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[bookmark: _Toc122538828][bookmark: _Toc137469441]Background to the studyReport
The current mobile phone market is seeing the development of constellations of non-geostationary satellites that can provide complementarily terrestrial mobile communications services to and from unmodified market-available smartphonesIMT user equipment while extending their range and connectivity options. To avoid non-harmonised country-by-country solutions, which could result in the risk of insufficient cross-border coordination solutions, there is a need for a European-wide harmonised approach that includes regulatory and technical conditions for supporting such a satellite-based solution., This harmonised approach will ensure that interoperability, European-wide roaming, seamless handover between networks and non-discriminatory access remain possible. 
Due to the specific technical challenges, like small power and low antenna gains of the smartphonesIMT user equipment (without any off-axis antenna gain discrimination), standard frequency coordination may not be feasible and therefore rules must be developed for in-band plus in-beam operations but also for off-beam and/or out-of-band emissions to protect incumbent services. The coordination means are to be developed based on the identification of possible technical solutions and studies, such as co-existence studies for in-band and adjacent band services along with technical analyses on power-flux density (PFD) limits to protect in band and affected out-of-band services in neighbour countries that did not authorise such use. 
[bookmark: _Toc501377631][bookmark: _Toc501387106][bookmark: _Toc303609760][bookmark: _Toc303674955][bookmark: _Toc303675389][bookmark: _Toc303675902][bookmark: _Toc122538829][bookmark: _Toc137469442]Objective of the studyREPORT
The aim of this draft ECC Report is to develop an understanding of direct-to-cell satellite connectivity (including a technical description of the satellite component and how it works), to define related use cases, and to explore relevant regulatory and national licencing issues. The cellular devices to be considered in the D2C communications are unmodified smartphonesIMT user equipments and may be operating in a variety of bands including 3GPP NTN in MSS bands and/or connectivity in MFCN bands. Such operations with a direct connection to/from satellites can be considered complementary to the terrestrial mobile services for normal, market-available, and unmodified smartphonesIMT user equipment. There will be a focus on satellite-to-cellular systems operating in frequency bands with no allocations to satellite communications (i.e. MFCN bands). 
The first step of achieving this goal is to develop the information basis for the regulatory and technical aspects, including the use cases of directly connecting market-available smartphonesIMT user equipment by satellites complementing the coverage of terrestrial mobile networks. For example, these may be cooperation between satellite network operators (SNOs) and existing and licensed MNOs.
In a first step, this report should consider LEO systems and provide a general overview for all 3GPP NTN, MFCN as well as MSS frequency bands below 3 GHz. Hence, both main approaches shall be included, the classical mobile satellite service (“MSS”) as well as – via SNO-MNO agreements on the rights to use MNO licensed terrestrial radio spectrum bands identified for IMT – the extension of terrestrial mobile network coverage by satellites as a complement under the MNO license conditions. In this context, the coordination of ITU filings and the operation under ITU-RR No. 4.4 must be analysed.
The final objective is the development of a common view amongst CEPT administrations on all the regulatory and technical issues associated with this satellite-based communications service provisioning.
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Emerging terrestrial-satellite partnerships, global market trends, and customer demands
Terrestrial-Satellite Partnerships
The relationship between satellite network operators and mobile network operators is rapidly evolving. With the exponential growth in demand for seamless and ubiquitous connectivity, particularly in remote or underserved regions, these two industries are collaborating to leverage each other's capabilities. Satellite networks offer meaningful coverage across vast expanses of land and sea, filling in the gaps where terrestrial infrastructure falls short. Mobile network operators, on the other hand, deliver high-speed data and cater to the dynamic needs of mobile consumers. By combining their resources and expertise, they can provide comprehensive solutions that deliver reliable connectivity.
A number of D2C announcements have recently been made public: 
- Lynk Global 
Lynk's initial service has been operational in Palau in partnership with Palau National Communications Corporation (PNCC) and provide coverage to all of Palau’s 300+ islands and surrounding waters.[footnoteRef:2] Lynk is also active in Solomon Islands where it is partnered with local MNO bmobile[footnoteRef:3], and in Papua New Guinea, in partnership with local MNO Telikom.[footnoteRef:4] [2:  Lynk, Lynk and Palau National Communications Corporation (PNCC) Begin Initial Sat2Phone Service to PNCC Mobile Subscribers]  [3:  Lynk, Lynk and bmobile Solomon Islands Limited Begin Sat2Phone Service for bmobile Subscribers]  [4:  Via Satellite, Lynk Launches Initial Satellite to Cell Service in Papua New Guinea With Telikom Limited] 

- AST Space Mobile
AST SpaceMobile has devised a plan to provide direct connections to existing IMT User Equipment via specific satellites that will function as cellular base stations. This initiative is being undertaken in collaboration with terrestrial mobile network operators (MNOs). AST SpaceMobile has announced contractual arrangements with over 45 mobile network operators across the globe.
Its principal contractual relationships with Mobile Network Operators (MNOs) are with Vodafone in 49 jurisdictions in the equatorial region, predominantly in Africa. Additionally, two of the largest MNOs in the United States make use of the 850 MHz spectrum, namely AT&T and Verizon.[footnoteRef:5] [5:  AST Space Mobile, Strategic Partners] 

