land mobile radio network in simplex mode


ii. Duplex Mode
Duplex operation Mode is a LMR network configuration which enables the use of a second frequency channel by the use of Repeater. Some LMR networks are configured with repeaters to provide extended coverage and have a higher Transmit power which is in the order of 5-20 times that of a Portable Radio. If the LMR network grows its user base or requires more talk-groups (i.e. more frequency channels) then there will be the need to add additional repeaters and frequencies to the network. 

[image: ]
[bookmark: _Toc205041136][bookmark: _heading=h.m7elhrh6wjwk]Figure 3 Land mobile radio network in duplex mode


b. [bookmark: _Toc209277845]The Trunk Land Mobile Radio System
A trunked radio system is a complex type of computer-controlled two-way radio system that allows sharing of relatively few radio frequency channels among a large group of users. Instead of assigning, for example, a radio channel to one particular user at a time, users are instead assigned to a logical grouping, a "talk group". When any user in that group wishes to converse with another user in the talk group, a vacant radio channel is found automatically by the system and the conversation takes place on that channel. Many unrelated conversations can occur on a channel, making use of the otherwise idle time between conversations. Each radio transceiver contains a microcomputer to control it. A control channel coordinates all the activity of the radios in the system. The control channel computer sends packets of data to enable one talk group to talk together, regardless of frequency.
[bookmark: _heading=h.iz3nmwktza1d][image: ]
[bookmark: _Toc205041137][bookmark: _heading=h.6gtmqei95w8n]Figure 4 Trunk Land mobile radio network




3. [bookmark: _Toc209277846]Type of Land Mobile Radio Services Usage

a. [bookmark: _Toc209277847]Public Land Mobile Radio
Public LMR systems are considered for those that are used by public service entities and typically operated by commercial entities providing communication services to the public for a fee.

It is designed to provide connectivity to the general public, allowing individuals to communicate seamlessly across vast geographical areas. The defining feature of the public land mobile radio service is its public nature; anyone with a compatible device and a subscription can access the network.

They typically work based on a cellular architecture of the network, where each base station serves a number of users with compatible devices. 

b. [bookmark: _Toc209277848]Private Land Mobile Radio
Private LMR systems are used by public safety organisations and businesses for their own internal communication needs and to meet a wide range of communication requirements, including coordination of people and materials, important safety and security needs, and quick response in times of emergency. These systems, which often share frequencies with other private users, make possible many day-to-day activities. The regulators ensure effective operation to avoid interference with other systems through effective spectrum management

The first private land mobile radio services were established almost 90 years ago to meet the internal communication needs of private companies and other organizations. 
Although there are general commonalities across private wireless services and systems (there is a common base of equipment--for both infrastructure and user radios/handsets, for example), each company or organization has unique needs, and the different frequency bands used have different technical characteristics. As a result, private radio systems are often customized to meet the specialized and unique needs of the company or organization that owns and operates the system. Thus, there is no "typical" private system or private system user.

The one characteristic that all users share, and that differentiates private wireless use from commercial use, is that private wireless licensees use radio as a tool to accomplish their missions in the most effective and efficient ways possible. Private radio users employ wireless communications as they would any other tool or machine radio that contributes to their production of some other good or service.


4. [bookmark: _Toc209277849]LMR Radio Standards
There are numerous LMR technologies and standards such as P25, DMR, TETRA, dPMR and NXDN, and are all open standards. Such standards being digital can operate over standard IP networks and also enable carriers to carry a certain amount of data in addition to the voice.

a. [bookmark: _Toc209277850]P25
P25 which stands for Project 25 is a suite of standards for digital radio communications published by The Association of Public Safety Communications Officials (APCO). The specification was introduced in October 1989.  P25 includes standards for the design and manufacture of interoperable digital two-way wireless communications products intended for public safety professionals. The goals of the standard include:
· Interoperability among agencies
· Interoperability among vendors
· Spectral efficiency
· Compatible with existing systems
· Integrated voice and data services
· Conventional, trunked and secure communications

P25 has two phases and are not compatible with each other, although Phase 2 radios can “fall back” to Phase 1 operation to maintain backwards compatibility.
The key specifications of P25 Phase 1 are:
· 12.5 kHz channel bandwidth
· Frequency Domain Multiple Access (FDMA)
· C4FM and CQPSK modulation

The key specifications of P25 Phase 2 are:
· 12.5 kHz channel bandwidth
· 2-slot Time Division Multiple Access (TDMA)
· Harmonized Continuous Phase Modulation (H-CPM) modulation for subscribers
· Harmonized Differential Quadrature Phase Shift Keying (H-DQPSK) modulation for fixed sites

b. [bookmark: _Toc209277851]TETRA
Terrestrial Trunked Radio (TETRA), formerly known as Trans-European Trunked Radio, is an open standard developed by the European Telecommunications Standards Institute (ETSI) and was first published in 1995. TETRA was specifically designed for use by government agencies, emergency services, police forces, fire departments, paramedics, and emergency medical technicians for public safety networks.  In addition to public safety, it is used in many commercial applications where voice and data communications services are required such as transportation services, utilities, and even the military.

The key specifications of TETRA are:
· 25 kHz channel bandwidth
· 4-slot Time Division Multiple Access (TDMA)
· π/4 Differential Quadrature Phase Shift Keying (DQPSK) modulation

c. [bookmark: _Toc209277852]DMR
Digital Mobile Radio (DMR) is a digital radio standard developed by the European Telecommunications Standards Institute (ETSI) and was first ratified in 2005.  The standard is designed to operate within the existing 12.5kHz channel spacing used in licensed land mobile frequency bands globally and to meet future regulatory requirements for 6.25kHz channel equivalence.  The primary goal is to specify affordable digital systems with low complexity.  DMR provides voice, data and other supplementary services.  Products designed to its specifications are sold in all regions of the world.  The DMR protocol covers unlicensed (Tier I), licensed conventional (Tier II) and licensed trunked (Tier III) modes of operation.  Commercial application is focused on the Tier II and III licensed categories.

The key specifications of DMR are:
· 12.5 kHz channel bandwidth
· 2-slot Time Division Multiple Access (TDMA)
· Four Frequency Shift Keying (4-FSK) modulation

d. [bookmark: _Toc209277853]dPMR
Digital Private Mobile Radio (dPMR) was developed by the European Telecommunications Standards Institute (ETSI) and published under the reference ETSI TS 102 658.  Although dPMR, NXDN and DMR were all launched around the same time, DMR has seen the greatest success, due to the lower infrastructure costs (two voice paths for one base station). dPMR manufacturers have considerably cut infrastructure costs such that for small scale systems dPMR is more cost effective to deploy.

The main advantages of dPMR are greater range offered by the true 6.25 kHz channel spacing, better spectral efficiency for congested areas and lower cost.

The key specifications of dPMR are:
· 6.25 kHz channel bandwidth
· Frequency Domain Multiple Access (FDMA)
· Four Frequency Shift Keying (4-FSK) modulation

e. [bookmark: _Toc209277854]NXDN
Next Generation Digital Narrowband (NXDN) was co-developed by Kenwood and Icom Inc. to meet the needs of 6.25 kHz channel efficiency.  The NXDN protocol and the communications products are designed for commercial Private LMR and low-end public safety communications systems.  Although built on the ETSI dPMR standard, NXDN is deliberately non-compliant in order to avoid IP issues relating to the dPMR standard.  Key advantages of NXDN are low cost of ownership, compatibility with FCC requirements for 6.25 kHz channel equivalence, and backwards compatibility with analog and LTR (Logic Trunked Radio) networks.  Based on NXDN protocols, Icom has released IDAS™, and Kenwood has released NEXTEDGE® in conventional and trunked options.
The key specifications of dPMR are:
5. 12.5 or 6.25 kHz channel bandwidth
6. Frequency Domain Multiple Access (FDMA)
7. Four Frequency Shift Keying (4-FSK) modulation




[bookmark: _Toc209277855]Chapter III - Land Mobile Radio Usages and Applications

The LMR system is generally used to provide communication facilities for closed user groups and support specific features such as group call and push-to-talk. The LMR system is commonly used for critical communication by public safety organizations such as police, firefighters, and other emergency response organizations. In addition to the public safety sector, the LMR system is also used in various industries, transportation, utilities, security, and logistics and even in the military. The LMR systems are designed for short call holding times as this enables a large number of users to be accommodated within a particular frequency allocation.

