Relevant info for draft response to RSPG
[bookmark: _Toc133919901][bookmark: _Toc118467525][bookmark: _Ref121495884][bookmark: _Ref121495889]Draft Response to the request of the EU radio Spectrum Policy Group (RSPG) to CEPT to provide information on the latest technological developments in satellite communications and trends in the provision of MSS services with relevance to the future use of the 2 GHz MSS frequency band.
FM44 developed information (to be further reviewed by SE40) to address the issues raised by RSPG in order to provide WGFM and ECC with elements to answer the request.
Some views were provided that the current MSS framework implemented by GSO satellite systems, in accordance with ECC Decisions 06(09) (ECC Decision of 1 December 2006 on the designation of the bands 1980-2010 MHz and 2170-2200 MHz for use by systems in the Mobile-Satellite Service including those supplemented by a Complementary Ground Component (CGC)) and 06(10) (Transition of terrestrial service operations from the Bands 1980-2010 MHz and 2170-2200 MHz in order to facilitate the Harmonised Introduction and Development of Systems in the mobile-satellite service including those supplemented by a Complementary Ground Component), should be taken into account equally as the possible future developments depicted below.
0  Introduction
In addition to the known and current usage by the Mobile-Satellite Service (MSS)/Complementary ground components (CGC) additional potential opportunities have been identified on how the 2 GHz MSS bands could be used in future. These applications include non-terrestrial network (NTN), Internet-of-Things (IoT) and generic MSS applications and are based on GSO and non-GSO systems. Detailed information is provided in the sections below. 
1. context of mss allocations
When considering the future use of the 2 GHz satellite allocations, [FM44] believes it is important to be mindful of the wider context. The 2 GHz frequency bands are one of three sets of bands in the 1-3 GHz range that provide the majority of MSS capacity in operation today. The combination of globally-harmonised bands, excellent propagation characteristics and wide bandwidth (in respect of MSS) allocations means these bands are very important for ongoing evolution of MSS services.  A brief examination of the ITU satellite filing backlog illustrates the significant demand for access to these resources:
Table X: Numbers of Filed Satellite Networks in ITU Satellite Database (as of 15/05/23)
	
	In Coordination
	Notified

	Band (MHz)
	GSO
	NGSO
	GSO
	NGSO

	1525-1559
	255
	35
	54
	8

	1626.5-1660.5
	238
	29
	43
	3

	1610-1626.5
	182
	33
	15
	5

	2483.5-2500
	203
	41
	18
	5

	1980-2010
	404
	30
	12
	4

	2170-2200
	409
	30
	21
	6



In addition to the planned systems and services highlighted in this document, RSPG should also consider the demand for scarce MSS allocations when considering the future assignment of the 2 GHz bands in Europe.

Current CEPT regulatory framework
The first point to note is that the regulatory framework detailed in the RSPG letter is  complemented by the existing CEPT framework that has been implemented by CEPT countries including the EU members states. The ECC Decisions and Reports applicable to the 2 GHz MSS/CGC band are particularly important considering the efforts undertaken to cope with some interference difficulties in Europe and to harmonize the use of the spectrum. The applicable CEPT deliverables are:
· ECC Decision 06(09) (amended September 2007) which designates the band to MSS/CGC;
· ECC Decision 06(10) (amended March 2022) which relates to the transition of terrestrial services from the 2 GHz MSS bands;
· ECC Report 233 which relates to the use of the 2 GHz MSS bands for aeronautical CGC systems
Regarding the current use of the band, Inmarsat’s European Aviation Network (EAN) is operational in part of the 2 GHz MSS/CGC band – 1980 to 1995 MHz and 2170 to 2185 MHz -  providing services to 300 airplanes which subsequently provide in-flight connectivity and value-added services/benefits to passengers. Operational since Q2 2019, EAN drives cost and performance efficiencies. This, for example, allows for additional revenue due to passengers being able to connect from the comfort of their seat to improvements in the route management of the aircraft. The usage, both in terms of sessions, i.e. passengers going online, as well as data transmitted over the system, has doubled in most years, with 2022 exhibiting a 300% growth for both metrics.	Comment by FM44: Inmarsat to provide figures on the number of equipped airlines 
In addition, EchoStar Mobile Limited (EchoStar) is providing a range of narrowband voice and data services, including LoRa IoT services which were introduced in late 2022 using its EchoStar XXI 2 GHz band satellite network. EchoStar is also planning at releasingto release later this year 3GPP-NTN direct-to-device 2 GHz band MSS services also using this satellite.  
There are also, in Germany, some several existing regional 2 GHz MSS/CGC implementations by EchoStar/HNS providing 5G-based BB-links to/from rotorcraft.
Impact of ITU coordination and notification process	Comment by FM44: Proposal from the Netherlands to address the ITU coordination issue in a specific part
It should be noted that the 2 GHz MSS band is governed by the ITU rules for the coordination of the space systems and the current regulatory framework does not rely only on the EU licensing framework. The UK and France are the notifying administrations of the current EU licenced space systems for the MSS 2GHz. The EC Decision No 626/2008/EC2008 EC Decision  set out the selection procedure for the use of the MSS 2GHz in Europe based on technical and commercial criteria. EC Decision 2009/449/EC retained two operators toand segmented the band and only authorise terminals from two geostationary (GSO) systems to be licenced in the EU, created a specific situation where no terminals from non-geostationary (NGSO) systems will access the MSS 2GHz spectrum in the EU. Also The ITU protection of French and UK filings were coordinated taking into account that both systems were assigned specific bands of 2x15 MHz throughoutcountries were EU member states at that time. The coordination also took into account that certain authorisations have been obtained in CEPT member states which are non-EU member states. 	Comment by FM44: Comment from Inmarsat : The protection gained through the ITU process is independent of whether the admins are EU member states.  (If Inmarsat filings had been through a non-EU member state, the rights would have been the same)
Therefore any new licensing framework for terminals inside the EU countries may have to take into account the ITU coordination of the respective filings.