- Space X 
SpaceX D2D will commence providing services through agreements with MNOs to mobile subscribers of partner networks, with SMS messaging scheduled for implementation at the end of 2024. The company has also indicated its intention to deploy voice and low data throughput applications from 2025. SpaceX has publicly announced partnerships with seven mobile operators on four continents.  In Switzerland, Salt; in the United States, T-Mobile (comprises the frequency band 1910 to 1995 MHz which is being supported by nearly all T-Mobile's user phones) ; in Australia, Optus; in New Zealand, One NZ; in Japan, KDDI; in Canada, Rogers Wireless; and in Chile and Peru, Entel.[footnoteRef:6]  [6:  Starlink, Starlink Direct to Cell ] 

-GSOA - GSMA 
In addition to partnerships from operators, In February 2024, GSOA (the Global Satellite Operators Association) and GSMA (the global organization representing mobile operators and organizations across the mobile ecosystem and adjacent industries) announced a cooperation agreement involving D2C. Collaborative efforts are expected to focus on innovative technologies and applications that harness the combined capabilities of satellite and mobile networks. These include integrating 5G, facilitating IoT connectivity, utilizing remote sensing, and providing global coverage solutions.[footnoteRef:7] [7:  Global Satellite Operators Association, GSOA and GSMA Join Forces to Boost Innovation in Satellite & Mobile Convergence] 

Technology developer-Satellite Operator Partnerships 
Some notable market developments have taken place between SNOs and device or chipset manufacturers. These partnerships include: 
-Skylo and Bullitt 
Skylo, a non-terrestrial network (NTN) operator with a focus on facilitating connectivity between disparate locations, has entered into a partnership with Bullitt Group, a British smartphone manufacturer, as Bullitt's satellite connectivity partner for its two-way satellite messaging smartphone. The Bullitt messaging service will connect via satellite through Skylo's network of partner geostationary satellite constellations in the event that there is no mobile or Wi-Fi coverage.[footnoteRef:8] [8:  Skylo, Bullitt Selects Skylo’s Direct-to-Device Satellite Service for Its Newly Announced Smartphones and Two-Way Messaging Service] 

In collaboration with Skylo and MediaTek, a leading global semiconductor company, Bullitt has developed the world's first standards-based 3GPP approach to satellite or ‘direct-to-device’ non-terrestrial network (NTN) connectivity.[footnoteRef:9]  [9:  Skylo, MediaTek and Skylo Collaborate on Next-Gen 3GPP NTN Satellite Solutions on Smartphones and Wearables] 

-Globalstar - Apple
Apple was the first phone manufacturer to integrate satellite connectivity into standard phones with the release of the iPhone 14 in 2022[footnoteRef:10]. This service operates within Globalstar's existing MSS satellites and is available in 16 jurisdictions, including CEPT member states, for the purpose of providing an emergency satellite service.[footnoteRef:11] [10:  Apple, Emergency SOS via satellite available today on the iPhone 14 lineup in the US and Canada]  [11:  Apple, Emergency SOS via satellite on iPhone 14 and iPhone 14 Pro lineups made possible by $450 million Apple investment in US infrastructure] 

In light of the most recent developments, Apple has indicated that it will be expanding the capabilities of its satellite messaging system on the iPhone. The latest iOS 18 update will extend the availability of satellite messaging beyond that of emergency messaging, with the option of using satellite connectivity when cellular and Wi-Fi connections are unavailable. The Messages app will automatically prompt users to connect to the nearest satellite when they are outside the range of cellular service. This will permit iPhone users  to send and receive text messages, emojis and tapbacks via iMessage and SMS.[footnoteRef:12] [12:  Apple, iOS 18 makes iPhone more personal, capable, and intelligent than ever] 

-Huawei - China Telecom
The Huawei Mate 50 smartphone series is equipped with the capability to transmit emergency service text messages via China's BeiDou satellite navigation system. The latest model, the Mate 60 Pro, features enhanced satellite calling and messaging capabilities utilising China's three Tiantong-1 satellites in geostationary orbit (GEO). The service is currently available only in China.  China is planning to launch one or more low Earth orbit (LEO) satellite broadband constellations in the coming years with the objective of expanding direct-to-device (D2D) services.[footnoteRef:13] [13:  Fierce Wireless, Huawei’s Mate 60 Pro phone uses 3 GEO satellites from China Telecom] 

-MSS Association 
A group of satellite operators, including Viasat, Terrestar Solutions, Ligado Networks, Omnispace, and Yahsat, have formed the Mobile Satellite Services Association (MSSA) to promote the integration of satellite services into the D2C market using spectrum already licensed to MSSA members. The MSSA, advocates for policies and standards that would facilitate widespread adoption of satellite-based mobile services, enabling seamless roaming across networks.[footnoteRef:14] MSSA plans to establish working groups on various D2C-related topics and expand its membership to technology developers across the value chain.[footnoteRef:15]  [14:  SpaceNews, Satellite operators join forces to chase direct-to-smartphone opportunity]  [15:  MSSA, Member Press Releases] 

Global Market Trends
With an addressable market of 400 million subscribers by 2035, the mass consumer market for D2C services is significant[footnoteRef:16]. However, it is still unclear how much consumers are willing to pay for D2C messaging, voice, and data services beyond emergency situations, which tend to be free. [16:  Access Partnership, The future of smartphones: Effectively regulating direct-to-handset services, Section 5.2] 