a. [bookmark: _Toc209277856]Public Safety and Emergency Services
LMR systems are essential for public safety teams like police, fire departments, and emergency medical services (EMS). They help first responders stay in constant contact during emergencies. Police Officers use LMR systems to communicate with each other, their dispatchers, and other agencies, helping to coordinate arrests, track suspects, and manage incidents. Firefighters use LMR systems to keep in touch with each other during fires and rescue operations, ensuring safe and effective teamwork. Emergency Medical Responders rely on LMR to stay in contact with hospitals, dispatchers, and each other, helping to ensure timely medical care and smooth patient transfers. Search and Rescue Teams working in remote or challenging locations use LMR to stay connected and coordinate rescue efforts, even when there's no cell signal.

b. [bookmark: _Toc209277857]Transportation and Logistics
LMR is a critical tool for companies involved in transportation, logistics, and fleet management, where fast, reliable communication is key to keeping operations smooth. Companies that manage large fleets of vehicles, like delivery services, use LMR to keep drivers in touch with dispatchers, helping manage routes, deliveries, and any problems that come up. LMR systems allow communication between train operators, control centers, and track maintenance teams, helping ensure the safety and efficiency of rail operations. Ground staff, security, and air traffic controllers rely on LMR to communicate in real-time, making sure that operations run smoothly and that security is tight. Ports and shipping companies use LMR to coordinate activities, such as loading and unloading cargo, ensuring the safe and timely movement of goods.

c. [bookmark: _Toc209277858]Utilities and Energy
Utility companies rely on LMR for communication, especially for workers who are out in the field dealing with complex infrastructure. LMR helps field crews stay in touch with central command when working on power lines or repairing pipelines, especially during outages or emergencies. Workers managing water supply or sewage systems use LMR to stay connected with supervisors or other teams, ensuring quick response to any issues. LMR is used in wind farms, solar power plants, and other renewable energy facilities to coordinate maintenance crews and respond quickly to any issues.

d. [bookmark: _Toc209277859]Industrial and Manufacturing Applications
In manufacturing and industrial settings, LMR systems improve communication and help ensure safety. Workers in large factories or plants use LMR to communicate with supervisors, report issues, and stay updated on operations, all of which boosts efficiency and safety. On large construction sites, LMR helps keep workers in touch with site supervisors and other teams, ensuring safety and quick resolution of any problems that arise. In remote areas like mines or oil rigs, LMR provides a lifeline for communication, helping workers report problems, coordinate safety measures, and keep operations running smoothly.

e. [bookmark: _Toc209277860]Government and Military
LMR systems are also widely used by government agencies, especially in times of crisis, and by military personnel for secure communication. The military uses LMR for command and control during operations, ensuring that units stay connected even in isolated or challenging environments. Governments use LMR as a backup communication tools during emergencies, like natural disasters, to coordinate resources and communicate with first responders, ensuring effective crisis management.

f. [bookmark: _Toc209277861]Retail and Hospitality
In retail and hospitality, LMR helps streamline operations and keep things running smoothly. Large stores and retail chains use LMR to improve customer service, manage inventory, and ensure security. Store staff can communicate quickly about stock levels, sales promotions, or any issues. Hotels, resorts, and event venues use LMR to coordinate staff across large areas, helping with guest services, security, and logistics, especially during events or large gatherings.

g. [bookmark: _Toc209277862]Public Transport and Infrastructure
LMR is a go-to tool for managing public transportation and maintaining infrastructure, ensuring that teams stay connected. Bus, metro, and tram services rely on LMR to communicate between drivers, dispatchers, and maintenance teams, improving safety and efficiency. LMR is also an essential for communication between road crews and control centers, ensuring that repairs or emergencies are dealt with quickly.


h. [bookmark: _Toc209277863]Agriculture and Forestry
In agriculture and forestry, LMR helps workers stay connected, even in remote or difficult-to-reach areas. These systems are used on large farms to help workers coordinate activities like irrigation, crop monitoring, and livestock management, ensuring that tasks are completed efficiently. The LMR system also ensures that teams working in remote locations can communicate about safety, equipment, and progress in managing or preserving forests.

i. [bookmark: _Toc209277864]Event and Crowd Management
Managing large events, from concerts to sports games, requires smooth coordination between various teams, which LMR facilitates. Organizers use LMR to communicate between security teams, medical staff, and event coordinators, ensuring that everything runs smoothly and that emergencies are handled quickly. For rallies, festivals, or other large gatherings, LMR helps keep staff in touch with each other, improving safety and coordination.

j. [bookmark: _Toc209277865]Wildlife Conservation and Environmental Monitoring
LMR is also used in conservation and environmental work, especially in remote areas where communication is vital. LMR allows teams working in wildlife conservation to coordinate activities like tracking animals or responding to threats like poaching or illegal logging.

k. [bookmark: _Toc209277866]Security and Surveillance
LMR is commonly used for security in various settings, including private buildings and critical infrastructure. Security companies use LMR to help their teams stay in touch while guarding buildings, malls, or large properties, improving response times and safety. For sensitive sites like power plants or communication towers, LMR ensures that security personnel can communicate quickly if there's a problem.

l. [bookmark: _Toc209277867]Hospital and Healthcare Systems
Healthcare settings, especially large hospitals, are increasingly using LMR for communication among medical staff. Doctors, nurses, and emergency room staff use LMR to stay connected, share patient information, and respond quickly to any urgent needs. It also allows medical transport teams to stay in touch when transferring patients between hospitals or departments, helping to ensure smooth operations.

m. [bookmark: _Toc209277868]Real-Time Data and IoT Integration
LMR systems are now being integrated with other technologies like IoT devices to provide real-time data alongside communication. For example, sensors in factories or energy plants can send data through LMR systems, allowing operators to monitor conditions like gas levels, temperature, or equipment performance.

n. [bookmark: _Toc209277869]Tactical and Crisis Communications
During major crises or tactical operations, LMR ensures that everyone stays in touch in real time. In emergencies like natural disasters or terrorist attacks, LMR ensures that all involved parties, rescue teams, government agencies, and first responders can communicate without delay. It is also used in joint military and civilian operations, where secure and fast communication is critical for success.







[bookmark: _Toc209277870]Chapter IV - Land Mobile Radio Licensing Systems

1. [bookmark: _Toc209277871]Licensing Practices
a. [bookmark: _Toc209277872]Australia
In Australia, the licensing practice for Land Mobile Radio (LMR) systems is governed by the Australian Communications and Media Authority (ACMA). The ACMA manages a frequency allocation plan that divides the radio spectrum into bands for different uses. LMR systems typically operate in the VHF (Very High Frequency) and UHF (Ultra High Frequency) bands, with some frequency ranges specifically set aside for land mobile communication.

ACMA uses these licensing approaches under a spectrum management framework which are;
· Apparatus License
Apparatus License is the most common license issued for LMR systems and it authorises the use of specific radio equipment at a specific location with specified technical parameters including assigned frequency, power limits, bandwidth and antenna height. It is all used by government services, private companies and also the utility service providers.
For an apparatus license in Australia, the applicant applies to ACMA for frequency allocation to which the ACMA assesses and assigns a spot frequency. In densely populated areas, the ACMA coordinates the use of frequencies to avoid interference typically through Time Division multiplexing. 

· Class License
The LMR usage is also issued in the form of Class License which authorises the use of certain devices without the need for individual licensing. However, it may not be applicable for most LMR systems due to shared channel requirements and interference concerns.
Australia also has options for usage of unlicensed spectrum bands, such as the frequencies in UHF Citizen Band (476.4250 and 477.4125 MHz).
The frequency bands for LMR in Australia typically operate in the following bands:
VHF Mid-band: 70–87.5 MHz
VHF High-band: 148–174 MHz
UHF: 403–520 MHz (split for government and commercial use)
And the license fees are calculated annually based on the factors such as bandwidth, geographic location and frequency band. Licenses are typically issued for one year, with multi-year options available.
b. [bookmark: _Toc209277873]USA
In the USA, the Land Mobile Systems are regulated by the Federal Communications Commissions (FCC).  To apply for a LMR license in the USA, the applicant submits an application through the Universal Licensing System which requires all the details of the LMR and the situation in which they will be used. After review, the FCC grants the LMR license detailing the frequencies assigned, the call sign assigned, Maximum ERP, along with location information and Licensee information.

