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Introduction
[bookmark: _Hlk119857110]There is a growing demand for affordable air to ground and ground to air connectivity, due the rising expectation for connectivity in airplanes. Traditionally, connecting an aircraft with the ground can be achieved between satellite and terrestrial systems. For example, GSO-satellites have the advantage of a global coverage spanning both land and sea, which makes them suitable for intercontinental flights which flying over remote land and dispersed islands. Some satellite-based in-flight connectivity (IFC) services suffer from long latency. 
[bookmark: _Hlk160508393]Nowadays, several test campaigns have demonstrated that terrestrial IMT networks can respond to this type of connectivity demand. Standards Developing Organizations (SDOs) such as ITU-R, 3GPP are currently standardizing functionalities to support these use cases. 
[bookmark: _Hlk160508338]Despite phenomenal advances in terrestrial mobile communications, providing broadband IFC to aircraft passengers could be further improved. Besides using satellites, IFC services also can be provided using direct air-to-ground (ATG) communications, because the alternative approach based on ATG communications leverages cellular technology to establish direct connectivity between terrestrial base-stations (BSs) and aircraft. For instance, the European Aviation Network connects the European skies using satellites in combination with a ground network based on long-term evolution (LTE). The Gogo Biz ATG network uses a variant of the third generation (3G) code division multiple access (CDMA) 2000 technology to provide IFC in North America. 
APT studies in the past
APT Wireless Group (AWG) developed APT Reports on Broadband Wireless Air-To-Ground (ATG) Communications Links with Passenger Aircraft during the period of 2019 (APT/AWG/REP-95). The APT Report discussed operation scenarios, key operating issues, technical aspects and spectrum issues. However, considering increasing demand for in-flight bandwidth and developing of IMT technologies, thus it could be difficult to fully reflect current status of ATG in APT Region. Finally, it is notable that ATG communication, as one of the lasted specific applications, also always is interested in APT region.
ITU-R studies
Report ITU-R M.2282-0 was developed in ITU-R Working Party (WP) 5A; then it was published in 2013 to provide an overview of general principles, technical characteristics and operational features of terrestrial systems for public mobile communications with aircraft. Meanwhile, in response to the demand of the aviation industry for broadband connectivity such systems have been deployed and are in commercial operations. Ten years after its initial release the Report is being updated to reflect the latest state of the industry in this cycle. Based on its working plan, it is going to upgrade the Draft to Preliminary Draft Report in 2023.
Development of IMT technologies
The advent of new radio (NR), applied in Recommendation ITU-R M.2150, offers new opportunities to enhance ATG performance. 5G communication techniques such as large antenna arrays, multi-user beam-forming and higher order modulation schemes will improve ATG systems to provide capacity levels estimated by the industry. With this motivation, the 3rd Generation Partnership Project (3GPP) has been developing specifications for NR-based non-terrestrial networks which include support for ATG communications.
Based on above aspects, At AWG-31 meeting, AWG decided to develop a new APT report for Air-to-ground (ATG) communication system bases on IMT technologies in APT Region. AWG invites APT Members to respond to this questionnaire to support the study.
Objectives
To study and collect current and potential planned Air-to-ground (ATG) applications based on IMT technology. The studies include investigations on:
−	global trends of ATG based on IMT technologies
−	on-going standardization progress in standards developing organizations
−	examples or experiences of industry developments.
Current status and on broadband IFC to aircraft passengers in APT countries
Current Status/Statistical Data on Broadband In-Flight Connectivity (IFC)
Australia
Domestic, international commercial, and business aircraft in Australia currently communicate with Geostationary Orbit (GSO) and Non-GSO (Low Earth Orbit (LEO) and Medium Earth Orbit (MEO)) satellites to provide IFC. The satellite bands used include L, S, Ku, and Ka. Data on this can be found in the CAPA report titled IFC in Asia Pacific (September 2021) and The Sydney Morning Herald article “Will there be Wi-Fi on your flight? Which airlines have it and what it costs” (27 November 2023).
Bhutan
IFC services are not offered at this moment hence, there is no data on it.