For commercial offerings, D2C providers may charge a monthly fee for users to send and receive messages outside of their cellular operator's terrestrial coverage area or recoup such service expenses by increasing handset prices. As a potential data point, analysts at Raymond James[footnoteRef:17] estimated that roughly 200,000 Android phone users will spend around USD 3 per month for satellite messaging by the end of 2023, growing to 4.5 million by 2026. GSMA projects that the market will be valued at over USD 30 billion by 2035, with the consumer market accounting for USD 19.9 billion itself. The other market segments are enterprise B2B and government accounting for USD 10.39 billion and USD 2.45 billion respectively[footnoteRef:18]. [17:  Mike Dano,”The D2D guessing game”, Light Reading, 17 February 2023]  [18:  GSMA, Satellite 2.0: going direct to device, GSMA Intelligence, Report March 2022, p15] 

From the MNO perspective, one potentially popular model could be bundling D2C services into premium price plans. A different model is a pay-as-you-use structure under which MNOs sell D2C connectivity packages, where customers would sign up for satellite services only during periods when they might be traveling outside terrestrial cellular coverage areas, as suggested by AST SpaceMobile’s early IPO filings in 2020.
Customer Demands  
Mobile customers expect reliability and resilience, affordability, accessibility, inclusivity, and relevance. Consumers are likely to be sensitive to initial pricing and operators might expend more effort in encouraging and educating consumers to increase uptake. While messaging is not expected to constitute a major piece of the eventual D2C revenue opportunity, initial operator strategies may provide a first look into future business models and their eventual impact on consumer choices and prices. D2C providers can expect two main types of users: Firstly, the specialised user, who already owns a satellite phone or satellite-powered gadget and is likely to pay a premium for complementary D2C satellite connectivity on their handset for incremental convenience. For example, satellite smartphone maker Bullitt is charging around USD 4.99 per month for two-way satellite-based messaging on its new phones.[footnoteRef:19] The other user type is a non-specialised smartphone user, who is likely to be more reluctant to pay additional fees for complementary D2C satellite connectivity.  [19:  https://bullitt.com/en-gb/] 

In areas where deploying terrestrial networks is challenging due to technical or cost constraints, such as in remote or underserved regions, the satellite component plays a crucial role in ensuring reliable connectivity. This integration not only addresses the limitations of terrestrial infrastructure but also guarantees that connectivity needs are met, regardless of geographical barriers. 
It should be noted that the demand for D2C services would significantly increase in times of disasters or network outages. Terrestrial networks may be disrupted during disasters, posing significant challenges in managing emergency situations and potentially resulting in substantial human and economic consequences. During such crises, D2C technology may assist in providing a reliable communication lifeline, ensuring the resilience of connectivity and bolstering emergency response efforts.
Internatıonal aND EUROPEAN ALLOCATIONS AND SPECTRUM AVAILABILITY FOR MS AND MSS
Current Usage of Spectrum
The European Common Allocation Table (ECA) provides the frequency allocations for MS and MSS services. The table below illustrates these allocations.
	Frequency allocations (ECA)

	Frequency band
	MS
	MSS

	694 MHz - 862 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE 
	

	862 MHz - 960 MHz
	MOBILE
	

	1350 MHz - 1400 MHz
	MOBILE
	

	1427 MHz - 1518 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	

	1518 MHz - 1525 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	MOBILE-SATELLITE (SPACE-TO-EARTH)

	1525 MHz - 1530 MHz
	
	MOBILE-SATELLITE (SPACE-TO-EARTH)

	1530 MHz - 1535 MHz
	Mobile except aeronautical mobile
	MOBILE-SATELLITE (SPACE-TO-EARTH)

	1535 MHz - 1559 MHz
	
	MOBILE-SATELLITE (SPACE-TO-EARTH)

	1610 MHz - 1610.6 MHz
	
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1610.6 MHz - 1613.8 MHz
	
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1613.8 MHz - 1621.35 MHz
	
	MOBILE-SATELLITE (EARTH-TO-SPACE), Mobile-Satellite (space-to-Earth)

	1621.35 MHz - 1626.5 MHz
	
	MARITIME MOBILE-SATELLITE (SPACE-TO-EARTH) 
MOBILE-SATELLITE (EARTH-TO-SPACE), 
Mobile-Satellite (space-to-Earth)

	1626.5 MHz - 1660 MHz
	
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1660 MHz - 1660.5 MHz
	
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1660.5 MHz - 1668 MHz
	Mobile except aeronautical mobile
	

	1668 MHz - 1668.4 MHz
	Mobile except aeronautical mobile
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1668.4 MHz - 1670 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1670 MHz - 1675 MHz
	MOBILE
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	1675 MHz - 1690 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	