Licenses are typically categorized based on user type and operating purpose and how spectrum is assigned. The main categories of the licenses are as follows:
· Industrial/Business pool - typically used by private companies, manufacturers, hotels, schools, utilities, transportation and security
· Public Safety pool - used by government agencies and public safety entities

The FCC allocated the following frequency bands for LMR systems:
· 150-174 MHz bands, 
· 421-512 MHz bands, 
· 769 - 805 MHz bands and 
· 896 - 940 MHz bands. 

The license free alternatives are Citizen Band (CB) radios which operate from 26.965 MHz to 27.405 MHz, 

The Multi-Use Radio Service (MURS) which operates in 151.280 MHz, 151.880 MHz, 154.570 MHz and 154.600 MHz, and 
Family Radio Service which utilizes frequencies in the 462 MHz and 467 MHz range.
c. [bookmark: _Toc209277874]UK
For the United Kingdom, the licensing of Land Mobile Radio (LMR) Systems is managed by OfCom (the Office of Communications), the government agency responsible for regulating the UK’s communication networks and services, including radio spectrum.

The OfCom issues two main types of licenses for LMR systems which are:

· Individual licenses
It is issued to organizations or individuals who require exclusive access to a particular spot frequency. It is the most common type of license issued for LMR systems. It is also classified based on the usage of the LMR systems. Light licenses are available for simple handheld or vehicle-based radios. Site licenses are licenses issued to users that are using a base station that needs coverage over a large area.

· Simplified licensing
It is issued for Low Power LMR systems that have localized applications. This allows for organizations to use predefined frequency bands.

For an applicant trying to get LMR license in the UK, the applicant has to submit an application which includes details such as:
· the frequency preferred
· number of channels
· LMR system’s specifications

OfCom reviews the application and assigns the required number of frequencies to the applicant. The license includes technical parameters, coverage areas and the duration.

LMR users benefit from the license-free PMR446 band at around 446 MHz, where small analog or digital devices can operate freely with a maximum output of 0.5W ERP.
d. [bookmark: _Toc209277875]Japan
The Ministry of Internal Affairs and Communications (MIC) handles the licensing of LMR systems. The MIC looks over the spectrum management and allocates frequencies with national/international needs. LMR systems typically operate in VHF and UHF bands for public safety, transportation and industrial communications.

Japan employs a radio station licensing regime, under which users of Land Mobile Radio systems must obtain individual station licences such as:
· General Land Mobile Station Licence
Which covers typical business-use LMR services used by sectors like logistics and transportation, construction, security and events, public utilities.
· Simple Radio
Which are designed for short-range communications and lower power (e.g., ≤ 5W),
· Trunked Radio Systems
Which are usually a shared infrastructure used by multiple organizations including public safety and commercial use, and commonly based on TETRA or similar protocols.
· Disaster and Emergency Systems
Dedicated spectrum for government use, municipalities, police, fire, etc and operates in UHF/700 MHz band.

To obtain a LMR License in Japan:
· Applicants must submit a Radio Station License application to the MIC
· The application must include detailed technical specifications, operational purpose, and the intended coverage area or the area of operation.
· MIC will review and issue licenses specifying the frequency allocation emission parameters. License terms typically last for 5 years.

LMR systems in Japan are allocated within the frequency bands from 430 - 440 MHz. The max power in these bands is up to 1 Watts. The LMR systems for short range use are license free and they operate below 10 mW. Japan also maintains a radio equipment certification system to ensure that all LMR devices meet technical standards for safe and interference free operation.
e. [bookmark: _Toc209277876]Germany
The Federal Network Agency ((Bundesnetzagentur) regulates the LMR systems. The agency regulates the telecommunications, energy and transportation sectors.

Germany offers several license categories for LMR:
· Private Mobile Radio (PMR) licenses for business and industrial use
· Public Safety networks (e.g., BOS digital radio for emergency services)

To obtain a LMR License in Germany, applicants must submit:
· A technical and operational plan for the LMR system
· Preferred frequency ranges and intended use
· Equipment specifications and geographic area of operation
Licensed LMR systems typically operate in the VHF range (around 146 -174 MHz) and the core UHF block near 400 - 470 MHz. Higher-traffic systems including trunked or conventional fleets used by industry, transport, and public safety are assigned individual frequency channels tailored to the size, power, and location of each deployment. 

To support hobbyists and light commercial use, the license-free dPMR446 band sits near 446 MHz. Radios in this band must be certified and limited to 500 mW EIRP in simplex mode, but they can be used without registration or annual licensing. In contrast, any multi-channel, higher-powered, or trunked setup must use type-approved equipment and secure a formal licence, which governs exact channel placement, antenna height, transmitter power, and operational zones.
f. [bookmark: _Toc209277877]South Korea
In South Korea, LMR licensing is administered by the Ministry of Science and ICT (MSIT) and regulated under the Radio Waves Act. The Korea Communications Commission (KCC) also plays a role in spectrum management.

The MSIT licensed systems are used by public safety organizations, transportation agencies, and private businesses.

License application involves:
· Submission of system configuration details
· Frequency requirements
· Coverage and usage plans

After evaluation, the MSIT issues a license with specific parameters, and ongoing compliance is monitored through routine inspections and audits.

MSIT has allocated frequencies in the range of 150 - 170 MHz, 400 - 470 MHz and 800 MHz (for denser and urban areas) for LMR applications. Korean regulations do not currently offer a license‑free LMR equivalent; every permanent installation must be formally licensed. 
g. [bookmark: _Toc209277878]Sweden
In Sweden, the Swedish Post and Telecom Authority (PTS) manages spectrum allocation which includes LMR licensing.

There are two primary options for LMR users:
· Individual frequency licenses for exclusive use in specific areas
· General permits for license exempt, low-power devices (such as PMR446 radios)

PTS requires applicants to:
· Describe the technical setup, including power levels and antenna details
· Provide the purpose and estimated traffic load of the LMR system

Standard LMR operations occupy the usual VHF high band (150 - 174 MHz) and UHF ranges (400 - 470 MHz), and if needed, higher frequencies into the L-band and 2 GHz for special applications. PTS assigns frequencies based on coordination requirements to avoid interference and promotes digital migration for more efficient spectrum use (e.g., Digital Mobile Radio - DMR, TETRA).

h. [bookmark: _Toc209277879]Singapore
In Singapore, the Infocomm Media Development Authority (IMDA) is responsible for regulating and licensing radio communication systems, including LMR.

Singapore offers several types of LMR licenses and uses a site-specific apparatus licensing regime. The users will have to apply for a Radio-communication Station Licence for each base or mobile station. Some category of Licenses are;
· Radio-communication Station License for individual and Private Network License: For individuals and organizations using LMR for internal communication.
· Trunked Radio Network License: For operators providing communication services to third parties and the users which subscribe to services without needing individual station licenses.

Applicants are required to:
· Submit detailed technical specifications (equipment, frequency, power, location) of the LMR system
· Indicate preferred frequency bands and operational areas
· Demonstrate compliance with interference mitigation measures
The frequency bands for LMR in Singapore are; 
· VHF: 136–174 MHz
· UHF: 400–470 MHz
· 800 MHz: Trunked radio services (TETRA)
· Some private networks for industrial or security purposes may use dedicated spectrum blocks.
In Singapore, it is also mentioned that all LMR equipment must be type-approved by IMDA before use and comply with technical specifications, including transmit power, frequency tolerance, modulation scheme, and spurious emissions.

Singapore promotes the use of TETRA and Digital Mobile Radio (DMR) technologies, and frequency assignments are coordinated to avoid conflicts in the densely populated city-state. IMDA also allows low-power, license-exempt devices within designated frequency bands.

i. Philippines
In the Philippines, the LMR licensing is administered by National Telecommunications Commission (NTC) which is the sole regulatory body responsible for managing radio frequency spectrum. 

The LMR systems are typically allocated spectrum in the following bands;

VHF in 136-174MHz,
UHF in 400-470MHz

And the applicants are required to:
· Submit detailed technical specifications (equipment, frequency, power, location) of the LMR system, have the equipment type-approved and inspected. 
· Indicate preferred frequency bands and operational areas

And the licenses are usually issued and valid for one year.

j. Indonesia
In Indonesia, the LMR licensing is administered by the Ministry of Communication and Informatics which is responsible for managing radio frequency spectrum. 