Latest technology development
There are a number of technology developments ongoing regarding MSS systems, which are described below.  These are not necessarily specific to the 2 GHz MSS bands, but may make use of a range of MSS bands, and in some cases may use current MFCN bands.
Technological Updates and Upgrades to Existing Systems 

Inmarsat currently already uses 3GPP standards for both the MSS and CGC components of EAN.  While 5GNR was not mature enough when the project commenced, future EAN uses of the 2GHz band will move to 5GNR. The currently envisioned change-over foresees a time of hybrid 4G LTE and 5G deployment to update the necessary hard- and software. 

Inmarsat is currently in advanced discussion with a major European carrier, which would add an additional 250+ aircraft to the existing 300. Inmarsat is also working on a new set of terminals with smaller form factors suitable for the business general aviation sector, large uncrewed aerial vehicles as well as commercial and civil/government helicopters.
Apart from technological innovation Inmarsat continues to work with its airline customers on service innovation. Several of its customer airlines have now included “all you can consume” data offers for passengers
EchoStar Mobile has announced it will be deploying Lyra, a global 2 GHz band IoT LEO network which will provide LoRa and other services which will be begin deployment in 2024.  EchoStar is also planning to deploy a 3GPP-NTN LEO network which will support direct-to-device services for voice, e-mail and messaging. EchoStar has [high-ITU priority] filings which will be used to support these satellite networks.  EchoStar and/or its affiliates hold market access around the globe including in Europe in non-EU countries.

[bookmark: _Toc96442655][bookmark: _Ref134714091]3GPP Release-17 incorporates non-terrestrial networks 
3GPP Release-17 (Rel-17), finalised in June 2022 for the core part. It includes solutions for 5G systems to support “non-terrestrial networks” (NTN) referring to satellite and HAPS based networks. Hence it enables  integration of satellite connectivity into the 3GPP ecosystem, including direct connectivity between satellites and 5G smartphones.
These Rel-17 specifications will support New Radio (NR-NTN) based satellite access deployed in FR1 bands (bands below 6 GHz) serving smartphone devices for global service continuity and will also support narrowband IoT (NB-IoT) and enhanced machine type communication (eMTC)  based satellite access (IoT-NTN) to address use cases in areas such as agriculture, transport and logistics.
The NR-NTN and IoT-NTN solutions are outlined in technical specifications  TS 38.300 and TS 36.300 respectively. 
[image: ]
Figure 1: NTN Typical architecture scenario (source: 3GPP TR 38.821)

[image: ]
Figure 2: NTN interworking with terrestrial networks (TN) (source: 3GPP TR 38.821)

