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Introduction
In preparation of the formal submission of the Ku Band work item at the next RAN Plenary #104, we offer a different aspect of the Ku Band Standardization work. 
Discussion
In the Ku Band work package, the intention is to apply 3GPP’s robust standardisation methodology and procedures to develop a 5G NR Standards for NTN services and applications in the Ku Band
Currently services on this segment of the spectrum have proprietary technologies, which do not offer flexibility of vendors and open interfaces for inter-operability.
The Ku Band in regions 1,2 and 3 are shown in the following Figure 1
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[bookmark: _Ref160528110]Figure 1 Ku Band Spectrum in ITU Regions 1,2 and 3




Motivation for Standardising the Ku Band
Currently, Ku Band carries substantial proportion of the satellite’s capacity over GEO and NGSO Satellites.
The Ku Band market is expected to grow exponentially with CAGR of 15% and it is expected to grow larger by implementing 5G Service. See following Figure 2.
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[bookmark: _Ref160813642]Figure 2 Ku Band Market Forecast and Services Utilising Connectivity through the Ku Band
There is an urgent need to standardize the Ku Band to meet the 5G services deployment. The 5G ecosystem infrastructure is currently being built and it is important to ensure available terminals equipped with the 5G chipset.  Additionally, by standardising the Ku Band for 5G Services, new commercial and technological opportunities will present themselves for network equipment, chipset, and terminal manufacturers to produce new products. These new innovations will undoubtedly expand the 5G Ecosystem and strengthen the telecommunication market.
In the envisioned future of the 5G Ku Band market, open interfaces reflect clear-cut requirements, enabling true plug-and-play operation. Modular 5G Ku Band elements would allow network operators to reconfigure, update, or replace subsystems as needed, easily and in minimal time. 
Moreover, Open interfaces allow vulnerabilities to be identified and patched to secure the network. 
Open Standards, such as the 3GPP Standards, allow for the expansion of the market, encourage innovation, and reduce deployment and maintenance costs.





Objectives of the Ku Band Work Item
The objective of this work package consists of the following: 
· Provide connectivity to and from GSO and NGSO (e.g., LEO, MEO, HEO) based satellite systems. 
· Considering the vast amount of the work undertaken to date by the Ka Band Standardisation, to use or adapt the methodology that has been used to define the NR NTN Ka band and related requirements.
· Provide connectivity for various VSATs such as 
· Fixed VSATs 
· Mobile VSATs consisting of airborne, maritime and land based ESIM for NGSO and for GSO satellites. 
· Standardise Electrically and Mechanically steered antennas to cater for the connectivity between the ground-based terminals and various satellites.
· Provide full and half duplex FDD mode connectivity between the terminals and satellites. 
· Determine RF related specifications for Satellite Access Nodes (SAN) and various VSATs and ESIMS.
· And Terminal assumed to have GNSS receiver functionality. 

Devices and Terminals 
One of the key differentiators of the Ku Band work package, compared to the Ka band work, is the inclusion of ESIMs (Earth Stations in Motion) and Mobile VSATs Devices connected to the NGSO Satellites. ESIM (Earth Station in Motion) and Mobile VSAT (Mobile Very Small Aperture Terminal) are equivalent in the scope of the present document.

NTN UE Power Class/Types definition
Table 1 lists UE types (Fixed VSAT and Mobile VSAT) and capability (electronically or mechanically steering antennas)
[bookmark: _Ref160639654]Table 1Assumed UE Types
	UE class
	UE type
	Type description

	Fixed VSAT
	1
	Fixed VSAT communicating with GSO and LEO with mechanical steering antenna.

	
	2
	Fixed VSAT communicating with GSO and LEO with electronic steering antenna.

	
	3
	Fixed VSAT communicating with LEO only with electronic steering antenna.

	Mobile VSAT
	4
	Mobile VSAT communicating with GSO with mechanical steering antenna.

	
	5
	Mobile VSAT communicating with GSO with electronic steering antenna.

	Note 1: The UE types are assuming UE has only one antenna beam towards one satellite at a given time in this release.