The LMR systems are typically allocated spectrum in the following bands;

VHF in 136-174MHz,
UHF in 403-470MHz
800MHz for TETRA

Indonesia uses an individual apparatus licensing system for LMR. The LMR licenses are issued in the form of Radio Station License and Class License/Short-Range Radio Communication Devices. The Radio Station License is required for all LMR base, mobile, or handheld radio stations and are issued to business, government agencies and other institutions which specifies frequency allocation, output power, location and equipment and antenna specs. The Class license is issued to low-power, short-range devices (e.g., <+0.5W walkie-talkies) which do not require Radio Station License.

And the applicants are required to:
· Company documents
· Submit detailed technical specifications (equipment, frequency, power, location) of the LMR system, have the equipment type-approved and inspected. 
· Indicate preferred frequency bands and operational areas

And the licenses are usually issued and valid for one year.




2. [bookmark: _Toc209277880]Licensing Fees

[bookmark: _heading=h.w3ut8bwh6jjm][bookmark: _Toc205041138]Table 1 Licensing fees for different countries
	Country
	Fees and conditions

	Australia
	For a typical spot frequency below 403 MHz of the bandwidth 250 KHz in a low-density area, the annual tax is 222 AUD, the issue charge is 490AUD, the renewal and instalment charge is 4AUD.

	USA
	A single spot frequency for LMR systems usually cost around 55 USD to 150 USD as application fees and 25USD to 150 USD as regulatory fees.

	UK
	 For 2 * 12.5 KHz bandwidth spectrum in the VHF and UHF range the spectrum licensing costs around 75 Pounds.

	Germany
	Approximately EUR 75 to 150 annually

	Sweden
	 Approximately SEK 500 to 1,000.

	Singapore
	Approximately SGD 100 to 200.

	Japan
	fee ranges from approx. ¥2,000–¥20,000 per unit per year, depending on system type.



[bookmark: _heading=h.b9mthusgx5dq][bookmark: _heading=h.t8x3r5qmw7ie][bookmark: _heading=h.78dy6uy6eaah][bookmark: _heading=h.rh007f7teq9y][bookmark: _heading=h.7boq8h5wql5][bookmark: _heading=h.h8n1u1iseqi][bookmark: _heading=h.qe2m6m3fikct][bookmark: _heading=h.ro60dq15371x][bookmark: _heading=h.e6phg7tmmww1][bookmark: _heading=h.sm81n86p2s84][bookmark: _heading=h.j9hyk6z1tfio]


[bookmark: _Toc209277881]Chapter V - Land Mobile Issues and Interferences Experiences

1. [bookmark: _Toc209277882]Interference experience

Example 1.
A typical issue of interference in VHF communication was experienced in Tanzania where the VHF ground-to-air aeronautical communication in the frequency band of 119-121MHz was faced due to spurious emissions from FM broadcasting exceeding regulatory limits. It is mentioned that the main causes were due to shared transmission sites or location and poor spurious signal control and transmitters too close to the aviation band. It was solved after the FM transmitter power was reduced and also through installing cavity/band-pass filters in the FM transmitters.


Example 2. 
Similarly, an incident in North America involves a garage door and other short-range devices (SRDs) that operate in nearby unlicensed or lightly licensed frequency bands interfering LMR service in 136–174 MHz VHF. Public safety agencies and utility companies operating in the 150–160 MHz LMR band experienced sporadic radio interference where in several cities, field technicians experienced inability to receive dispatch messages, repeated radio channel access failures, and squelch break or static noise on clear channels. The investigation discovered that garage door openers, particularly older models and imported units, were transmitting in or near the same frequencies used by licensed land mobile services. It has caused adjacent-channel or in-band interference. Authorities used spectrum analyzers and direction-finding equipment to locate the sources of interference. In many cases, garage door openers were found to be emitting continuous or frequent signals in licensed LMR bands. Through a combination of technical detection, regulatory enforcement, and better manufacturing standards, the interference from garage door openers to VHF land mobile systems was significantly reduced, restoring reliable communications for critical services like police, fire, and utilities. For instance, the FCC (USA) issued advisories reminding consumers that SRDs must not cause harmful interference and must accept interference from licensed services. Homeowners were advised to replace older or modified units with certified models. Manufacturers were required to improve filtering, frequency accuracy, and emission control of their devices. Regulators reviewed and revised frequency allocations, discouraging the use of LMR channels directly adjacent to SRD bands in sensitive areas.

Example 3.
There were also some experiences where consumer electronics interfered with Fire Department LMR in 140-150MHz frequency range. The Japanese emergency response teams were affected. Through the investigation, it was found that emissions from devices like laptop power supplies, cooling fans, or TV amplifier systems that emitted RF energy in or near LMR bands were causing the interference. The effects such as audio dropouts and squelch triggering were experienced. Using the spectrum analyzers, the source causes were identified and thus the manufacturer recalled the devices and stricter EMC testing were made mandatory.

Example 4
While the example below is not particularly related to interference, it can still be considered an act where the police officers were able to catch the culprit before the interference could be caused. 

On August 24, 2018, police officers in Whangarei, Auckland, New Zealand stopped Mr. Elvis Johnstone. During the search of his car, the police officers discovered a Baofeng UV-5R two-way radio. Notably, the radio had been tuned to the same frequency used by the Northland Police communications system. This unauthorized use of frequency and LMR system raised serious concerns, prompting Radio Spectrum Management (RSM) to pursue legal action under Sections 113 and 114 of the Radiocommunications Act 1989.

Mr. Johnstone faced a $3,000 fine, which was later reduced by 25% to $2,250 following his early guilty plea. Court costs were also added to the penalty. According to Fadia Mudafar, RSM’s National Manager, such violations pose genuine threats to public safety infrastructure.

Example 5

In June 2024, the Federal Communications Commission (FCC) investigated interference with the Stafford County, Virginia public safety radio system following a complaint from the county's Sheriff’s Office. Agents traced the interference to a Motorola APX7000 handheld radio operated by John T. Calhoun. The device had been illegally programmed to access the county’s licensed communication frequencies and was used to transmit a self-authentication signal.

Calhoun admitted to programming and using the device, which lacked the required FCC certification and license for operation on public safety bands. The FCC determined this was a violation of Section 301 of the Communications Act of 1934.

The Commission issued a formal notice demanding Calhoun cease unauthorized radio use immediately and respond within ten days detailing corrective actions. Potential penalties for such violations include fines, equipment seizure, and criminal charges.


2. [bookmark: _Toc209277883]Mitigation Strategies and Regulatory Responses

a. Spectrum Reallocation and Planning

Many countries have restructured their national frequency plans to:
· Allocate exclusive bands for public safety
· Introduce guard bands to reduce adjacent channel interference
· Encourage migration to digital systems with better spectral efficiency

b. Licensing Controls and Technical Standards

Regulators enforce:
· Type approval of equipment to prevent spurious emissions
· Strict ERP (Effective Radiated Power) limits
· Licensing conditions to ensure geographical separation of co-channel users

c. Use of Digital Technologies

Digital LMR systems (DMR, P25, TETRA):
· Use error correction and encryption to minimize quality loss due to interference
· Offer better channel reuse and spectral efficiency
· Enable features like dynamic channel assignment to avoid congestion


d. Interference Monitoring and Reporting Systems

Agencies like FCC, Ofcom, and MIC maintain:
· Real-time interference detection tools
· Online portals for public and licensees to report interference events
· Mobile enforcement teams to identify and shut down rogue transmitters


[bookmark: _Toc209277884]Chapter VI - Land Mobile Frequency Planning in Regions

The table below lists the frequency planning in some of the countries.