China
In the coming decades, the aviation market is expected to experience substantial growth. According to the aviation market forecast released by the International Air Transport Association (IATA), by 2037, the number of air passengers could double, reaching 8.2 billion. By 2025, China will become the world's largest single aviation market[1]. The penetration rate of in-flight internet is relatively high in some countries, with the rate exceeding 80% in the United States and 50% in Europe. According to the Civil Aviation Administration of China's (CAAC) "Bulletin," by the end of 2021, there were 3,856 registered passenger aircraft in the civil aviation industry, with 213 aircraft equipped with in-cabin internet access, accounting for about 5.5% of the total operating aircraft. The significant disparity in penetration rates between China and some other markets indicates that the penetration of in-flight internet in China is still not ideal. 
As of 2021, the annual passenger throughput at Chinese airports exceeded 440 million[2]. According to a survey by China Civil Aviation Network, over 73% of passengers have a primary desire to access the internet during their journey, and this desire approaches 100% for flights longer than four hours[3]. This indicates that China's in-flight internet industry has significant growth potential, and the in-flight information consumption sector has a broad market development prospect.
Malaysia
Currently, in-flight connectivity (IFC) services for commercial aircraft are provided by licensed service providers. The use of spectrum is facilitated through Apparatus Assignment (for the satellite component of earth stations communicating with space stations) and Class Assignment (for Wi-Fi connectivity).
Viet Nam
ARFM Viet Nam issues licenses for Radio Frequency and Equipment use for broadband in-flight connectivity (IFC) to aircraft passengers in the Mobile Satellite Service. ARFM Viet Nam has issued approximately 20 frequency licenses for this IFC system. Currently, two airlines are expressing interest in exploring the implementation of broadband IFC.
Cambodia
. Cambodia does not have any data on IFC service.
Thailand
Broadband in-flight connectivity (IFC) to aircraft passengers has been commercialized in Thailand. The service is provided based on in-flight Wi-Fi with connections from airplanes to ground stations through GSO services.
Radiocommunication Services Applied for Broadband IFC
Australia
Mobile Satellite Services (MSS) and Fixed Satellite Services (FSS) are currently applied for broadband IFC to aircraft passengers in Australia.
Bhutan
Not applicable as no IFC services are offered as of now.
China
Mobile Services (MS) and Fixed Satellite Services (FSS) are currently applied for broadband in-flight connectivity (IFC) to aircraft passengers.
Malaysia
Mobile Satellite Services (MSS) and Fixed Satellite Services (FSS) are currently applied for broadband in-flight connectivity (IFC) to aircraft passengers.
Myanmar
Mobile Satellite Services (MSS) are currently applied for broadband in-flight connectivity (IFC) to aircraft passengers.
Viet Nam
Mobile Satellite Services (MSS) are currently applied for broadband in-flight connectivity (IFC) to aircraft passengers.
Cambodia
Others.
Thailand
Fixed Satellite Services (FSS) are currently applied for broadband in-flight connectivity (IFC) to aircraft passengers.
Licensing for Radiocommunication Services
Australia
FSS Earth stations (ESIM) and MSS Mobile Earth stations on aircraft are licensed under a Radiocommunications (Communication with Space Object) Class Licence in bands subject to this regulatory framework. The licensing is not granted separately but is combined under this Class Licence.
Bhutan
Not Applicable as of now but frequencies may have to be assigned and licensed if such services are being offered by local Aviation companies.
China
If more than one option is selected in question 2, the administration grants the licenses separately rather than combining them into a single license.
Malaysia
The license for the satellite component (earth station communicating with space station) is issued separately for each aircraft based on the frequency band and the communicating satellite.
License Holder for Broadband IFC
Australia
The Class Licence is not issued to a specific entity but authorises communication with a station on a space object, which is authorised by a space or space receive licence. The space or space receive licence is held by the entity responsible for operating the IFC service.
Bhutan
Not determined at the moment but any individual or company intending to provide IFC services will have to seek license as per the prevailing norms/policies/regulations.
China
China Mobile was approved to conduct technology trials using the 4840-4900MHz frequency band in parts of Shaanxi and Shanxi Province. In addition, the competent authority of China has issued a trial frequency license to China Mobile for carrying out technical trials of air-to-ground communication on the Chengdu-Dunhuang-Turpan air route within the 4840-4900MHz frequency band, and the trials are currently in progress.