ESIMs 

ESIMs are satellite communication systems designed for mobility. They can establish and maintaining communication links with satellites while in motion. ESIMs are increasingly used for broadband Internet access, broadcasting services, and emergency communication services, adaptable to both Non-Geostationary Satellite Orbit (NGSO) and Geostationary Satellite Orbit (GSO) systems.
The term “ESIMs” is the collective designation for three types of earth stations that the various regulatory bodies authorize to transmit while in motion: 
· Earth Stations on Vessels (ESVs), 
· Vehicle-Mounted Earth Stations (VMESs), and 
· Earth Stations Aboard Aircraft (ESAAs).  
ESIMs enable the provision of very high data rate broadband communications to mobile platforms that often cannot be served using other communications technologies. ESIMs are used to deliver broadband to ships, vehicles, trains, and aircraft using the same frequency bands, hardware, satellites, transponder beams, and control stations used to serve earth stations at fixed locations.
The typical data rates currently provided by terminals operating in networks serving ESIMs are around 100 Mbit/s. Data rates may increase to support greater broadband demand or be reduced for applications using smaller earth station antennas while still supporting much higher data rates than are available over existing MSS systems. ITU studies examine how to deliver higher data rates, without impacting other and existing services adversely.
When ships are at sea or aircraft cross the oceans, they are out of reach of terrestrial networks. For such craft on or over vast oceans, an ESIM system can resolve this challenge by providing continuous broadband connectivity for crew and passengers.
ESIMs provide broadband communications on cruise ships, the largest of which can accommodate several thousands of passengers. In addition, ESIM can provide broadband communications for managing ship operations, such as for transmission of engine diagnostics, as well as for access to the ship operator's corporate network and for its crew's communications.
In addition, ESIMs meet the broadband connectivity requirements of land vehicles, including trains, coaches, vans, trucks, and motorhomes. Land ESIM can provide connectivity throughout countries and are particularly useful in areas that are not served by terrestrial networks.
ESIM applications also exist for government users and aid organizations that have broadband communication needs for land vehicles, ships, and aircraft. For example, when telecommunications infrastructure is down due to natural disasters, land ESIM can be vital.
Inflight connectivity is a growing vertical, with airlines transitioning from paid, to same-free, to free services for passengers in some markets.
Demand for maritime bandwidth to support crew welfare and craft operations is expected to increase by approximately 12 times by 2031.
Therefore, for future broadband connectivity, it is essential to have ESIMs services as these services will: 
· Support the need for ubiquitous broadband connectivity regardless of location.
· Allow connectivity even when on the move globally; and 
· Provide a harmonized international framework for the use of ESIM awhile protecting existing services.
Very Small Aperture Terminals (VSATs)
Mobil Satellite Technologies provides all types of Very Small Aperture Terminal (VSAT) systems for government, commercial, and consumer use. Generally, VSATs can be categorised as: 
· Fixed VSATs
· Portable VSATs
· Marine VSATs
· Vehicle Mounted VSAT
Technically, VSAT refers to any two-way satellite ground mounted or a stabilized maritime VSAT antenna with an antenna (dish) that is smaller than 3 meters. 
Satellite networks each have their own individual characteristics which vary from network to network, and each network has its own requirements as to dish size and transmit power. The minimum size of a VSAT antenna that will meet a particular customer’s needs is determined by each satellite network operator’s Link Budget calculations.
Large portion of the services offered over Fixed Satellite Services (FSS) consists of VSATs in either Fixed or Mobile deployment version. Moreover, the utilisation of VSATs is essential to Satellite business, such as the Ku Band.
For more information on VSATs please refer to the Technical Annex A -Types of VSATs 

Regulatory Landscape
Ku Band Spectrum 
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, 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. 
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 (see Figure 5 below).
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[bookmark: _Ref160449291]Figure 3 New Applications agreed in Ku Band following WRC-23
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.
Regulatory Framework of ESIMs for NGSO Systems
As satellite communication rapidly advances, ESIMS emerge as pivotal elements in modern connectivity, particularly as the industry witnesses the rise of large constellations of non-geostationary (NGSO) fixed-satellite service (FSS) systems. These emerging constellations, poised to provide global broadband coverage, intensify the need for a more supportive regulatory framework for NGSO FSS ESIMs. ESIMs, which include stations on aircraft, ships, and land vehicles, facilitate high-bandwidth, reliable connections to moving targets.  
From Regulatory perspective there are regional variations of the Regulatory Framework of ESIMs in the US and in Europe:
In the United States, a comprehensive framework includes blanket licensing for all types of ESIMs that communicate with NGSO FSS systems in Ku- and Ka-band frequencies. An approach characterized by its inclusivity, allowing various ESIM operations under a unified regulatory umbrella, which simplifies the process for operators and encourages technological innovation and deployment.
Several European countries in Europe, have established generally favourable regulatory environments for ESIM operations. For example, some countries have developed frameworks that support a broad range of ESIM activities while ensuring that these systems coexist harmoniously with other satellite and terrestrial communications services (e.g., Portugal, Ireland, Italy).
In other continents, countries like Canada and Australia have developed more specific regulations, tailoring their ESIM policies to address local needs and existing communication infrastructures.
In countries where the use of ESIMs need to be closely monitored and managed due to heavy usage of the spectrum or potential interference concerns, additional layers of regulations are required to manage the operation and use of the ESIMs.
The conclusion that can be drawn is that ESIMs connected to the NGSO satellite systems provide another critical layer of connectivity to users and for services worldwide. 