	1690 MHz - 1700 MHz
	Mobile except aeronautical mobile
	

	1700 MHz - 1710 MHz
	Mobile except aeronautical mobile
	

	1710 MHz - 1980 MHz
	MOBILE
	

	1980 MHz - 2010 MHz
	MOBILE
	MOBILE-SATELLITE (EARTH-TO-SPACE)

	2010 MHz - 2170 MHz
	MOBILE
	

	2170 MHz - 2200 MHz
	MOBILE
	MOBILE-SATELLITE (SPACE-TO-EARTH)

	2200 MHz - 2290 MHz
	MOBILE
	

	2290 MHz - 2300 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	

	2300 MHz - 2483.5 MHz
	MOBILE
	

	2483.5 MHz - 2500 MHz
	MOBILE
	MOBILE-SATELLITE (SPACE-TO-EARTH)

	2500 MHz - 2690 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	

	2520 MHz - 2655 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	

	2655 MHz - 2670 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	

	2670 MHz - 2690 MHz
	MOBILE EXCEPT AERONAUTICAL MOBILE
	



Potential Future MSS Allocations 
Alongside the frequency ranges outlined in the above table, the recent World Radiocommunications Conference (WRC-23) has agreed to conduct studies to potentially allocate additional MSS spectrum.
Regarding MSS, there are 3 different agenda items that focus on MSS allocations with overlapping bands. AI 1.13 specifically focuses on bands already allocated to mobile which can be used for D2C connectivity while 2 other agenda items deal with generic MSS services which could include D2C and low data rate MSS services.
Agenda Item 1.12 considers, based on the results of studies, possible allocations to the mobile-satellite service and possible regulatory actions in the frequency bands 1 427-1 432 MHz (space-to-Earth), 1 645.5- - 5 - 1 646.5 MHz (space-to-Earth) (Earth-to-space), 1 880-1 920 MHz (space-to-Earth) (Earth-to-space) and 2 010-2 025 MHz (space-to-Earth) (Earth-to-space) required for the future development of low-data rate non-geostationary mobile-satellite systems, in accordance with Resolution 252 (WRC-23).
Agenda Item 1.13 considers studies on possible new allocations to the mobile-satellite service for direct connectivity between space stations and International Mobile Telecommunications (IMT) user equipment to complement terrestrial IMT network coverage, in accordance with Resolution 253 (WRC-23). The frequency range is defined as between 694/698 MHz and 2.7 GHz taking into account the IMT frequency arrangements addressed in the most recent version of Recommendation ITU-R M.1036. 
Finally, Agenda Item 1.14 considers possible additional allocations to the mobile-satellite service, in the frequency bands 2 010-2 025 MHz (Earth-to-space) and 2 160-2 170 MHz (space-to-Earth) in Regions 1 and 3 and 2 120-2 160 MHz (space-to-Earth) in all Regions.
Overview of direct-to-cell connectivity options
3GPP terrestrial allocations on MS bands

MSS allocations
Relevant EC and _ECC Decisions and European terminal licensing framework
The following EC and ECC Decisions and European Terminal Licensing Framework are applicable and relevant to the D2C connectivity:
- EC Decision No 2007/98/EC on the harmonised use of radio spectrum in the 2 GHz frequency bands for the implementation of systems providing MSS
- EC Decision 2009/449/EC on the selection of operators of pan-European systems providing mobile satellite services (MSS)
- Decision 2011/667/EU on modalities for coordinated application of the rules on enforcement with regard to MSS
- ECC/DEC/(12)01 (amended March 2022) on exemption from individual licensing and free circulation and use of satellite mobile terminals operating under the control of networks in the range 1 to 3 GHz;
- ECC Decision (99)06 (amended March 2023) on the harmonised introduction of satellite personal communication systems operating in the bands below 1 GHz;
- ECC Decision (09)02 (amended November 2012) on the harmonisation of the bands 1610-1626.5 MHz and 2483.5-2500 MHz for use by systems in the Mobile-Satellite Service;
- ECC Decision (09)04 on exemption from individual licensing and the free circulation and use of transmit-only mobile satellite terminals operating in the Mobile-Satellite Service allocations in the 1613.8 - 1626.5 MHz band;
- ECC Decision (99)01 on harmonisation of authorisation conditions in the field of Satellite personal Communications Services (S-PCS) in Europe, operating within the bands 1525-1544/1545-1559 MHz, 1626.5-1645.5/1646.5-1660.5 MHz;
- ECC Report 280 on Satellite Solutions for 5G;
- ECC Report 03 on the licensing of mobile bands in Europe presenting the most recent information available to the European Communications Office (ECO) on the licensing of MFCN in CEPT countries;
- ECC Report 045 on Sharing and adjacent band compatibility between UMTS/IMT-2000 in the band 2500-2690 MHz and other services;
- ECC Report 197 on Compatibility studies – MSS terminals transmitting to a satellite in the band 1980-2010 MHz and adjacent channel UMTS services;
- ECC Report 325 on Compatibility and technical feasibility of coexistence studies for the potential introduction of new terrestrial applications operating in the 2483.5-2500 MHz frequency band with existing services / applications in the same band and adjacent bands;
Developments outside Europe
There are few jurisdictions that have started to conduct tests or develop regulatory frameworks for D2C connectivity in MS and/or MSS band. 
Australia:
In 2023 the Australian Communications and Media Authority (ACMA) released their 5-year spectrum outlook which addresses satellite direct-to-mobile services. ACMA paid particular attention to the provision of satellite direct-to-mobile service in bands not allocated to mobile satellite services. ACMA noted that they would continue to monitor the development of the services as well as assess the continued development of the regulatory framework.
Like many administrations, ACMA has distinguished the MSS model and the MS model. For licensing purposes, ACMA notes that where an MSS operator has authorisation to provide MSS services in Australia, no further license is required for the provision of satellite direct-to-mobile service. 
When addressing satellite direct-to-mobile service using IMT bands, ACMA noted that the bands of interest are authorised for use by MNOs under existing spectrum licences. ACMA notes further that any such service operates on a no-interference and no-protection basis owing to these services operating outside the scope of the ITU framework. 
Ultimately ACMA has taken the position to allow these services on both operational methods but places the burden on the satellite direct-to-mobile service providers to conduct their own due diligence and ensure their services do not interfere with other licensees.[footnoteRef:20] [20:  ACMA, 2023–28 five-year spectrum outlook] 

Moving forward, ACMA will ultimately determine whether the regulatory framework is fit for purpose and whether there is a satisfactory level of protection of radio astronomy. Pursuant to this, ACMA recently held a round of consultations seeking to answer these questions. At the time of writing the outcomes of this consultation is not known.[footnoteRef:21] [21:  ACMA, Satellite direct-to-mobile services: regulatory issues] 

