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In this contribution, the Regulatory Landscape of the Ku Band in the three ITU Regions between 10.7-14.5 GHz, is described. Furthermore, several satellite use cases of the Ku Band are identified.
We also present the outcome of the WRC-23 about the Ku Band. 
The Regulatory information in this contribution is correct at the time of submission [x,y,z].
Discussion
Ku Band 
The Ku Band spectrum consists of one large Download and two segmented Uplink Bands. The Ku Band covers the following segments in the ITU Regions 1 and 3
Downlink 	10.70-12.75 GHz
Uplink A 	12.75-13.25 GHz
Uplink B	13.75-14.50 GHz

And with slight difference of 50 MHz in the Downlink band, the Ku Band covers the following segments for ITU Region 2. 
Downlink 	10.70-12.70 GHz
Uplink A 	12.70-13.25 GHz
Uplink B	13.75-14.50 GHz

See following Figure 1
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[bookmark: _Ref156230505]Figure 1 Ku Band Spectrum in ITU Regions 1, 2 and 3
The following Table 1 illustrates the Regulatory assignment of Ku Band to the Fixed Satellite Services (FSS) and Broadcasting Satellite Service (BSS) across the three ITU Regions. The fourth column illustrates how the spectrum is being used by the satellite industry today and highlights the major trends in the future. 
Both GSO and non-GSO operators extensively use the Ku band between 10-15 GHz. Currently there are over 3900 GSO and non-GSO satellites not including pending/future launches which are projected to be above 40000 (see Table 3 in Annex 1). 
Over the years satellite operators have responded to this increasing service demand by developing more efficient and powerful space and ground segments. Most recently by developing state-of-the-art systems that can use the Ku-band, with High Throughput Satellites (HTS) and Very High Throughput Satellites (VHTS) that optimize the use of the spectrum by making frequency reuse of it and with Software Define Satellites (SDS), that optimize the flexibility of the satellites. 
Similarly, the ground segment has evolved significantly from traditional fixed terminals (parabolic antennas) to electronically phased arrays, that can be easily integrated in all kinds of mobile platforms and are seamlessly steerable. 
The vitality and innovation of the new space economy is well-illustrated by the recent deployments of non-GSO constellations. Between 2019 and today, more than 3500 satellites using Ku-band to connect end-users located throughout the Americas have been launched by operators such as Kepler, OneWeb, and SpaceX. NGSO FSS systems depend heavily on the Ku-band to provide broadband connectivity to the end user.  The Ku-band is now one of the most intensively used satellite bands –connecting thousands of satellites to millions of end-users providing high-speed broadband. These constellations provide various services from broadband to IoT, from M2M to SAT-AIS, including government services in disaster relief, telehealth, and remote learning.
For these constellations to continue to grow and expand their important services, it is crucial to continue technology development, but also to afford the satellite industry the legal and regulatory stability that will allow these investments to come to fruition. Each of these projects requires years of research, billions of dollars being invested in innovation to enable the constellation to be developed and launched, and years of regulatory engagement to enable market access at a global scale before being able to access a revenue stream.


From Table 1 it can also be observed that the frequency band 10.7- 14.5 GHz has been Harmonised Globally to provide FSS services in all three ITU Regions. 
The allocated FSS bands can be used by GSO and non-GSO Satellites. 



As it can be observed from the frequency bands, there are sufficient bandwidths across the bands for the Ku Bands to be used in a mix-and-match FDD services.   
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[bookmark: _Ref156378805]Table 1 Regulatory assignment for Satellite Service in the Ku Band in Three ITU Regions, Current Use and Future Trends
	Frequency Range (GHz)
	Regulatory assignment for satellite services (ITU-R Article 5)
	Current Use and Future Trends

	
	Region 1
	Region 2
	Region 3
	

	10.7-10.95 
	FSS (space-to-Earth), (Earth-to-space) 
The use of the band by the FSS in Earth-to-space direction is limited to feeder links for the broadcasting-satellite service.
The use of the band by GSO FSS systems in space-to-Earth direction is in accordance with Appendix 30B Plan [ref] designed to guarantee for all countries equitable access to the geostationary-satellite orbit. 
	FSS (space-to-Earth) 
The use of the band by GSO FSS systems is in accordance with Appendix 30B Plan [ref] designed to guarantee for all countries equitable access to the geostationary-satellite orbit. 
	Use of this band is intensifying with more Video via FSS to remain strong in many regions. Media global market size at $86 billion by 2030
Land, Aero and maritime ESIMs to deploy.
Increasing use by High Throughput Satellites, future expansion into Software Defined Satellites (SDS).
LEO systems to deploy.