[bookmark: _Toc205041139]Table 2 Frequency planning for LMR in different countries
	Country
	Band
	Frequency Range
	Specific Purpose of the LMR Band

	Ghana
	HF Band
	3 - 30 MHz
	

	
	VHF Band
	136 - 174 MHz
	

	
	UHF Band
	380 - 459 MHz
	

	UK
	VHF
	30 - 50 MHz, 136 - 174 MHz
	Business and emergency services

	
	UHF
	380 - 400 MHz
	Public safety (e.g., TETRA networks)

	
	
	406 - 410 MHz
	Government use

	
	
	410 - 430 MHz
	Business, utilities, and shared services

	
	
	450 - 470 MHz
	Commercial and local LMR

	
	
	470 - 490 MHz
	Regional and national systems

	
	License-Exempt
	869 - 870 MHz, 915 - 921 MHz
	Low-power, short-range devices

	Australia
	VHF Mid Band
	70 - 87.5 MHz
	Regional, agricultural applications

	
	VHF High Band
	148 - 174 MHz
	General LMR usage

	
	UHF Band I
	403 - 420 MHz
	Government, utilities

	
	UHF Band II
	450 - 520 MHz
	Commercial, public safety

	United States
	VHF
	150 - 174 MHz
	

	
	UHF
	421 - 512 MHz
	

	Canada
	VHF
	138 - 144 MHz and 148 - 174 MHz
	

	
	UHF
	406.1 - 430 MHz and 450 - 470 MHz
	

	Germany
	VHF
	 30 - 50 MHz, 136 - 174 MHz
	

	
	UHF
	406 - 430 MHz and 450 - 470 MHz
	

	Japan
	VHF
	30 - 50 MHz and 136 - 174 MHz
	

	
	UHF
	406 - 430 MHz and 450 - 470 MHz
	

	South Africa
	VHF
	30 - 50 MHz and 136 - 174 MHz
	

	
	UHF
	406 - 430 MHz and 450 - 470 MHz
	




[bookmark: _Toc209277885]Chapter VII- Land Mobile Applications Monitoring

1. [bookmark: _Toc209277886]Global Practices
Interference and spectrum monitoring within LMR applications are important for ensuring the effective and efficient use of the frequency spectrum. The regulatory approach and practices are varied across the regions.
a. [bookmark: _Toc209277887]European region
The main regulatory Authority in the European region is the European Conference of Postal and Telecommunication Administrations (CEPT). The CEPT works with the European Telecommunications Standards Institute (ETSI) for developing standards for ICT equipment which includes LMR systems.

Since most European countries share borders with each other, it is of the utmost importance that there are coordination efforts in terms of spectrum assignment and allocation. The CEPT works as an intermediary organization which recommends the best practice of spectrum allocation and assignment, which is then followed by the National Regulatory Authority of each country. 

The European Region has regulations like the Decision 2007/344/EC (harmonizing the frequency bands for public protection and disaster relief) and Directive 2014/53/EU (Radio Equipment Directive) which helps to minimize interference in critical LMR systems.

The National Regulatory Authority of each country takes part in monitoring their spectrum usage. These authorities monitor the use of frequencies, detect harmful interference and take corrective measures such as rerouting frequencies, power limits or shutting down interfering transmissions.
b. [bookmark: _Toc209277888]North American Region
In the North American region, spectrum regulation is managed nationally but with strong coordination across borders. In the United States, the Federal Communications Commission (FCC) oversees LMR systems, while in Canada, that role is taken on by Innovation, Science and Economic Development (ISED).
In the U.S, LMR services are regulated under Part 90 of the Code of Federal Regulations, with coordination from the National Telecommunications and Information Administration (NTIA) for federal users. In Canada, ISED uses systems like the Spectrum Management System (SMS) to allocate spectrum and monitor interference.
Given the long-shared border between the two countries, there are bilateral agreements in place to avoid cross-border interference. Urban congestion is a common challenge, so both countries rely on advanced tools such as automated monitoring stations and mobile units to identify unauthorized transmissions and manage spectrum efficiently.
c. [bookmark: _Toc209277889]Asia-Pacific Region
The Asia-Pacific region is incredibly diverse, and so are its spectrum management practices. Countries work together through organizations like the Asia-Pacific Telecommunity (APT) and the International Telecommunication Union (ITU-R) to share best practices.
In Japan, the Ministry of Internal Affairs and Communications (MIC) manages spectrum usage. In Australia, it’s the Australian Communications and Media Authority (ACMA). Both countries have built robust monitoring systems and use modern tools like geolocation databases and automated spectrum monitoring to ensure reliable LMR communications.
The region also includes many remote and rural areas, which come with their own monitoring challenges. To deal with these, some countries are even turning to drones and mobile monitoring systems to track spectrum use in hard-to-reach areas.
Emergency and disaster response is another major focus, and many Asia-Pacific nations are working toward compatible LMR systems that can be deployed quickly during regional crises.
d. [bookmark: _Toc209277890]Latin American Region
The Inter-American Telecommunication Commission (CITEL), operating under the Organization of American States (OAS), functions as the primary regional telecommunications organization. CITEL is committed to facilitating and promoting the sustainable development of telecommunications within the region, including the effective management of the radio frequency spectrum.
Coordination initiatives in Latin America and the Caribbean are supported by CITEL, which offers a platform for member states to engage in discussions and reach agreements on spectrum allocation principles and cross-border coordination strategies designed to prevent interference.
Regulatory frameworks exhibit significant variation among the countries within this region, with each nation possessing its own National Regulatory Authority and distinct legal structures governing spectrum management and interference control. CITEL provides recommendations and guidelines to encourage greater harmonization of regulatory practices.
National Regulatory Authorities in Latin American and Caribbean countries are responsible for the monitoring of spectrum usage within their respective territories. These authorities undertake activities to detect and resolve interference issues within LMR bands, frequently collaborating within the established framework of CITEL.
e. [bookmark: _Toc209277891]Middle East Region
The Middle East is seeing rapid development in LMR regulation and monitoring. Countries like Saudi Arabia (through the Communications, Space and Technology Commission, CST) and the UAE (via the Telecommunications Regulatory Authority, TRA) are taking the lead in establishing modern systems to manage their spectrum.
LMR systems are especially critical in this region for industries like oil and gas, national security, and emergency services. That’s why governments are investing in high-tech monitoring tools, such as mobile units, direction finding antennas, and satellite enabled systems.
Although coordination between countries isn’t yet as formalized as in other regions, there is growing cooperation through the Arab Spectrum Management Group (ASMG). Interference is typically dealt with swiftly and regulators actively track non-compliant transmissions and enforce strict penalties when needed.
f. [bookmark: _Toc209277892]African Region
At the continental level, the African Telecommunications Union (ATU) serves as the principal regulatory organization. The ATU is dedicated to promoting the advancement and harmonization of telecommunications across Africa, encompassing the critical domain of spectrum management.
Coordination endeavors within the African region are facilitated by the ATU, which strives to establish common frameworks and recommended practices for spectrum allocation and assignment. Regional economic communities also contribute to fostering collaboration on spectrum-related issues that extend across national borders.
Regulatory frameworks across the African continent exhibit considerable diversity, with each nation maintaining its own National Regulatory Authority and specific legal statutes. The ATU provides guidance and recommendations aimed at harmonizing regulatory approaches and minimizing the potential for interference.
National Regulatory Authorities in African nations are tasked with the monitoring of their national spectrum allocations. These authorities work to identify and resolve instances of harmful interference within LMR bands, often drawing upon the support and guidance provided by the ATU.


[bookmark: _Toc209277893]Chapter VIII - Questionnaire and Inputs Information Analysis

1. [bookmark: _Toc209277894]Questionnaire Developed
The following questionnaires were developed and sent to the SATRC member countries to study their current practices of licensing, monitoring and interference handling mechanism for Land Mobile Radio Services. All the member countries provided responses to the questionnaires.

A.    Current Status of Land Mobile Licensing in SATRC Countries
A.1. Are the individuals or companies allowed to use land mobile radio freely without the authorisation or any form of permit issued in your country?
A.2. If the answer for A.1 is No, does the regulation and licensing of land mobile radio fall under your organisation’s mandate?
A.3. What are the requirements for an individual’s/companies to operate and use the land mobile radio?
A.4. What are the penalties if an individual/organisation uses land mobile radio without prior permission?
A.5. Under what classification of license/permit the land mobile radio is issued in your country? 
A.6 How does your organisation monitor illegal operation of land mobile radio?


B.    Current Status of Frequency Allocations of Land Mobile Radio in SATRC countries
B.1. Which frequencies (range) are categorised under the land mobile frequency usage in your country?
B.2. Are there any frequency band plans issued for the usage of land mobile radio services?
B.3. Are there any frequencies/frequency bands in which the land mobile radio can be used without a license in your country? 
B.4. What is the minimum channel spacings determined for the land mobile radio services in your country?
B.5. Are there any frequency/frequency bands specifically assigned to land mobile services in the maritime application? Yes. If Yes, please provide the details. 