Brazil
In 2023, Brazil's National Telecommunications Agency, ANATEL, initiated a rule making on D2C tests under a Regulatory Sandbox. This would relax the rules contained in the Regulation on Authorization for Temporary Use of Radiofrequency. Specifically, the framework grants temporary use of spectrum for over 60 days and permits the creation of a pilot project in an experimental regulatory environment. The first expressions of interest in D2D were presented by providers Claro and TIM, who are expected to carry out tests in partnership with AST Space Mobile. While this is not a regulatory framework, studies are valid for two years, and the outcomes of this test period could inform eventual regulations.[footnoteRef:22]  [22:  ANATEL, Anatel authorizes the start of tests for Direct-to-Device (D2D) ] 

Additionally, in 2024 ANATEL published a public consultation that would update the National Frequency Allocation Table. This would update the frequency table with the results obtained in WRC-23. Notably, on frequency bands below 2700 MHz that are currently allocated for mobile services, Brazil is planning to allocate Mobile Satellite Service on a secondary basis. The goal is to facilitate direct-to-device services in the select frequency bands.[footnoteRef:23] [23:  ANATEL, Public Consultation for the periodic updating of the Plan for Allocation, Destination and Distribution of Frequency Bands in Brazil (PDFF)] 

USA 
On 2024 March, FCC established the supplemental coverage from space framework. The purpose of this framework is to facilitate connectivity through D2C services, in rural and remote areas where no terrestrial coverage is available. To provide D2C services, the SNO and MNO are required to enter a commercial agreement under which the MNO leases licensed, flexible use spectrum within a specified geographic area to the SNO. The MNO and SNO may then apply to the FCC for authorisation. 
The applicable frequency ranges of the framework are the following: 600 MHz: 614–652 MHz and 663–698 MHz; 700 MHz: 698–758 MHz, 775 MHz–788 MHz, and 805–806 MHz; 800 MHz: 824–849 MHz and 869–894 MHz; Broadband PCS: 1850–1915 MHz and 1930–1995 MHz; AWS–H Block: 1915–1920 MHz and 1995–2000 MHz; and WCS: 2305–2320 MHz and 2345–2360 MHz. Furthermore, the FCC is expanding secondary allocations for MSS in these bands.
This framework is subject to controversy as interference issues have been raised. In response, the FCC has opened an additional round of consultations for comment on emergency communications and the protection of radio astronomy services. 
Noting the relationship between D2C and emergency communications the FCC has applied an interim 911 call and text routing requirement. The interim decision will be in place while the FCC works towards enabling automatic location-based routing for all emergency communications regardless of terrestrial connectivity.[footnoteRef:24]  [24:  FCC, FCC Advances Supplemental Coverage from Space Framework] 

User Segment: unmodified smartphones (3GPP NTN standardization, interoperability and non-discriminatory Use)
Direct-to-Cell (D2C) in spectrum bands with a terrestrial MS allocation
Partnerships with terrestrial mobile service providers (SNO-MNO agreements)
Direct-to-Cell (D2C) technology is an innovative solution for bridging the digital divide by enabling Mobile Network Operators (MNOs) to extend their coverage to previously inaccessible or unprofitable areas (particularly where subscriber density is low or geography makes expansion difficult). Several of these partnerships are identified in Section 2.1.1.
Partnerships between the SNO and the MNO could resemble a roaming agreement. In this setup, the MNO manages both the spectrum resources and the customer relationship, while the SNO oversees its satellite network, which the MNO utilizes for D2C connectivity. The MNO allocates a segment of its licensed spectrum to the SNO for this purpose, often through a leasing agreement. There are multiple partnerships announced between MNOs and SNOs including certain European MNOs however there is no commercial offering that has started yet. 
Spectrum usage model within existing licensing framework 
D2C services provided on MS bands are done through spectrum leasing arrangements. The specific band available to the SNO will depend on the agreement with the MNO and which bands the MNO is licensed to operate.  Individual administrations wishing to authorize D2C services may need to modify the underlying MNO authorization to allow satellite use of the MNOs license MS spectrum.
Use under RR No. 4.4
Article 4.4 of the Radio Regulations provides an exception for service provision, diverging from the assignments outlined in the frequency allocation table of Article 5. This exception hinges on the condition that such usage does not result in harmful interference, relinquishing any claims to protection from interference stemming from other operations according to the frequency allocation table.
It should be noted that the terminals used for D2C are IMT user equipment which are used by the general population. Interference originating from D2C to any existing service adhering to Article 5 of the ITU RR can make determining the interference source nearly impossible for affected administrations. This challenge is compounded by the mobile nature of the service, with interference potentially fleeting. This makes recourse particularly difficult to enforce.
Moreover, if the interference is detected and upon complaint from the affected administration(s), a satellite operator providing service under Article 4.4 must cease harmful interference immediately in accordance with Article 8.5 of ITU RR, which would inevitably deteriorate or stop the service in certain areas. On the other hand, the service operating under Article 4.4 shall not claim protection from services operating in accordance with Article 5 of ITU RR, those in accordance with the allocations in the Table of Frequencies. However, this is not a simple decision, especially considering D2C services may serve as crucial connectivity options during emergencies when no other networks are available, potentially risking lives if service interruption occurs abruptly. Sudden cessation or deterioration of service may even cost lives if an end-user is suddenly disconnected in an emergency situation. 
Given the concerns raised above, allowing or promoting the use of Article 4.4 for D2C MSS or other similar commercial satellite services of global or even regional nature is inadvisable. Widespread commercial use of Article 4.4 is against the purpose for which it was originally intended and could complicate or undermine spectrum management goals. Should this use continue, it risks setting a disruptive precedent for all satellite operators seeking to roll out new services in an expedited manner without working to adopt a harmonized, global regulatory framework.. Article 4.4 should be reserved for its intended purpose, exceptional use cases by national authorities, not global commercial satellite operations. 
The provision of D2C services in the MS model under Article 4.4 may prove to be temporary. Agenda Item 1.13 of WRC-27 seeks new allocations to MSS for D2C connectivity as a complementary component of IMT. If WRC-27 resolves to approve this Agenda Item by allocating new MSS spectrum for this purpose and allocates new MS bands to MSS, deployment under Article 4.4 would not be needed. Operations would transition to IMT bands with MSS allocations, and regulatory measures to safeguard incumbent services would be in place, rendering the 4.4 deployments unnecessary.
User Segment: unmodified smartphones (3GPP NTN standardization, interoperability and non-discriminatory Use)