	10.95-11.2 
	FSS (space-to-Earth), (Earth-to-space) 
The use of the band by the FSS in Earth-to-space direction is limited to feeder links for the broadcasting-satellite service.

	FSS (space-to-Earth) 

	The current heavy usage is expected to continue and grow and more focus on High Throughput Satellites, with increasing throughput, are expected.
Video via FSS to remain strong, VSAT and other data networks important.
Use of Mobility services (Aeronautical and maritime) mobile terminals well established over many years and use increasing with ESIMs. Socio-economic benefits to skyrocket from $13 billion in 2022 to $118 billion in 2030
Non-GSO satellite networks (e.g. MEO and LEO) systems to be deployed in this band 

	11.2-11.45 
	FSS (space-to-Earth), (Earth-to-space) 
The use of the band by the FSS in Earth-to-space direction is limited to feeder links for the broadcasting-satellite service.
The use of the band by GSO FSS systems in space-to-Earth direction is in accordance with Appendix 30B Plan designed to guarantee for all countries equitable access to the geostationary-satellite orbit. 
	FSS (space-to-Earth) 
The use of the band by GSO FSS systems is in accordance with Appendix 30B Plan designed to guarantee for all countries equitable access to the geostationary-satellite orbit. 
	Video via FSS to remain strong in many regions. 
Land, maritime, Aero ESIMs to deploy.
Non-GSO (MEO and LEO) systems to further be deployed in this band.
Increasing use by High Throughput Satellites, future expansion into Software Defined Satellites (SDS).
Market for current applications expected to grow.

	11.45-11.7 
	FSS (space-to-Earth),   (Earth-to-space) 
The use of the band by the FSS in Earth-to-space direction is limited to feeder links for the broadcasting-satellite service.



	FSS (space-to-Earth) 

	The current use is expected to continue and grow and more focus on High Throughput Satellites, with increasing throughput, are expected. Providing Broadband delivery for households, education, healthcare, emergency and critical services with a market size of $52 billion socio-economic benefits for 350 million people by 2030 [ref VVA study].
Video via FSS to remain strong in many regions, VSAT and other data networks important in some regions, Use of Aeronautical and maritime mobile terminals well established over many years and use increasing with ESIMs.
Non-GSO satellite networks (e.g. MEO and LEO) systems to be deployed in this band

	11.7-12.2 
	Broadcasting satellite (BSS)
Assignments may also be used for transmissions in the FSS (space-to-Earth), provided that such transmissions do not cause more interference, or require more protection from interference, than the BSS transmissions.


	FSS (space-to-Earth) 

 
	Broadcasting satellite (BSS)
Assignments may also be used for transmissions in the FSS (space-to-Earth), provided that such transmissions do not cause more interference, or require more protection from interference, than the BSS transmissions.

	BSS Video to remain strong in many regions. Media global market size at $86 billion by 2030
Land, Aero, maritime ESIMs to deploy using non-GSO systems.
Software Defined Satellites (SDS) being developed to provide on demand Broadband, Mobility and Media services.
Market for current applications expected to grow.
Further expansion of High Throughput Satellite usage.

	12.2-12.5 
	
	BSS
Assignments may also be used for transmissions in the FSS (space-to-Earth), provided that such transmissions do not cause more interference, or require more protection from interference, than the BSS transmissions.
	FSS (space-to-Earth) 

	BSS Video to remain strong in many regions, Aero ESIMs to deploy, non-GSO (e.g. MEO or LEO) systems to deploy.
Use of High Throughput Satellites, incl. Software Defined Satellites (SDS).