C. Land Mobile Radio Equipment 
C.1. Are there any manufacturers which manufacture land mobile radio handsets in your country?
C.2. Is the import of land mobile radio handsets allowed free in your country? Or does the custom department regulate the import of land mobile technical handsets with the need to obtain the technical clearance/Type Approvals from the relevant agencies?
C.3 What type of land mobile radio handsets are generally imported or used in your country?

D.	Public Safety Band
D.1. Are there any frequency bands that have been designated for public safety and disaster relief (PPDR) purposes in your country? 
        	D.1.1. If Yes, what are those frequency bands?
        	D.1.2. What are those public safety frequency bands dedicated to?


E.    Digital LMR systems 
E.1. Does your country currently use digital LMR systems?
E.2. Are there separate frequency bands dedicated especially to digital LMR systems?
D.3. What are the current channel plans used in your country for digital LMR systems?

F.   Policy Recommendation and Best Practices
F.1. What are the key policy recommendations for efficient use of Spectrum for public land mobile Radio?
F.2. What equipment would be recommended for efficient and effective monitoring of illegal frequency usage for land mobile radio?

G. Monitoring
G.1. How does your organisation monitor for illegal operation of land mobile radio?

G. 2. What are the penalties if an individual/company uses land mobile radio without prior license or permission?


2. [bookmark: _Toc209277895]Current Status of Land Mobile Licensing in SATRC Countries
For the usage of Land Mobile Radio Systems, citizens or companies generally need to be licensed by the country’s respective regulators to use the Land Mobile Radio Systems. However, there are some license-exempt bands in which the countries allow the usage of low powered LMRs. The only countries without a license exempt bands in the frequency range allocated to LMRs are Maldives, Nepal and Bhutan.

The respective organization that regulates the LMR systems in the country are as follows
[bookmark: _heading=h.ao3a6x1ocjvu][bookmark: _Toc205041140]Table 3 Regulatory bodies for respective SATRC member countries
	Country
	Regulatory Body for LMR

	Bangladesh
	Bangladesh Telecommunication Regulatory Commission

	Iran
	Communications Regulatory Authority

	Maldives
	Communication Authority of Maldives

	Nepal
	Ministry of Communications and Information Technology

	Pakistan
	Pakistan Telecommunications Authority

	India
	Department of Telecommunications

	Sri Lanka
	Telecom Regulatory Commission of Sri Lanka

	Bhutan
	Bhutan InfoComm and Media Authority




[bookmark: _heading=h.akhywslv68pk]To obtain a license for the usage of LMR in most of the member countries the documents required are technical specifications of the LMR, the purpose for the usage of LMR, a copy of the Identity card or an entity license or other identification documents, and a filled application form. The detailed requirements are as listed below:

[bookmark: _Toc205041141]Table 4 Documents required for obtaining LMR licenses in SATRC countries
	Countries
	Process and Documents required

	Bangladesh
	To use Land Mobile Radio in Bangladesh, the user/entity must have frequency assignment and radio equipment use permission from BTRC.


	Iran
	[bookmark: _heading=h.30j0zll]Users/ entities for working and using land mobile radio must obtain a license to establish and operate a radio network.


	Maldives
	Users/entities should approve the technical requirement.
· He must register as per regulation
· A valid licence to operate.

	Nepal
	Need to submit following documents for taking the license
· Purpose of using the LMR
· Recommendation of District Administration Office/ Home Ministry and Line Ministry
· Technical Specification and details of LMR
· Related documents of the company


	Pakistan
	To operate and use land mobile radio systems, both individual users and entities must adhere to specific licensing requirements. Below are the detailed requirements for users and entities:
· User: Must obtain an "Amateur Radio License" to operate and use the land mobile radio.
· Entity: Must obtain one of the following licenses:
· Voice Class Value Added Services License for the provision of trunk radio services.
· Private Radio Networks License. to operate and use the land mobile radio. services i.e. Land Mobile Wireless Networks, Radio Trunking Networks, Paging Networks, Aeronautical Ground to Air Communication Networks, Maritime Coastal Station Networks).


	India
	Only Indian entities or persons or entities registered in India can apply for usage permissions/ license.

	Sri Lanka
	· Land mobile equipment should be type approved by the Telecommunication Regulatory Commission of Sri Lanka (TRCSL).
· If the licensee is a company which shall be registered in the registrar of a company in Sri Lanka.
· If the licensee is an individual, he or she shall produce a national identity card.
· The licensee shall have clearance from the Ministry of Defence to operate a private Land mobile radio network.
· The operation of the PMR system shall not create any interference to other licensees.
· Licensee shall use radio equipment strictly subject to the technical parameters given in the assignment letter.


	Bhutan
	Licensed is issued based on the following requirements:
· Invoice for purchase of equipment if purchased directly from the vendors outside the country.
· Supply order or procurement evidence letter from the vendor if purchased from the Bhutanese vendors.
· CID copy if the applicant is an individual.
· Company Licence if the applicant is a company or business entity.
· The equipment should be Type Approved in Bhutan




The fines and penalties of the country for offences related to unlawful usage of LMR services differs from country to country although most countries have both imprisonment and payment of fines for the offenses.
 
[bookmark: _Toc205041142]Table 5 Penalties for unlawful usage of LMR systems
	Country
	Penalties

	Bangladesh
	maximum of 3 years of imprisonment or a fine not exceeding 2506.78 USD or both

	Iran
	Imprisonment and payment of fine

	Maldives
	Seize the equipment and pay fines

	Nepal
	Seize the Radio and pay fine

	Pakistan
	Maximum imprisonment of 3 years or a fine of 35,876 USD or both

	India
	Maximum penalty of 2340 USD upon repeated offence

	Sri Lanka
	Maximum of 3 months or a fine of 34.15 USDs

	Bhutan
	Issue a warning letter, maximum fine of 840 USD 











The name of the category used for licensing LMR services in the country are as follows:
[bookmark: _heading=h.wdggfl4k6b8c][bookmark: _Toc205041143]Table 6 Name of LMR license in SATRC member countries
	Countries
	Name of the License (License Category)

	Bangladesh
	Private Mobile Radio License and Short Band Radio License.


	Iran
	Radio Network License.


	Maldives
	Transmitting Station License


	Nepal
	Trunk Mobile Radio License

	Pakistan
	Classifications of licenses/permits that are issued are as under:
a. For Individual User: "Amateur Radio License" to operate and use the land mobile radio.
b. For Entity: 
1. Voice Class Value Added Services License for the provision of trunk radio services.
2. Private Radio Networks License to operate and use the land mobile radio. services i.e. Land Mobile Wireless Networks, Radio Trunking Networks, Paging Networks, Aeronautical Ground to Air Communication Networks, Maritime Coastal Station Networks).


	India
	Licenses are issued to following categories:
1. Terrestrial VHF/ UHF licenses (LMR)
2. Captive Mobile Radio Trunking Service licenses (CMRTS)
3. Public Mobile Radio Trunking Service licenses (PMRTS)
4. UHF Short Range Radio license


	Sri Lanka
	Land Mobile Service License (Private)

	Bhutan
	Apparatus License













3. [bookmark: _Toc209277896]Current Status of Frequency Allocations of Land Mobile Radio in SATRC countries
Based on the responses received to the questionnaire, the following bands mentioned in the table below are found to be allocated for LMR systems in the SATRC countries
[bookmark: _heading=h.d3xduub7nj5e]
[bookmark: _Toc205041144]Table 7 Frequency Planning for LMR systems in SATRC member countries
	Countries
	Frequency Range

	Bangladesh
	137 - 138 MHz, 141 - 143.6 MHz, 143.6 - 143.65 MHz, 143.65 - 144 MHz, n 146 - 146.55 MHz, 148 - 149MHz, 149 - 149.9 MHz paired with 154.05 -154.95 MHz, 166 - 167.5 MHz paired with 172.5- 174 MHz and many other VHF ranges mentioned in NFAT-2018
387 - 389.9 MHz paired with 397- 399.9 MHz, 385 - 387 MHz paired with 395 - 397 MHz, 417.5-420 MHz paired with 427.5-430 MHz, 432-433 MHz paired with 440-441 MHz, 455.25- 459.975 MHz paired with 465.25- 469.975 MHz and many other UHF ranges mentioned in NFAT-2018

	Iran
	All of the VHF/UHF bands that are allocated for mobile service are used for land mobile.