Direct-to-Cell (D2C) in spectrum bands with MSS allocation 
Co-primary allocation for mobile-satellite services in terrestrial bands 
 
Leasing, bilateral sharing arrangements, and assignment between partners 
The currently announced deployment models show that either a leasing or a bilateral sharing arrangement would be done between cooperating MNOs and SNOs at the commercial level. For MNOs, such agreement would permit them to extend their coverage and customer base as well as improve service availability; the redundancy and reliability ensured by the satellite operator through a continued service would improve the quality of service provided to their customers (especially in cross border, remote or damaged areas). For SNOs, accessing a harmonized range of spectrum across the neighbouring countries would be preferable. 
A leasing and/or a sharing agreement on MS spectrum for D2C connectivity could involves a contractual arrangement wherein the primary spectrum holder leases a portion of their allocated spectrum to the partner SNO. This allows SNOs to operate using the licensed spectrum without acquiring spectrum licenses directly from regulatory authorities. However, it should be noted that such arrangements should be in line with national regulatory requirements and spectrum leasing conditions, if exist. 

 Interference Considerations 
[interference issues may be band specific and this needs to be reflected in such section]

Global limits (e. g. PFD) and coordination trigger levels 
The deployment model which involves D2C operation in MS bands under Article 4.4, currently lacks limits due to the absence of MSS allocations and insufficient study of potential interference to incumbent services.
In the context of existing MSS allocations, implementing D2C operations may require adjustments to smartphone configurations. In case of operating under existing MSS allocations, permissible power flux density (pfd) and equivalent power flux-density (epfd) limits for various satellite services, including MSS, are delineated in Article 21 and Article 22 of the ITU Radio Regulations. Additionally, Annex 1 of Appendix 5, specifically Table 5-2 of the ITU Radio Regulations, outlines coordination thresholds for sharing between MSS (space-to-Earth) and terrestrial services. While these thresholds are not strict constraints, failing to adhere to them can trigger coordination processes involving numerous affected administrations.
In-band interference (terrestrial and satellite GSO/non-GSO) for uplink and downlink
In-band interference occurs when two systems experience interference within their occupied bandwidth. Assessing the impact of this interference depends on whether it occurs within the beam or licensed service area (in-beam) or outside of it (out-of-beam). Regardless of the scenario, it is imperative to protect all incumbent services from potential interference originating from D2C MSS operations.
In-beam / inside licensed service area
When systems operate within the same geographical area, simultaneous transmissions may occur, resulting in their beams intersecting. This situation often leads to a notable increase in interference levels at the receiver compared to other configurations. To mitigate such interference, various techniques can be employed, including arc avoidance, managing power flux density (PFD) levels, adjusting separation distances, implementing polarization discrimination, and more. These measures aim to reduce the impact of interference and maintain the integrity of the systems involved.
Out-of-beam
Similarly, when systems operate within the same geographical area, simultaneous transmissions may occur, leading to potential interference between the side lobes of their antennas and the main lobe of the opposing system. This interference can degrade the quality of both received and transmitted signals. To mitigate such interference, techniques such as antenna pointing adaptation can be employed to ensure that side lobes are not directed towards other systems. Additionally, other measures, such as employing a larger guard band, implementing antenna discrimination, or imposing stricter limits on spurious emissions levels, may also be considered to minimize interference effects.
Out-of-band interference (terrestrial and satellite GSO/non-GSO)  for uplink and downlink
Out-of-band interference refers to interference between two systems that occurs beyond their occupied bandwidth, typically up to twice the necessary bandwidth above the occupied spectrum. While this type of interference has a lower impact compared to in-band interference, it remains significant as it raises the noise floor on the desired link. For instance, radio astronomy services (RAS) are highly susceptible to interference from active systems, where even second harmonics can cause detrimental effects on their operations. As with in-band interference, assessing the impact of out-of-band interference depends on whether it occurs within the licensed service area or beyond it.
In-beam / inside licensed service area
Out-of-beam
Cross-border interference 
The operation of D2C services must carefully consider the potential for cross-border interference. 
There is a discrepancy in the level of cross-border interference between the two deployment models. The MSS approach, operating within assigned bands with defined parameters, poses a lower risk of harmful interference, mainly due to the establishment of regulatory frameworks and coordination mechanisms at national and international level (e.g. through the ITU) which has helped to mitigate cross-border interference problems in MSS deployments. However, in the event that interference does occur, there are methodologies in place to address it and coordinate with other operators.
In contrast, potential harmful interference that could be caused by MS deployment model operating under Article 4.4 to incumbent services in border regions is yet to be assessed. Further research is needed to fully understand the potential for harmful cross-border interference associated with the MS deployment model.