	12.5-12.75 
	FSS (space-to-Earth),   (Earth-to-space) 

	
	
	For FSS, current use is expected to continue and grow and more focus on High Throughput Satellites, with increasing throughput, are expected.
Video via FSS to remain strong in many regions, VSAT and other data networks important in some regions, Use of Aeronautical and maritime mobile terminals well established over many years and use increasing. 
Use of High Throughput Satellites, incl. Software Defined Satellites (SDS).

	
	
	FSS (Earth-to-space)
	
	

	12.75-13.25 
	FSS (Earth-to-space) 
The use of the band by GSO FSS systems in space-to-Earth direction is in accordance with Appendix 30B Plan designed to guarantee for all countries equitable access to the geostationary-satellite orbit. 
	Video via FSS to remain strong in many regions, while Mobility services such asAero and maritime ESIM to be deployed in this band post WRC23. 
Expansion into High Throughput Satellites, mobile terminals (incl. Aeronautical and maritime).
Software Defined Satellites (SDS) and non-GSO (MEO and LEO) systems to further deploy 

	13.4-13.65 
	FSS (space-to-Earth)
	
	New FSS band since 2015 – new satellites designed with this band.

	13.75-14.0 
	FSS (Earth-to-space) 
Subject to conditions on the minimum earth station antenna size and the maximum power flux density towards the sea.
	Revise current ITU radio regulation to relax operational conditions. 
Extend mobility applications.

	14.0-14.5 
	FSS (Earth-to-space), Mobile satellite service (MSS) (Earth-to-space)
Available for use by earth stations located on board vessels and aircraft earth stations under defined conditions. 

	Heavy use by all FSS/MSS applications. 
Use of mobile terminals, including Aeronautical and maritime mobile terminals, well established over many years and use is increasing.
Increased use of High Throughput Satellites, incl. Software Defined Satellites (SDS).
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Now more than ever, there is a need for satellite-terrestrial network interworking which is necessary to achieve the goal of providing global coverage. Multi-orbit network interoperations and interworking with software defined terrestrial networks will result in seamless connectivity. The satellite component will:
· Help foster the 5G service roll out in un-served or underserved areas to upgrade the performance of terrestrial networks.
· Reinforce service reliability by providing service continuity for user equipment or for moving platforms (e.g. passenger vehicles-aircraft, ships, high speed trains, buses).
· Increase service availability everywhere; especially for critical communications, future railway/maritime/aeronautical communications provision of emergency and back-up services to the terrestrial network.
· Enable the provision of additional channels to the terrestrial cellular network.
· Enable 5G network scalability through the provision of efficient multicast/broadcast resources for data delivery towards the network edges or even directly to the user equipment.
· Facilitate the provision of emergency and back-up services to the terrestrial network.

Ground Segment is transitioning toward virtualization and integration with mainstream Telco networks. The satellite component of 5G, and 6G in the future, extends from backhaul to user service provision, both from GSO and NGSO systems. In the era of affordable access to space, ground segment operators aim to build new platforms, make it easier for end users to adopt Satcom, improve cost competitiveness, evolve towards a Cloud-enabled solution, and achieve orchestration and integration into the 5G ecosystem.

Following Figure 2 shows a possible set of implementations where the integration of satellite communications will lead to actual use cases to support the deployment of 5G networks on a wide and all-terrain basis.

[image: ]
[bookmark: _Ref157769647]Figure 2 Satellite- 5G Use Cases (Source: ESOA-GSC-ITU)

Adjacent Services  
Adjacent and within the Ku Band there are several designated applications; these applications are as follows. See following Table 2:
[bookmark: _Ref156310700]Table 2 Services and Applications adjecent to and within the Ku Band
	Service 
	Band (GHz) 
	ITU Regions 
	Remarks 

	Radio Astronomy Band
	10.68 - 10.7
	All Regions
	Adjacent to the Ku Band

	Broadcasting Satellite Service (BSS)
	11.7–12.2
	All Regions 
	within the Ku Band

	Gateway Earth Station Service 
	13.75-14.0
	All Regions 
	Gateway Uplink Services 1.2m diameter dishes for GSO and 4.5m dishes for NGSO 