	Maldives
	HF
VHF (136-174MHz)
UHF (400-470MHz)

	Nepal
	HF
VHF (136-174MHz)
UHF (400-470MHz)


	Pakistan
	The identified frequency ranges for various services are as follows:
a. Radio Trunk Services
· 485-490 MHz / 495-500 MHz
· 806-811 MHz / 851-856 MHz
b. Maritime Mobile, Aeronautical Mobile, and Land Mobile
· 505-526.5 MHz
c. Fixed, Broadcasting, and Land Mobile
· 4750-4850 MHz
· 4850-4996 MHz
· 5450-5480 MHz
· 6767-7000 MHz
· 7350-8100 MHz
· 24000-24890 MHz


	India
	· VHF: 136-174 MHz (LMR)
· UHF: 350-351 MHz for UHF short-range radio (USR) usage and 446.0-446.2 MHz for Personal Mobile Radio.
· CMRTS/ PMRTS: 336-340/ 346-350 MHz, 351-358/ 361-368 MHz, 387.5-389.9/ 397.5-399.9 MHz, 417.5­420/ 427.5-430 MHz, and 811-824/ 856-869 MHz


	Sri Lanka
	HF
VHF
UHF

	Bhutan
	for VHF: 138.00 - 149.90MHz, 150.05 - 174.00MHz, 230.00 - 272.00MHz and 273.00 - 300.00MHz
for UHF: 300.00 - 328.60MHz, 332.42 - 399.90MHz and 406.12 - 430.00MHz



Some of the country has band plans for the usage of the bands allocated to the LMR services, however Bhutan, Sri Lanka has not developed band plans specifically for the LMR Services but are following their nation’s respective Frequency Allocation Table.

[bookmark: _heading=h.l5plktpcgcfw]There are some frequency bands which do not require a license to operate for most countries except for Maldives, Nepal, Pakistan and Bhutan. The following are the frequency ranges for each country’s license free band.

[bookmark: _Toc205041145]Table 8 License free bands for LMR operation

	Countries
	Frequency ranges

	Bangladesh
	In Bangladesh Land mobile radios with low power output (less than one watt) in Citizen Band (26.960MHz-27.410MHz) and SBR band (245-246 MHz) are used without a license.


	Iran
	No license free bands


	Maldives
	No license free bands

	Nepal
	No license free bands

	Pakistan
	No license free bands


	India
	446.0-446.2 MHz,


	Sri Lanka
	26.960 - 27.410 MHz
446-446.0825 MHz


	Bhutan
	No license free bands



Most member countries use the channel spacing of 12.5 KHz/25 KHz. Meanwhile some countries also use the channel spacing of 6.25 KHz but they are assigned on a case by case basis.

All the landlocked countries have no provision for maritime bands and some countries have separate frequencies for maritime application and India is considering the use of LMR bands in the VHF and UHF range to be assigned for maritime applications.

Except Sri Lanka, all the member countries have bands separately designated for public safety and disaster relief in their country. The frequency assigned for each country for public safety and disaster relief are as follows:
[bookmark: _heading=h.5adnyl14z55o][bookmark: _Toc205041146]
Table 9 PPDR frequency bands
	Countries
	Frequency Range

	Bangladesh
	The frequency range 440 - 470 MHz is designated for PPDR. 


	Iran
	380–399.9


	Maldives
	415.075- 416.00 Mhz
425.075- 426.00 Mhz	


	Nepal
	 449.025, 454.025, 148.175, 152.675 MHz are designated for NEOC (National Emergency Operation Center)


	Pakistan
	Following frequency bands have been designated for public safety and disaster relief purposes:
1. 814-824 MHz / 859-869 MHz: Allocated for Public Protection and Disaster Relief Services (PPDR).
2. 4940-4990 MHz: Allocated to Public Protection and Disaster Relief Services. 

	India
	PPDR
1. 380-387.5/ 390- 397.5 MHz
2. 410-417.5/ 420- 427.5 MHz
3. Part of 440-470 MHz
4. 806-811/ 851-856 MHz
5. 4940-4990 MHz
Public Safety: 
1. CMRTS: 351-358 MHz/361-368 MHz, 387.5-389.9 MHz/ 397.5-399.9 MHz, 417.5-420 MHz/ 427.5- 430 MHz and 819-824 MHz/ 864-869 MHz 
2. LMR (VHF): 136-174 MHz


	Sri Lanka
	450 MHz

	Bhutan
	182 kHz, 3 023 kHz, 5 680 kHz, 8 364 kHz, 121.5 MHz, 156.525 MHz, 156.8 MHz, 243 MHz, 1 544-1 545 MHz and 1 645.5-1 646.5 MHz



4. [bookmark: _Toc209277897]Current Status of Land Mobile Application Usage in SATRC Countries
Apart from using LMR systems imported from another country, there are some countries with manufacturing companies of LMR systems. They are Bangladesh, Iran and India.

All the custom departments of the member countries of the SATRC regulate the import of the LMR systems. The customs allow the import of the LMR systems based on the clearance from the respective regulatory authorities. 

The most common type of LMR systems used are Handheld transceivers, base stations and receiver.

With all member countries using Digital LMR systems except for Sri Lanka. All member country’s frequency is technology neutral except for India, who has separate frequency bands for Digital LMRs. In terms of frequency channel planning used by the member country, it differs vastly and the method they use are as follows:
[bookmark: _Toc205041147]
Table 10 Digital LMR frequency planning
	Countries
	Digital LMR frequency channel plan

	Bangladesh
	12.5 kHz channel spacing for enhanced capacity through TDMA

	Iran
	We use DMR and dPMR frequency plans for digital equipment

	Maldives
	No

	Nepal
	No

	Pakistan
	12.5 and 25 KHz is considered on Case to Case Basis

	India
	the designated frequency bands are 387.5-389.9 MHz/ 397.5-399.9 MHz, 417.5-420 MHz/ 427.5- 430 MHz and 819-824 MHz/ 864-869 MHz with a channel plan of 12.5/25 kHz bandwidth and TX/RX channel separation of 10/45 MHz. Captive Mobile Radio Trunking (CMRTS) networks are extensively used by state/city police, public sectors, utilities, metros, airports, refineries, steel plants, etc., for their captive communications needs.


	Sri Lanka
	For the time being there is no such plan. But we are in the process of preparing a channel plan for Private Land mobile services.


	Bhutan
	The preferred channel spacing in all above bands shall be integer multiple of 12.5 KHz, as far as practical and efficient.




5. [bookmark: _Toc209277898]Challenges faced by Regulatory Bodies in Land Mobile Systems
Effective spectrum management is vital for ensuring the proper operation and coordination of land mobile systems, which are widely used in sectors such as public safety, transportation, and commercial enterprises. Across the SATRC region countries, regulatory bodies face multiple challenges in monitoring and enforcing compliance among land mobile radio users. These challenges range from technological limitations and resource constraints to the evolving nature of unauthorized radio operations.
a. Technological and Infrastructure Limitations
One of the most significant hurdles for regulatory authorities is the lack of advanced and widespread spectrum monitoring infrastructure. For example, Bhutan, a country with limited resources, currently relies on just two fixed monitoring units, one direction-finding device, and a single spectrum analyzer. Such minimal equipment makes comprehensive, real-time spectrum surveillance difficult, especially in mountainous or remote areas.
Similarly, countries like Maldives and Nepal indicate they rely on regular monitoring and inspection practices, but do not detail the extent or sophistication of their equipment. While these activities contribute to regulatory oversight, they may not be sufficient to counter increasingly sophisticated and mobile unauthorized users. The absence of mobile monitoring units or advanced data analytics tools can significantly hinder real-time detection and intervention.
b. Operational and Enforcement Challenges
Enforcement of land mobile system regulations often involves both technical and procedural difficulties. In Iran, for instance, monitoring and inspection processes are conducted by regional departments, combining remote monitoring with on-site inspections. Although this multi-pronged approach aligns with ITU recommendations, the effectiveness of such systems depends heavily on the frequency and coverage of inspections and the human resources available.
India, with its extensive Wireless Monitoring Organization (WMO), is better equipped in terms of infrastructure. It operates 27 Wireless Monitoring Stations across the country that conduct regular inspections, detect unauthorized transmissions, and enforce penalties. However, even in such a relatively well-resourced environment, challenges remain in swiftly responding to interference, particularly in densely populated or industrialized areas where multiple transmissions coexist.
Pakistan presents a robust model through its coordination between the Pakistan Telecommunication Authority (PTA) and the Frequency Allocation Board (FAB). Their efforts include periodic spectrum surveys using fixed and mobile monitoring units, direction finders, and other sophisticated monitoring software. Additionally, Pakistan has implemented a complaint management system that analyses and responds to illegal usage reports. While this proactive strategy is commendable, the challenge lies in keeping up with the rapid evolution of technology and the clandestine nature of many unauthorized operators.
c. Human Resource Constraints and Capacity Building
Another key challenge is the limited availability of trained professionals capable of managing and interpreting complex spectrum data. Countries like Bangladesh and Sri Lanka operate VHF and UHF monitoring systems and handle issues primarily on a complaint basis or through routine inspections. However, without a large, well trained workforce, maintaining a high standard of surveillance and quick response becomes problematic.
In Sri Lanka, the Telecommunications Regulatory Commission depends on interference investigations and complaint-driven monitoring. This reactive approach may delay resolution and allow continued unauthorized use until formal complaints are lodged and verified.
d. Legal and Regulatory Enforcement Limitations
Legal enforcement is often another weak point. Even when illegal operators are identified, regulatory agencies may lack the legal power, political backing, or judicial efficiency to impose meaningful penalties. Countries may also struggle with outdated laws that do not adequately address the complexities of modern radio communication systems.
For example, although member countries mentioned in this review, have frameworks to confiscate equipment or penalize unauthorized users, the enforcement process can be time-consuming and resource-intensive. There may also be resistance from users who are unaware of the legal requirements or who operate in informal sectors where regulatory compliance is low.