Several handset manufacturers have addressed cross-border interference issues by implementing technology solutions. One such solution involves the use of geo-fencing software, which restricts mobile phones from communicating with satellites in areas where the network is not licensed or when terrestrial and/or Wifi is available. Even though geofencing may prove effective to limit the end user equipment’s ability to connect to satellites in unauthorized territories, satellite beams using MS spectrum could still cover large areas and potentially cause interference to existing services in neighbouring countries. This situation should be carefully assessed and required regulatory measures should be developed and agreed at the international level.
Given the geographical configuration of Europe and the prevalence of shared borders, Member States wishing to implement D2C will need to address the resolution of cross-border interference. Some Member States have multilateral agreements such as the HCM agreement, which coordinates the frequency range between 29.7 MHz and 43.5 GHz for terrestrial services. The objective of the HCM agreement was to avoid harmful interference and optimise the use of resources in border areas.
Radio Astronomy protection 
Radioastronomical research aims to detect and characterize the most distant and smallest radio sources in outer space. Utilizing antennas with large effective areas and highly sensitive receivers, radio astronomers achieve the extreme sensitivity necessary for their experiments. As a result, Radio Astronomy Service (RAS) systems are highly susceptible to interference, which is addressed in the RAS protection criteria outlined in ITU R RA.769.
Protection of RAS bands not only involves guarding against in-band emissions but also ensuring that out-of-band or spurious emissions from adjacent bands remain below specified limits. While selecting remote and geographically isolated areas is generally effective in protecting RAS systems from interference caused by Earth-bound active systems, interference from airborne and satellite-borne transmitters poses significant challenges to their successful operation.
Recent developments, such as the deployment of thousands of satellites in Low-Earth Orbit (LEO), have heightened the risk of harmful interference to RAS. ITU-R RA.1513 recommends a data loss limit of 5% for the aggregate effect of all systems and 2% per system. Further studies are needed to validate the assumption that a 2% data loss per system is a practical limit to meet the overall 5% requirement.
Given the sensitivity of RAS services and the target coverage area of D2C MSS being remote regions, it is the impact of planned D2C systems on RAS and other incumbent services needs to be considered and appropriate measures must be developed to adequately protect these systems.
 Regulatory Considerations 
Leasing and regulatory framework 
Spectrum leasing is established within the EU regulatory framework through the EECC however not all CEPT Member States have established leasing regulatory frameworks. These rights of use are typically granted as licences which may be leased or transferred. 
CEPT member states are free to create any obligations for spectrum leasing including mandating quality of service, fees, processes, service limitations, or other obligations that the lessee must uphold. For the purpose of D2C communications, it is advisable that member states adopt a harmonised approach towards establishing leasing framework between SNOs and MNOs.
CEPT member states should note that the service for which the spectrum is leased is not the same as the service for which the spectrum was originally licenced. As such quality of service, or preventing harmful interference is not guaranteed.
Enforcement of the regulatory frameworks could be different depending on which undertaking is the license-holder for spectrum resources and which actor concludes a contract with the subscriber of the specific D2C service. 
In cases where SNO uses the MNO spectrum, the MNO acts as the service provider to end-users and is directly responsible for ensuring regulatory compliance at all stages of D2C service provision. The MNO must ensure compliance with all relevant regulations, including aspects such as quality of service, user privacy and network security. It must also provide information and assistance to end-users regarding compliance with applicable regulations and regulatory policies.
In cases where SNO uses own MSS spectrum, it is the SNO that must comply with all regulatory requirements related to the use of MSS spectrum. Additionally, if the SNO will also provide the service to the end-user, it is also directly responsible for ensuring regulatory compliance at all stages of the D2D service provision.
International and bilateral coordination 
Enhancing international and bilateral coordination for D2C communication is essential to foster collaboration, standardize protocols, and address regulatory hurdles effectively.
Administrations often enter into bilateral agreements to coordinate spectrum usage along their borders. These agreements outline the frequencies, technical parameters, and interference mitigation measures to be used by both parties to ensure seamless communication across borders. For example, neighboring countries may agree on specific frequency bands and power levels for their respective wireless communication systems to prevent interference.  Bilateral agreements can be established to both allocate spectrum for D2C communication based on availability and incorporate interference mitigation strategies.
According to the RR, the notifying administration, which is the national authority responsible for submitting frequency assignment notifications to the ITU, would be responsible to the ITU in case of interference to other radio services. This notifying administration is responsible for ensuring that frequency assignments comply with international regulations and standards set by the ITU and do not cause harmful interference to other radio services.
In case of interference to other radio services, the notifying administration and the satellite operator of the D2C system will be responsible for taking action to resolve the problem and mitigate the interference. The notifying administration monitors compliance with ITU regulations within its jurisdiction and may take enforcement action, such as revocation of the licence or imposition of fines, if the operator is found to be in violation of the established rules.
Mobility Management and (EU)Roaming 
Network identity and registration handling
Standardization 