	FSS  
	14.0 -14.5 
	All Regions
	Aero Services  

	FSS
	12.75-13.25

	All Regions
	Additional ESIMs Applications were agreed Globally 
for Uplink A spectrum


	Scientific Services and Radar
	13.25-13.75 
	All Regions
	Scientific Services and NATO Radar Band

	New IMT Band to be studied for WRC-27
	14.8-15.35 GHz
	All regions 
	Used by NATO under Fixed and Mobile Service allocations, new Space Research allocation in WRC-23

	New IMT band assigned
	10.0 -10.5 GHz
	Region 2
	IMT services shared with scientific services 

	Scientific Services 
	10.0-10.4GHz
	Regions 1 and 3
	

	Multiple Scientific Services 
	10.4-10.68GHz
	Regions 1 and 3
	

	Multiple Scientific Services
	10.5-10.68GHz
	Region 2
	



See also the following Figure 3
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[bookmark: _Ref157592937]Figure 3 Ku Band Spectrum in ITU Regions 1, 2 and 3 with various Applications
With reference to Figure 3 and Table 2 we can observer that:
1- 14.0-14.5 GHz Band has been used for date for Aero and Maritime Services as well as VSATs
2- 13.75-14.0 GHz band is designated for Uplink Services for Gateways: minimum 1.2m diameter dish for GSO and 4.5m diameter dish NGSO Satellites 
3- At the WRC-23 it was agreed to have ESIM applications in Uplink Band A 



WRC-23
WRC is the international spectrum conference that takes place every four years bringing together thousands of delegates from Member States of the ITU to review and revise the ITU Radio Regulations, the international treaty that governs the use of precious radio frequency spectrum and satellite orbits. WRC-23, which was held in Dubai, wrapped up in December 2023.
The outcomes of WRC-23 directly affect people around the world as it affects services offered to people around the world. From improved connectivity and technological advancements to ensuring fair competition and access to communication technologies, these decisions shape the telecommunications arena.
Following WRC-23, AI 1.15, it was agreed to unlock 500 MHz in the 12.75-13.25 GHz band (Uplink A) for Earth Stations in Motion (ESIM) Services: these services will be in addition to the existing FSS Services with this frequency range and experts applauded additional frequency bands opened for satellite services.

For Non-Geostationary (NGSO) Fixed Satellite Service Earth Stations in Motion (ESIMs), the WRC-23 conference identified new frequencies to deliver high-speed broadband onboard aircraft, vessels, trains, and vehicles. These satellite services are also critical following disasters scenarios (floods, hurricane tsunami etc.) where local communication infrastructure is damaged or destroyed. See Table 2.
WRC-23 also discussed agenda items to be considered for the WRC-27 study cycle. Amongst the new agenda items, is AI 1.2 which recognizes the need to unlock additional Ku band FSS spectrum in the band 13.75-14GHz by reviewing the stringent conditions applying to the satellite use. 

Finally, the WRC-23 conclusion in Dubai, it was clear there was no appetite to change the usage in the Ku Band and therefore the Ku Band will remain dedicated to Fixed Satellite Services for the foreseeable future.



Conclusion
Satellite issues are taking a leading role on a global stage, satellite industry regulatory experts agree after the International Telecommunication Union (ITU) World Radiocommunication Conference (WRC). As the satellite industry grows in the number of players, the applications it serves, and technological innovations, satellite issues are playing a larger role at the international spectrum gathering.
The Ku Band, which covers 10.7-14.5 GHz is being used extensively for FSS Services. 
The band assignments as described in Table 1 are stable and have been used by many Satellite operators across the world to offer various services.
New additional ESIM Applications were agreed in the WRC-23 for Ku band Uplink Band A. 

At the time of writing this contribution, i.e., February 2024, from the ITU Regulatory perspective the Ku Band remains designated for the Fixed Satellite Services. 