Malaysia
The license for broadband in-flight connectivity (IFC) is held by the satellite operator.
Myanmar
The technology trend suited for broadband in-flight connectivity (IFC) is Geostationary Orbit (GSO) satellites.
Viet Nam
The license for broadband in-flight connectivity (IFC) is held by airline companies.
Cambodia
No license is issued.
Thailand
Airlines.
Demand for Broadband IFC
Australia
There are demands from industries and general users for broadband IFC in Australia.
Bhutan
BICMA has not received any requests/queries as of now.
China
There are demands from industries and general users for broadband IFC.
Malaysia
There are demands from industries and general users for broadband in-flight connectivity (IFC).
Myanmar
There are demands from industries and general users for broadband in-flight connectivity (IFC).
Viet Nam
There are demands from industries and general users for broadband in-flight connectivity (IFC).
Cambodia
There are demands from industries and general users for broadband in-flight connectivity (IFC).
Thailand
Slow demand. The demand could shift up with lower prices of connectivity.
Technology Trends Suited for Broadband IFC
Australia
Air-to-ground (ATG), Geostationary Orbit (GSO) satellites, and Non-GSO (LEO and MEO) satellites are technology trends that could be suited for broadband IFC in Australia.
Bhutan
Air-to-ground (ATG), Geostationary Orbit (GSO) satellites, and Non-GSO (LEO and MEO) satellites are technology trends that could be suited for broadband IFC.
China
Air-to-ground (ATG) and GSO-satellites are technology trends that could be suited for broadband IFC.
Malaysia
The technology trends suited for broadband in-flight connectivity (IFC) include air-to-ground (ATG), Geostationary Orbit (GSO) satellites, and non-GSO (Non-Geostationary Orbit) satellites.
Myanmar
The technology trend suited for broadband in-flight connectivity (IFC) is Geostationary Orbit (GSO) satellites.
Viet Nam
The technology trends suited for broadband in-flight connectivity (IFC) include air-to-ground (ATG) and Geostationary Orbit (GSO) satellites. For air-to-ground communications in Viet Nam, Viettel proposed to deploy an ATG trial, but due to the harmonization of Viet Nam's frequency allocation, the implementation proposal was not accepted.
Cambodia
Geostationary Orbit (GSO) satellites, and NGSO satellites are technology trends that could be suited for broadband IFC.
Thailand
GSO and NGSO satellites are technology trends that could be suited for broadband IFC.
Summary
Based on the information collected from APT members, it can be observed that current broadband in‑flight connectivity and air‑to‑ground related deployments in the APT region are at an early stage and are primarily driven by commercial aviation use cases. Existing ATG or ATG‑related systems typically operate with relatively limited channel bandwidths and are largely based on 4G, with deployments often concentrated in specific frequency ranges, notably in the 2 GHz band (e.g., 3gpp band b65 or portions in b65).
While these systems have demonstrated the feasibility of providing air‑to‑ground connectivity using IMT‑based technologies, the current status also indicates constraints in terms of achievable capacity, scalability and long‑term evolution potential. At the same time, the growing demand for broadband connectivity onboard aircraft suggests that future ATG developments may require additional spectrum resources, wider bandwidths and more advanced mobile technologies.
Considerations on future development of IMT ATG in APT countries
Candidate Technologies for ATG Application
Australia
Arrangements for air-to-ground (ATG) communications are being considered as part of efforts to enable the use of the frequency ranges 1980–2005 MHz and 2170–2195 MHz for Australia-wide mobile-satellite services (MSS). This work includes support for the deployment of a complementary ground component (CGC), which encompasses direct air-to-ground communications services (DA2GC). Refer to the ACMA consultation on 2 GHz MSS Technical Parameters and Demand Considerations (https://www.acma.gov.au/consultations/2023-11/2-ghz-mss-technical-parameters-and-demand-considerations). Subject to outcomes of a yet to commence consultation on the legal framework for allocation of licenses, allocation of licenses is expected to commence in Q4 2026.
Bhutan
MSS could be considered for ATG application.
China
IMT-2020 technologies, also known as 3GPP 5G NR (New Radio), will be considered for air-to-ground (ATG) applications in China.