3GPP undertook as part of the Rel-17 spectrum coexistence analysis between NTN and terrestrial mobile networks operating in adjacent bands as reflected in TR 38.863. This report focuses on the following MSS bands as the first bands defined for NTN satellite operations:
· S-band: UL: 1980–2010 MHz / DL: 2170–2200 MHz (NTN Band n256, overlaps with 3GPP terrestrial band n65)
· L-band: UL: 1626.5-1660.5 MHz / DL: 1525-1559 MHz (NTN Band n255 overlapping with 3GPP defined terrestrial band n24)
[Editor’s note: This L band is only named for completeness regarding the NTN specifications. Other bands than MSS 2GHz may be deleted from this document at a later stage]
The report mentions that n256 NTN could operate simultaneously with CGC in CEPT countries.
The specifications of User Equipment and Satellite Access Node compatible with the 3GPP NTN standard and operating in n256 & n255 bands can be found in
· TS 38.101-5: NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements
· TS 38.108: NR; Satellite Access Node radio transmission and reception
With the completion of the performance part of Rel-17 NR-NTN in March 2023, smartphones implementing NTN solutions are expected to be available on the market during 2024.
Further work is underway as part of the on-going Release-18 to define further enhancements for both NR-NTN and IoT-NTN and is planned for finalisation in 2024. This includes the specifications of User Equipment and Satellite Access Node compatible with the 3GPP NTN standard and operating in Ka band.
A comprehensive overview of the NR-NTN standard can be found in a Special Issue “3GPP Non‐Terrestrial Network: A Global Standard for Satellite Communication Systems” of the International Journal of Satellite Communication and networks by Wiley in Volume 41, Issue 3. See https://onlinelibrary.wiley.com/toc/15420981/2023/41/3
Examples on trends in the provision of MSS services with relevance to the future use of the 2 GHz MSS frequency band
 
The 2GHz MSS spectrum has seen renewed interest from IoT connectivity satellite operators (Kepler, Sateliot) looking to implement services ranging from IoT connectivity to direct to cell satellite connectivity. Some administrations in Region 3 and Region 2 are either implementing or have requests to implement dedicated IoT spectrum within the segment of the band not currently used by incumbent operators. Adjacent band is also under study at the ITU under agenda item 1.18  for Region 1, with CEPT currently discussing whether to support further study in the next cycle for the bands 1 645.5-1 646.5 MHz, 1 880-1 920 MHz and 2 010-2 025 MHz. This may lead to additional options, providing both customers and industry with IoT applications.	Comment by Germany: Interest in this segment has been shown by France, Norway, Spain and Switzerland
CEPT project team SE40 is also studying the possible use of the band 5 850-5 875 MHz and 14.0-14.5 GHz for small transmit-only satellite IoT terminals.
Furthermore, 3GPP Rel-17 specifications (see section 3.1) could support satellite-based access for New Radio (NR), otherwise known as 5G, as well as NB-IoT and eMTC.
E-Space is developing new technologies for a next generation of NGSO constellations which ideally lends itself to being incorporated in future uses of the 2 GHz MSS frequency band.  Based on such development of a low earth orbit constellation E-Space will be in a position to offer high value services to users with increased spectrum efficiency.  As such E-Space will contribute and participate in the development of the European framework for the post 2027 use of 2 GHz MSS frequency band.	Comment by FM44: E-Space will improve the wording at a later stage
[bookmark: _Hlk135066006]Kinéis existing system is based on an NGSO SSO infrastructure of 9 in-orbit payloads and 25 nanosatellites (operational in 2024) that provides worldwide MSS UHF (399.9-400.05 MHz and 400.15-401 MHz) IoT services responding to low data rate/cost/energy consumption requirements with near real time experience. The growth of IoT customers leads Kinéis to develop a new satellite system around a complementary capacity with higher class of services such as IoT-NTN. Indeed, the MSS S-band (1980-2010 and 2170-2200 MHz) presents the benefit of i) 3GPP standardisation, enabling the rapid take-off for IoT terminal development, ii) full bidirectional capacity, facilitating resilient downlink services to IoT systems and iii) potential complementary services between GSO and NGSO systems. Amongst MSS frequency bands below 3 GHz, Kinéis sees S-band as a unique opportunity to expand its UHF service portfolio while optimising and sharing its use with other stakeholders. Hence, European Member States and regulators are invited to consider introducing new NGSO systems in the band and seeking complementarity between GSO and NGSO systems in this band to enhance IoT services for the single market around 2030.