[bookmark: _Ref157597073]Annex 1
As presented in this contribution, it is therefore timely to include Ku band in 3GPP Release 19 focusing on the satellite component of 5G. 
The following Table 3, provides a list of GSO and NGSO satellite operator’s use of Ku band:
[bookmark: _Ref157596869][bookmark: _Ref157596798]Table 3 GSO and NGSO Satellite Operators using the Ku Band
	[bookmark: _Hlk134034043]Satellite Operator
	COVERAGE[footnoteRef:1] [1:  Coverage is a simplification, as satellites are often designed to cover oceans with part of continents on both sides. ] 

	TYPE
	SATELLITES
	NUMBER OF SATELLITES

	Intelsat
	Americas
	GEO
	Galaxy 11, Galaxy 16, Galaxy 17, Galaxy 18, Galaxy 19, Galaxy 28, Galaxy 30, Galaxy 31, Galaxy 32, Galaxy 33, Galaxy 35, Galaxy 36, Galaxy 3C, Horizons 1, Horizons 2, Intelsat 16, Intelsat 21, Intelsat 23, Intelsat 34, Intelsat 902, Intelsat 904
	21 in operation 





	
	
	
	Galaxy 37/Horizons 4, Intelsat 40e, Intelsat 42, Intelsat 43
	4 future (being manufactured)

	
	Europe, Africa, Middle East 
	GEO
	Intelsat 10-02, Intelsat 14, Intelsat 17, Intelsat 20, Intelsat 25, Intelsat 28, Intelsat 32e, Intelsat 35e, Intelsat 37e, Intelsat 38, Intelsat 39, Intelsat 901, Intelsat 905, Intelsat 906
	14 in operation




	
	
	
	Intelsat 41
	1 future (being manufactured)

	
	Asia
	GEO
	Horizons 3e, Intelsat 1R, Intelsat 10, Intelsat 15, Intelsat 18, Intelsat 19, Intelsat 22, Intelsat 33e
	8 in operation



	
	
	
	Intelsat 44
	1 future (being manufactured)

	SES
	EMEA
	GEO
	ASTRA 1G, ASTRA 1KR, ASTRA 1L, ASTRA 1M, ASTRA 1N, ASTRA 2E, ASTRA 2F, ASTRA 2G, ASTRA 3B, ASTRA 4A, ASTRA 5B, SES-5, Monacosat
	13 in operation 

	
	EMEA
	GEO
	ASTRA 1P, ASTRA 1Q
	2 future (under procurement)



	
	North America
	GEO
	AMC-1, AMC-3, AMC-6, AMC-15, AMC-21, ASTRA 2C, CIEL-2, QUETZSAT-1, SES-1, SES-2, SES-3, SES-11, SES-15
	13 in operation


	
	Global
	GEO
	ASTRA 2A, NSS-6, NSS-7, NSS-11, NSS-12, SES-4, SES-6, SES-7, SES-8, SES-9, SES-10, SES-12, SES-14, SES-17 
	14 in operation


	
	Global
	GEO
	SES-26
	1 future (under procurement)

	Eutelsat
	Europe, Africa, Middle East
	GEO
	EUTELSAT 12WE, EUTELSAT 8WB, EUTELSAT 7WA, EUTELSAT 5WB, EUTELSAT 3E, EUTELSAT 7B, EUTELSAT 7C, EUTELSAT 9B, EUTELSAT 10B, HOT BIRD 13B, HOTBIRD 13C, HOTBIRD 13E, HOTBIRD 13F, HOTBIRD 13G, EUTELSAT 16A, EUTELSAT 21B, EUTELSAT 33E, EUTELSAT 36B, EUTELSAT 36C, EUTELSAT QUANTUM 
	20 in operations

	
	Asia
	GEO
	EUTELSAT 70B, EUTELSAT 172B
	2 in operations

	
	Americas
	GEO
	EUTELSAT 65WA, EUTELSAT 113WA, EUTELSAT 115WB, EUTELSAT 117WA, EUTELSAT 117WB, EUTELSAT 133WA, EUTELSAT 139WA
	7 in operations

	
	Global
	GEO
	EUTELSAT 36D, EUTELSAT FLEXSAT
	2 future satellites

	
	Europe, Africa, Middle East
	GEO
	KONNECT, KONNECT VHTS, KASAT
	3 satellites having TTC in Ku band