Malaysia
No applications for air-to-ground (ATG) technologies have been received to date.
Myanmar
Not mentioned.
Viet Nam
No research on candidate technologies for air-to-ground (ATG) applications has been conducted.
Cambodia
Currently, no information or related research has been conducted.
Thailand
Thailand maintains technology neutrality principle. The candidate technologies will be decided by the market with the conditions that they shall not cause interference to aeronautical safety.
Current Commercialization Status of ATG Application
Australia
ATG applications are under consideration and are likely to be commercialized in the future, depending on the outcome of the allocation of licenses for mobile-satellite services in 2025.
China
ATG applications are under consideration and are likely to be commercialized in the future. If ATG applications are already on the market, the ATG devices installed on aircraft must obtain design approval from the Civil Aviation Authority (CAA).
Malaysia
There are currently no plans to commercialize ATG applications.
Myanmar
[bookmark: OLE_LINK9]ATG applications are under consideration and are likely to be commercialized in the future.
Viet Nam
There are no plans to commercialize ATG applications at this time.
Cambodia
ATG applications are under consideration and are likely to be commercialized in the future.
Thailand 
There are no plans to commercialize ATG applications at this time.
Utilization of ATG Applications and Devices Under Current Regulations
Australia
ATG applications and their devices cannot be utilized under Australia's current regulations.
Bhutan
Any inflight broadband usage may first need regulatory approval from the Civil Aviation Authority of Bhutan (BCA).
China
ATG applications and their devices cannot be utilized under China's current regulations.
However, China is developing relevant studies on revie current domestic radio regulation and possible ATG RF requirements and mitigation schemes.
Viet Nam
ATG applications and their devices cannot be utilized under the current regulations.
Plans to Establish New Regulations for ATG and Its Devices
Australia
Australia has plans to establish new regulations for ATG and its devices.
China
The answer regarding plans to establish new regulations for ATG and its devices will be updated.
Viet Nam
Yes, there are plans to establish new regulations for ATG and its devices.
Frequency Ranges and Maximum Transmit Power for ATG Application and Its Devices
Australia
Arrangements for ATG are being considered as part of efforts to enable the use of the frequency ranges 1980–2005 MHz and 2170–2195 MHz for Australia-wide mobile-satellite services (MSS).
China
The answer regarding frequency ranges and maximum transmit power for terrestrial base stations and devices will be updated, while relevant description on 3.5GHz and 4.9GHz for ATG is discussing under the updated of China Frequency Allocation Table.
Viet Nam
At the moment, Viet Nam has no specific plans, but it supports studies and associated possible regulatory actions for ATG systems.
Incumbent Radiocommunication Services to Be Protected from ATG Application and Its Devices
Australia
This work includes support for the deployment of a complementary ground component (CGC), which encompasses direct air-to-ground communications services (DA2GC).
Bhutan
Incase ATG is implemented, the terrestrial mobile communications may have to be protected from possible interferences.
China
Based on sharing studies from CCSA report in China, possible incumbent radiocommunication services/applications include FFS, aircraft altimeters and terrestrial component of IMT.
Viet Nam
At the moment, Viet Nam has no specific plans, but it supports studies and associated possible regulatory actions for ATG systems.
Summary
ATG networks are gaining momentum globally since they address key national issues of aerial connectivity as well as national sovereignty. Some future developments like new feature development, device certification etc are being considered to address several key aspects of IMT based ATG systems that are evolving from LTE to 5G/NR. Spectrum harmonization for ATG is a crucial factor that needs to be aligned across the geography since it will impact issues like roaming, border handovers, device ecosystem etc. 
In addition, while current ATG infrastructure are deployed mainly for commercial in‑flight connectivity, future applications may extend to other governmental or mission‑critical aerial operations like defence and national U Space integration. These evolving application scenarios may introduce new requirements in terms of coverage, reliability and regulatory considerations, which should be taken into account in future studies and policy discussions within the APT framework.
Activities on sharing studies between IMT ATG and incumbent services in some APT countries.
In 2023, the CCSA finalized the study report SR 441-2023, addressing the spectrum needs and compatibility of Air-to-Ground (ATG) broadband communication systems.