Additional information on on-going/new issues in other regions or organisations[footnoteRef:1]:  [1:  See ECO Bulletin: March 2023 Edition (ECC(23)005), November 2022 Edition (ECC(22)042), July 2022 Edition (ECC(22)027) ] 

[bookmark: _Toc133919894]Examples 	Comment by SE40#80: This list is not exhaustive. It has to be reviewed to decide which examples to keep and whether to add others
Saudi Arabia NTN auction
The Saudi Arabian auction of spectrum for NTN (non-terrestrial networks) in 1980-2010 MHz (uplink) and 2170-2200 MHz (downlink) concluded in early December 2023 with the main operator Saudi Telecommunication Company (STC) winning both licences.
STC is now required to provide nationwide mobile satellite services as well as to build an air-to-ground network covering the main national air routes.
Examples in Asia Pacific
Australia
Australia is planning to license the S band for MSS with a complimentary ground component later in 2023 or early 2024 for two licensees in the 1980-2010 MHz and 2170-2200 MHz bands.
New Zealand
New Zealand has a proceeding that was placed on hold temporarily to authorize MSS in the 1980-2010 MHz and 2170-2200 MHz bands.
Examples in Non-EU Europe:
Iceland
Iceland has authorized EchoStar for MSS in the 1980-2010 MHz and 2170-2200 MHz bands.
Lichtenstein
Lichtenstein has authorized EchoStar and Inmarsat for MSS in the 1980-2010 MHz and 2170-2200 MHz bands consistent with the EU regulations.
Norway
Norway has authorized EchoStar and Inmarsat for MSS in the 1980-2010 MHz and 2170-2200 MHz bands consistent with the EU regulations.
Switzerland
Switzerland has authorized EchoStar and Inmarsat for MSS in the 1980-2010 MHz and 2170-2200 MHz bands consistent with the EU regulations.