	Rascomstar
	Africa+South Europe
	GEO
	RQ1R@2.9°E
	1 in operation

	Hispasat
	Europe, North Africa, Americas
	GEO
	HISPASAT-30W-5, HISPASAT-30W-6, HISPASAT-36W-1
	3 in operation

	
	Europe, Americas
	GEO
	AMAZONAS-2, AMAZONAS-3, AMAZONAS-5, HISPASAT-74W-1

	4 in operation

	
	
	GEO
	AMAZONAS-NEXUS
	1 future (just launched, reaching GSO)


	OneWeb
	Global
	LEO
	ONEWEB-xxx

	618 in operation

	Telenor
	Europe
	GEO
	Thor 5, Thor 6, Thor 7

	3 in operation

	Nilesat
	MENA, Africa
	GEO
	Nilesat 201, Nilesat 301
	2 in operation

	Yahsat
	EMEA and Asia
	GEO
	Al Yah 1
	1 in operation


	ARABSAT
	EMEA
	GEO
	ARABSAT-5A, -6A, BADR4, BADR5, BADR6, BADR7, HellasSat-2, HellasSat-3, & HellasSat-4
	9 in operation

	
	EMEA

	GEO
	ARABSAT-7A, BADR-8
	2 to be launched

	Dish
	Americas
	GEO
	ECHOSTAR XVI, ECHOSTAR X, ECHOSTAR XI, ECHOSTAR XIV, TERRESTAR-1
	5 in operation

	EchoStar
	Americas
	GEO
	ECHOSTAR IX, AMC-2, ECHOSTAR-105
	3 in operation

	Telesat

	Americas



	GEO






	Anik F1, Anik F1R, Anik F2, Anik F3, Anik G1, Nimiq 4, Nimiq 5, Nimiq 6, Telstar 14R, Telstar 19 VANTAGE
	10 in operation



	
	Americas, Europe, Middle East, Africa

	GEO
	Telstar 11N, Telstar 12 VANTAGE

	2 in operation

	
	Asia
	GEO
	Telstar 18 VANTAGE
	1 in operation

	Optus
	Asia
	GEO
	Optus C1/Optus D1/Optus D2/Optus D3/Optus 10
	5 in operation

	
	Asia
	GEO
	Optus 11
	1 future satellite

	Chinasat
	Asia
	GEO
	Chinasat 6D, Chinasat 9, Chinasat 9B, APSTAR 6C
	4 in operation

	
	Asia Pacific 
	GEO
	APSTAR 5C, APSTAR 6D, APSTAR 9
	3 in operation

	
	Asia, Europe
	GEO
	Chinasat 10
	1 in operation

	
	Asia, Africa, Middle East
	GEO
	Chinasat 11, APSTAR 7
	2 in operation

	
	Asia Pacific, Africa, Europe, 
	GEO
	Chinasat 12
	1 in operation

	
	Africa
	GEO
	Chinasat 15
	1 in operation

	
	Asia Pacific, North America
	GEO
	Chinasat 19
	1 in operation

	
	Asia & Middle East
	GEO
	Chinasat 6E, Chinasat 10R, Chinasat 9C
	3 future satellites

	AsiaSat
	APAC
	GEO
	AsiaSat 4, AsiaSat 5, AsiaSat 7, AsiaSat 9
	5 in operation

	
	EMEA
	
	AsiaSat 8
	

	JSAT/SJC
	APAC
	GEO
	JCSAT-110A, JCSAT-110R, JCSAT-4B, JCSAT-3A, JCSAT-5A, JCSAT-17, SUPERBIRD-C2, JCSAT-1C, JCSAT-2B, SUPERBIRD-B3, JCSAT-12, JCSAT-16
	12 in operation

	MEASAT
	APAC
	GEO
	MEASAT-3A, MEASAT-3B, MEASAT-3D
	3 in operation

	ARSAT
	America
	GEO
	ARSAT-1, ARSAT-2
	2 in operation

	Starlink
	Global
	LEO
	STARLIN-xxx
	>3000
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