This report primarily investigates the spectrum requirements of the Air-to-Ground (ATG) system when using a frequency scheme of 3.5 GHz (downlink, ground-to-air) and 2.1 GHz/1.8 GHz (uplink, air-to-ground), as well as studies its interference compatibility with co-frequency and adjacent-frequency systems. The key findings are as follows:
1) The total spectrum requirement for the ATG system is up to 58.6 MHz in areas with slight interference, up to 64.2 MHz in areas with moderate interference, and up to 80 MHz in areas with severe interference.
2) In ATG network, ATG ground base stations are deployed to provide connectivity for aircraft. As seen in Figure 1, downlink (DL) communication (or backhaul link) for aircraft is named as forward link (ground-to-air). Moreover, regarding aircraft aspects, it can be seen as mobile terminals in ATG network, mainly operates approximately from 3 to 10km in the altitude level. Possible interference scenario between ATG DL and fixed-satellite service (space-to-Earth) can be considered; while other interference scenarios is for further study.
[image: ]
Figure 1 An example of ATG network architecture and interference scenarios

3) For coexistence between the 3.5 GHz ATG system base stations and co-frequency IMT terminals, a maximum isolation distance of 2.67 km is required. Coexistence with co-frequency FSS satellite earth stations require a maximum isolation distance of 37.5 km, which can be achieved through geographic isolation measures such as site avoidance. For interference from the ATG system to adjacent-frequency IMT terminals, an isolation distance of no more than 1 km is needed. When interfering with adjacent-frequency FSS earth stations, a protection distance of up to 3.3 km is required, which can be addressed through geographic isolation or the installation of filters to protect the affected systems. Regarding interference from the ATG system to aircraft altimeters, considering the worst-case scenario, when the flight altitude is below 1 km, the horizontal distance between the ATG base station and the aircraft must be greater than 2 km to avoid interference. This can be mitigated by establishing a geographic isolation protection zone around airports for ATG base stations to safeguard aircraft altimeter systems.
Standardization activities on IMT for ATG
3GPP
Rel-17[1] specifies enhancements for NTN, particularly for long propagation delays, large Doppler effects, and moving cells in non-terrestrial networks like Low Earth Orbit (LEO) and Geosynchronous Earth Orbit (GEO). Implicit compatibility is included to support scenarios involving high-altitude platform stations (HAPS) and air-to-ground (ATG) communications.
In order to enable passengers to access the Internet in the cabin of an aircraft through the use of a wireless LAN, in December 2020 3GPP RAN4 discusses the definitions in R17 regarding ATG (Air-to-ground) network technology.
3GPP TR 38.876 Rel-18[2] address the RF, RRM, and co-existence aspects of the work item "Air-to-ground network for NR". Key study objectives include: evaluating adjacent channel co-existence in ATG scenarios, defining RF core requirements for ATG networks and UEs to ensure proper deployment support, and establishing RRM requirements to facilitate ATG network deployment and UE mobility.
ETSI
Extensive studies have been carried out in Europe to identify suitable frequency band(s) for A2G systems, including 1900- 1920 MHz, 2010-2025 MHz, 2400-2483.5 MHz, 3400-3600 MHz, and 5855-5875 MHz.
· A2G system identified in ETSI TR 103 054[3]: This A2G system was based on the LTE specifications, using paired spectrum of 2×10 MHz for frequency division duplex (FDD) operation. Trials were conducted in Germany within the 2.6 GHz FDD bands. The trial results demonstrated peak data rates of up to 30 Mbps in the downlink and 17 Mbps in the uplink.
· A2G system identified in ETSI TR 101 599[4]: This A2G system was optimized to operate within the bands 2400-2483.5 MHz and 5855-5875 MHz, utilizing 20 MHz TDD spectrum or 2×10 MHz FDD spectrum. The air interface was based on OFDM. This system featured adaptive beamforming antennas and used four separate phased array antennas at each ground station. Each phased array antenna could generate multiple spatially separated beams to serve the aircraft.
· A2G system identified in ETSI TR 103 108[5]: The system was designed to operate in the 5855-5875 MHz TDD band and could use 5 MHz or 10 MHz bandwidth. The air interface was Universal Mobile Telecommunications System (UMTS) based on CDMA.
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