Examples in the Americas
United States
The United States has awarded an exclusive license to DISH Networks for 2 GHz MSS with an ancillary terrestrial component.  DISH Networks is an affiliate of EchoStar Mobile Limited.
Brazil
Brazil has initiated a consultation in 2023 to make available two 15x15 MHz licenses for 2 GHz band MSS to EchoStar’s affiliate and Omnispace.
Mexico
Mexico has awarded two MSS and complimentary terrestrial component licenses in 20x20 MHz of spectrum to an EchoStar Affiliate and Omnispace.  The bands are 2000-2020 MHz and 2180-2200 MHz.  
Chile
Chile has authorized EchoStar and Omnispace for MSS in the 1980-2010 MHz and 2170-2200 MHz bands for MSS.
Direct satellite to cellular connectivity developments	Comment by SE40#80: A paragraph is to be drafted at the end of this section highlighting the need for technical studies if the regulatory framework is changed. Such technical studies would address among other things the protection of radio astronomy.
Several new players have announced intentions to enter the direct satellite to cellular connectivity market:
On 7 September 2022  Apple announced that the new iPhone 14 model will include satellite connectivity for text communication with emergency services for use in remote areas outside of cellular coverage with a clear view of the sky. The service will use Globalstar’s LEO constellation with uplink in L Band (1610-1621.35 MHz) and downlink in S Band (2483.5-2500 MHz). The service was planned to be enabled to users in the US and Canada in November and Europe March 2023.	Comment by Daniel Tesfagaber: This is addressed in section 3.1.
In January 2023 Qualcomm and Iridium announced a partnership to enable emergency messaging from handsets using the new Snapdragon Satellite chipset connecting via the Iridium L-Band network. Emergency messaging is planned to be made available from the second half of 2023. Garmin also plans to join this collaboration in order to extend its existing emergency messaging capabilities. It is noted that the Iridium frequencies of 1610-1626.5 MHz are outside the initial 3GPP NTN range for L-Band, so this is a proprietary solution, however Qualcomm has indicated it plans to support the NTN ecosystem in future. 
In February 2023 Samsung also announced that it will integrate 3GPP compliant NTN modem technology into its Exnyos chipset range, which will support two-way text messaging as well as high-definition image and video sharing. The company also indicated it plans to support NB-IoT NTN in a future design.
In February 2023 Omnispace and Ligado announced a collaboration to combine their MSS networks in order to provide NTN direct-to-device connectivity. This would include portions of Ligado’s L-Band spectrum in 1525-1559 MHz and 1626.5-1660.5 MHz in the US and Canada, and Omnispace’s S-Band spectrum (1980-2010 MHz and 2170-2200 MHz) outside of US and Canada. These bands are standardised for NTN in 3GPP Release 17 (bands n255 and n256). [The satellite spectrum assembled by the companies is licensed, 3GPP-standardized for non-terrestrial networks (NTN) and already in compliance with existing international ITU and U.S. regulations. Additionally, the collaboration anticipates optimizing multi-orbit geostationary (GEO) and non-geostationary (NGSO) networks to provide seamless, global coverage for D2D use cases across key markets.]	Comment by FM44: Proposed by Omnispace
Need to check with admins whether the added information is usefull
EchoStar, working with Skylo and Bullit, will be releasing a 3GPP-NTN compliant direct-to-device service later this year for two-way messaging .  Echostar has also announced it intends to build a 28 LEO satellite system in the MSS 2 GHz range called Lyra with both LoRa and NTN support to provide satellite based IoT connectivity including LoRa. The satellites will be manufactured by Astro Digital and are planned for launch in 2024.   EchoStar plans to construct and deploy a 3PP-NTN global LEO satellite network in 2026.
Many of the above initiatives rely on the newly approved NTN Rel-17 standard which covers the MSS 2 GHz spectrum as well as the MSS L-band, hence enabling Rel-17 compliant smartphones and devices to be addressed by satellite under the classical MSS regulatory framework.
In addition, interest has been shown for allowing the use, on a national basis and in derogation of the ITU table of frequency allocations, of terrestrial spectrum for to satellite operators that have subordinated its access to terrestrial IMT providers. This may enable the implementation of direct to satellite IMT coverage in these terrestrial bands, otherwise referred to as Supplemental Coverage from Space ("SCS") in the recent FCC's current Notice of Proposed Rule Making. While such a regulatory approach is not applicable to the MSS 2 GHz band, a description of some of the related initiatives is given below as an illustration of the raising interest for direct satellite to device communications:
AST SpaceMobile has launched its first direct-to-cell phone connectivity satellite. The BlueWalker 3 prototype was launched in September 2022. The satellite carries a 64 square metre phased array antenna that is designed to provide direct connectivity to standard mobile handsets in terrestrial mobile frequency bands. The aim is to extend connectivity of existing terrestrial networks in remote regions in collaboration with existing mobile operators. The company plans to launch operational “BlueBird” satellites from 2023 with the aim to provide connectivity in various regions through partnerships with Vodafone, Rakuten Mobile, Orange and American Tower
On 25 August 2022 T-Mobile and SpaceX announced a partnership which would allow Starlink satellites to provide direct connectivity within T-Mobile’s 1.9 GHz spectrum to customers’ existing handsets anywhere within the territory of the US, with the aim to provide coverage in currently unserved remote areas. A beta service is planned for testing in selected areas by the end of 2023 after second generation Starlink satellites can be launched. These will be larger satellites than the first generation, with 25 square metre antennas to allow operation in cellular bands. The initial beta service will be limited to SMS, MMS and messaging apps, and is planned to be extended to voice and data services later.
On 16 September 2022 the FCC approved Lynk Global’s application to provide a commercial satellite-to-mobile service from 10 LEO satellites operating in parts of the UHF range (617-960 MHz).
CRAF and SKAO expressed the view that direct-to-cell and non-terrestrial networks pose an increasing threat to radio astronomy. While, existing IMT networks have been widely studied, the inclusion of a satellite component (base stations) in an IMT network was never investigated. From the experience with land and aerial base station deployments, it is extremely likely that necessary coordination or exclusion zones sizes would exceed current values by far. Thus, multilateral coordination cannot be avoided and should be carried out. Should systems be filed under Article 4.4 of the Radio Regulations, only, it would increase the burden of organising and coordinating RAS protection. The necessary studies and calculations should hence be carried out at ITU-R (or at least CEPT) levels, to prevent redundant administrative work.
Relevant presentations from CEPT workshop on satellite innovations and regulatory challenges (21-22 November 2022)
Session 4. Satellite solutions for 5G and beyond
Research initiatives and standardisation
· Rainer Wansch (Fraunhofer Institute for Integrated Circuits IIS)
· Nicolas Chuberre (3GPP NTN Rapporteur)
Direct connectivity solutions via satellite
· Jan-Hendrik Jochum (Deutsche Telekom AG)
· Guy Christiansen (Apple)
· Margo Deckard (Lynk)
NEED FOR COEXISTENCE SUTIDES WITH OTHERS SYSTEMS IN CLOSE FREQUENCY BANDS TO SUPPORT SUSTAINABILITY OF THE REGULATORY FRAMEWORK
When establishing the basis for the current EU regulatory framework for MSS 2GHz, CEPT published CEPT Report 013 that details the different issues raised by having a specific framework handling coexistence with other systems in the same and adjacent bands. Depending on the orbits forseen by systems candidates, any new framework may need additional technical studies to assess whether GSO and NGSO systems could co-exist in the same band, the number of possible systems operating in the same band, and whether compatibility with other services in adjacent bands, including radio astronomy, could be maintained.
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