Interoperability / flexible, hybrid radio access networks

Integration of the satellite component into the global mobile networks

Emergency Services 
While not applicable to all CEPT members, the European Electronic Communications Code (EECC) serves as a base framework to address the handling of emergency communications. Article 109 of the EECC notes that Member States must ensure that users can access emergency services free of charge through emergency communications and by using the single European emergency number 112.
Routing emergency communications to the most appropriate Public Safety Answering Point (PSAP) is a challenging task and should be ensured in D2C connectivity as well. Presently, network architecture implemented by SNOs to facilitate such routing, is not mandated to be reported to the regulators. However, failure to adequately address the need to provide emergency services and fulfil user expectations regarding their availability could result in consequences for the user..
In order to ensure the efficacy of emergency services, location information must be shared with the PSAP to ensure that emergency services are not delayed in responding to a request for help. Article 109(6) of the EECC notes that it must be ensured that the caller's location is made available to the most appropriate PSAP without delay. This requirement applies solely to fixed and mobile service providers and aligns with terrestrial network architectures equipped with base stations, nevertheless, a common standard regarding timeliness and accuracty of D2C location information would assist in allowing emergency service providers to respond adequately to emergency calls.
Conversely, as per the new delegated regulation supplementing the EECC, the implementation of caller location criteria (although not specifically Advanced Mobile Location - AML) is a priority for EU member states. Therefore, D2C providers should be encouraged to take appropriate measures to align with the practice of providing location information as precisely as possible. Further initiatives could include amending European standards concerning AML, or the adoption of tailored software requirements for PSAPs.
Most of European PSAPs feature next-generation 112 capabilities and are equipped to engage with IP-based communications that would include satellite communications directly. However, there are still systems in CEPT countries where PSAPs can only receive voice calls. In situations where PSAPs lack the ability to receive text-based communications, alternative solutions are imperative to ensure that emergency communications via satellite reach the appropriate PSAP. In practice, some D2C providers establish relay centers to bridge this gap and ensure that emergency calls are not compromised as a result. 
Expansion of infrastructure should continue to ensure that all PSAPs have the capabilities of receiving and actioning D2C emergency communications.
Furthermore, the EECC requires Members States to ensure that users with disabilities have substantially similar access to emergency services as non-disabled persons. This is especially applicable to users with disabilities traveling between Member States. This requirement is currently set upon terrestrial network but D2C system should ensure that it meets the standard of accessibility imposed on other emergency communication services. This includes accessibility for visually and hearing-impaired persons such as implementing speech-to-text services.
Ultimately, user experience with the D2C system, particularly concerning emergency communications, necessitates a transparent procedure. This procedure should inform users of any transition between cellular and satellite connectivity, enabling them to adjust their expectations in terms of quality of service and expedition regarding the respective service provided.
In addition to usage of emergency communications during normal times, during natural disasters, terrestrial communication infrastructure is vulnerable to damage or destruction. Communication during these periods of disaster is particularly important and directly related to saving lives.  Ensuring that the above pre-requisites are met would allow D2C functionality, providing connectivity where terrestrial infrastructure is not currently available, to provide a reliable means of communication for emergency response teams and affected individuals, helping to coordinate rescue efforts and facilitate recovery.
Lawful interceptION and compliance with Articles 17 and 18.4 of the RR
Lawful interception is widely considered a matter of national security; thus its implementation typically falls within the discretion of governments. However, among CEPT countries, there is a certain level of common practice. The Budapest Convention on Cybercrime which nearly all CEPT Member States are a party of enforces interception of content and communications data to all operators. In addition, the European Telecommunications Standards Institute (ETSI) plays an active role in establishing lawful interception standards. Its specifications are not only widely accepted throughout Europe but also by numerous countries outside the continent. However, it should be noted that the enforcement of the regulatory rules and ETSI standards are left to discretionary powers of law enforcement authorities and regulators. In EU, European Electronic Communications Code creates a broad obligation and leave discretionary powers to member states, creating a fragmented framework.[footnoteRef:25]  [25:  Vadim Doronin, “Lawful interception – A market access barrier in the European Union”?, Computer Law & Security Review, Volume 51,
2023,] 

Cooperation between Satellite Network Operators (SNOs) and Mobile Network Operators (MNOs) involves multiple network nodes where communications may be intercepted. In the MS approach, the network architecture comprises a Gateway operated by the SNO and a core network operated by the MNO. In practice, the MNO, having already implemented a core network compliant with local regulations governing lawful interception, will assume responsibility for addressing lawful interception queries.
With the MSS approach, the unique node for lawful interception will be placed within the Gateway operated by the SNO. In accordance with regulations applicable in the country of establishment, this Gateway would have already integrated the technical measures necessary to facilitate lawful interception queries. Consequently, in practice, the SNO will assume responsibility for addressing such queries in practice.
Hence, in both scenarios, the existing regulatory framework encompasses lawful interception requirements, regardless of the adopted D2C system approach. Moreover, the selection of the Gateway's location holds significant importance in both cases; opting to place the equipment outside Europe or in a challenging country could elevate security risks. In Europe, there is no clear practice regarding location of the ground infrastructure. Some Member States set this as a requirement. Therefore, each D2C connectivity model must be assessed based on the network architecture and specific requirements of the Member State. 
Integration of the satellite networks in overall integrated radio access Electronic Communication Services, not limited to terrestrial services anymore in regulatory market access and authorisation processes.

Role of The EU Union Secure Connectivity program in this context, a program established under regulation (EU) 2023/588EU.


 Necessary Technical Studies
  Necessary Study groups to be involved 
ECC group Numbering and Networks (NaN) is responsible for developing policies in numbering, naming and addressing and advising on technical regulatory matters to promote and support telecom innovation and competition. The implications of D2C systems on emergency communications include issues such as interoperability, emergency call routing, location information, transparency, integration of different network capabilities (system inclusivity, text-based communications, etc.) and should be studied under NaN3 which specifically deals with emergency communications.
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