[bookmark: _Toc209277899]Chapter IX - Analysis, Conclusion and Recommendation

Effective spectrum management is a cornerstone of efficient and reliable Land Mobile Radio (LMR) communication systems, which are essential for public safety, transportation, industrial operations, and government services. The insights gathered from multiple countries reveal that while there is growing awareness of the importance of efficient spectrum use, significant disparities remain in the deployment of advanced technologies, regulatory enforcement, and monitoring capabilities.
[bookmark: _heading=h.nfj3fhialdgn]
a. [bookmark: _Toc209277900]Analysis
Across the SATRC region countries, there is a common understanding of the need to transition from analog to digital LMR systems. Digital technologies such as DMR (Digital Mobile Radio), dPMR, and trunked radio systems offer improved spectrum efficiency, higher audio quality, and support for data services. Pakistan, for instance, has proposed a comprehensive framework that includes digital adoption, trunking, narrow banding, and dynamic spectrum access. These technologies allow for more flexible and efficient use of spectrum resources, especially in high demand urban areas.

Bangladesh emphasizes technical refinements such as appropriate transmitter receiver separation, proper antenna specifications, and low-power operation to reduce out-of-band emissions. India supports spectrum reuse strategies, recommending the assignment of different frequency groups based on geographic scope (fixed-site, local-area, pan-area) and the reuse of frequencies depending on coverage and coexistence potential.

While some countries such as Pakistan and India have structured monitoring and planning mechanisms in place, others such as the Maldives and Nepal are still in the research and planning phase, indicating a gap in regional parity. Equipment availability also varies widely. Bhutan, for example, has limited fixed and direction-finding tools, whereas Pakistan and India utilize mobile units, handheld devices, and advanced analysers for both enforcement and surveillance.
[bookmark: _heading=h.pyja3s3890l8]

b. [bookmark: _Toc209277901]Conclusion
The analysis highlights that although the intent to improve spectrum efficiency is clear, implementation varies significantly based on resources, technical capacity, and regulatory maturity. Countries with more developed infrastructures are already benefiting from advanced spectrum monitoring tools and well-defined planning frameworks. However, others require capacity-building, modernization of systems, and policy support to reach similar levels of efficiency and compliance.
Several key issues persist across the region:
· Continued reliance on analog systems in some areas
· Inconsistent or outdated frequency planning and allocation practices
· Gaps in real time spectrum monitoring and enforcement
· Lack of interoperability between systems used by different agencies
· Limited public and institutional awareness of the advantages of digital LMR systems

c. Recommendations
To address these challenges and move towards more efficient spectrum utilization in LMR, technology evolution and implementation, standardisation, benefits of deriving economy of scale, efficient licensing regime, effective monitoring mechanisms, proper coordination systems, the following recommendations are proposed:

[bookmark: _Hlk209281376]i. Develop Harmonized National Allocation Plan for Frequency Assignment
It is very important that all the SATRC countries develop a harmonized National Allocation Plan for LMR and align all LMR frequency allocations with ITU-R Recommendations and APT band plans to facilitate equipment standardization and cross-border coordination. From the responses to the questionnaires received, it is found that most of the SATRC countries has allocated the 136 – 174 MHz and 400 – 470 MHz for LMR services. These range of frequencies can be harmonized for LMR usage in SATRC countries and published in respective SATRC countries based on country’s requirement. 

Since it depends on the availability of the devices in respective countries and as it has to depend on the manufacturer’s ability to comply with the harmonized allocation, the timeline may not be justified at this time.

Moreover, since there are certain radio interferences from the FM or aeronautical bands, it is also important to reserve guard bands to prevent interference in adjacent bands.

ii. Adoption of Digital Technologies
The LMR systems have evolved from conventional to digital technologies and systems. The analog to digital transition particularly DMR and trunked radio has numerous advantages. These technologies not only improve performance and quality but also allow more users to share a limited spectrum. It is therefore important that SATRC countries promote the digital LMR and if possible also provide incentives to agencies or companies moving to digital and trunked systems.

iii. Simplify the Licensing Process and Regime
It is found that LMR licensing practices range from easy processes to complex licensing structure based on the experiences shared as well as through the literature reviews. Therefore, SATRC countries may adopt simple licensing processes for LMR services. Most specifically, it is important that for the low-power users below 1W, the licenses can be issued in the form of general authorisation with certain licensing processes. However, users using short-range radios below the power of 10mW may be exempted from the licensing process. 

iv. Enforce Technical Standards and Equipment Certification
It is also important to ensure that all LMR equipment is type-approved and uncertified or imported radios that operate outside the licensed bands may be restricted. It is mainly to minimise or prevent unnecessary radio interferences.

Since some country does not have testing facilities for LMR equipment, it is recommended that SATRC countries may accept the Type Approval certificate of the equipment from other SATRC member countries, which will allow for some of the technical standards to be harmonized.

v. Strategic Spectrum Allocation and Planning
It is important that SATRC countries also develop and regularly update national spectrum plans that align with global technological advancements. Plans should anticipate future demand and allocate spectrum in a scalable, efficient manner.

vi. Capacity Building and knowledge sharing for Regulators
It is also important that all SATRC countries build the capacity and share their knowledge on operation and monitoring of LMR services including the planning and engineering aspects such as training in spectrum planning tools (ITU-R SM.1047, SM.1537), Field monitoring and DF (direction finding). 

The capacity building can be done among the SATRC member countries itself, where countries that are more advanced in the field of LMR in terms of monitoring, inspection and regulation, can help the countries that are less advanced in the field of LMR.

vii. Identification and Harmonization of Common Frequency Bands
To enable interoperability and reduce procurement costs, SATRC countries should identify and adopt a set of common VHF and UHF bands for LMR systems. The most common frequency that has been allocated to the LMR is in the range of 136 - 174 MHz for VHF and 400- 470 MHz for UHF. The most common license free band is in the range of 446 - 446.2 MHz.

Harmonizing these bands will support the development of shared technical standards and allow for bulk equipment procurement, creating economies of scale. This harmonization will also benefit regional emergency coordination and cross-border collaboration in times of disaster.

vii. Standardization of Technical Licensing Parameters
To facilitate coordination and reduce complexity, SATRC countries could agree on a standardized set of technical parameters for LMR licensing. These parameters can include transmit power limits of up to 50 Watts for base stations, channel spacing of 25 KHz for legacy systems use, 12.5 kHz for normal use and 6.25 KHz for advanced digital system use, modulation schemes that are technology neutral and interoperable, frequency tolerance of up to ±2.5ppm, and spurious emission limits as recommended under ITU-R SM.329. A common technical foundation will ease equipment approval processes, simplify cross-border operations, and support unified regulatory frameworks.
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