Contributions on Ku Band  
Much work has been carried out to date on various aspect of the Ku Band by companies supporting the Ku Band work. These contributions are as follows:
Ku Band Package:
1. Market rationale
0. Intelsat. Ku Band for 5G NTN Services; RAN#99 Rotterdam RP-230708  
0. Intelsat, Ku Band motivation, Bangalore RAN#101, RP-231888
0. Eutelsat, Motivation to Support Ku Band Deployment Scenarios, RAN#102, RP-233789
0. ATIS Liaison Statement on Release 19 Proposed NTN Features Contribution to Release 19 Workshop, RAN#100 Taipei, RWS-230487  
0. ATIS companies NTN recommendations includes Ku request RP-233409
1. Gap analysis of 3GPP specs
1. Intelsat, “Normative Topics of the Ku Band: A Gap Analysis” Chicago R4-2318480
1. Reference scenarios/params for co-ex.
2. Thales: “VSAT and Satellite parameters for Ku-band Scenario” Chicago, R4-2320973
1. Band Definition (pairing DLs and ULs etc)
3. “Regulatory status of NTN in bands above 10 GHz post WRC-23”, Eutelsat Group, R4-2400516 RAN4#110 Athens
1. Regulatory Analysis
4. Regulatory status of NTN in bands above 10 GHz post WRC-23 (Eutelsat Group RP-240080, RAN#103, Maastricht)
4. Intelsat Regulatory Analysis of the Ku Band, R4-2400509  
1. Co-existence Analysis 
5. Intelsat Ku Band Standardization: Topics on Coexistence Studies; R4-2400510
1. Ku Band Tx Power 
6. Sky Perfect JSAT Motivation for Ku-band VSAT UE Tx Power Increase; R4-2400335
1. Ku WID 
7. “New WID on Introduction of the Satellite Ku Band”, Bangalore RP-231887
7. “WID for non RAN4 spectrum Ku aspects”, Edinburgh RP-233408

Conclusion
As it has been communicated numerously, the aim is to provide 5G NR NTN Services in the Ku Band.
The big differentiator is the mobility aspect of the Ku Band and mobile services such as Mobile VSAT and ESIMs connected to NGSO Satellites which are critical commercially for the Ku Band Satellite Service providers.
From the ITU Perspective, the decisions of the last WRC-23 were favourable to the Ku Band as it showed that there is no appetite to change the use of the Ku Band. The Ku Band will remain for Fixed Satellite Service for foreseeable future. 
To date great amount of preparation work has been undertaken by companies interested in Ku Band; furthermore, with lessons learnt from the Ka Normative work we are confident that the Ku Standardisation work will progress in a much more a harmonised and co-ordinated fashion. 
Proposal 
It is our view that the 5G Services on the Ku Band will offer the next big wave of market expansion and innovations, for the Telecommunication Industry.
There is a growing market need for Ku Band Services, and we propose to commence the Release 19 Ku Band Normative work as soon as possible.
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In this Technical Annex, four types of VSATs are presented. 
Fixed VSAT
For a fixed location, VSAT antennas are the very best- and sometimes only- way to bring broadband to areas that are underserved or unserved by landline, cellular, or other technologies. As long as the fixed VSAT antenna can be installed in a location that has a clear view of the sky and satellites, it will deliver high speed Internet. See following Figure 2.
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[bookmark: _Ref160467631]Figure 5 Fixed VSAT
Fixed VSATS are generally deployed in remote or sparsely populated areas where cellular or fibre services are not available,

Portable VSAT
Portable VSAT technology has changed rapidly in the last few years. It used to be that most common VSAT units were the common case-based VSAT units and drive-away systems.
Recently, several different manufacturers have begun offering smaller and lighter VSATs as light as 8 Kg. See following Figure 3.
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[bookmark: _Ref160467819]Figure 6 Mobile or Portable VSAT
Mobile VSATS have been deployed for variety of services and applications, and are the workhorse of the FSS services. 
Marine VSAT
Maritime VSAT terminals are gyroscopically stabilized so that no matter how the vessel moves, the VSAT antenna “tracks” and maintains a precise aim to the desired satellite.
Maritime VSATs include domes to protect the antennas from the elements. Maritime VSAT antennas are housed within a special fiberglass radome designed to prevent the antenna’s very delicate and precise aiming from being affected by wind or other environmental conditions, as well as to protect the sensitive electronics from the harsh and unforgiving environments that maritime VSAT antennas sometimes operate in.
These Maritime VSATs are essential part of the FSS, providing essential broadband services to vessel operating over oceans and seas. See following Figure 4.
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Figure 7 Maritime VSAT


Vehicle Mounted Mobile VSAT
Vehicle-mounted auto-acquire VSATs also come in a variety of sizes, with a model to fit almost every satellite network and need. Vehicle mounted VSAT systems normally start as small as .75 meters and go up to 1.2 meters, which is sufficient for most applications. 
Vehicle-mounted auto-acquire VSATs deploy and stow with the push of a single button on the automatic satellite controller that is located inside of the vehicle. These terminals typically deployed and come online within just a few minutes. Vehicle mounted VSAT antennas are very popular with Emergency Management professionals, as they allow quick establishment of on-scene voice, video, and data communications.
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Ku Band Downlink and Uplink Bands (ITU Regions 1 and 3)

Radio Astronomy

Muipe Seniic Sand
Senices
Downiink Upink A Upink B
Spcclofart Earthto Earth to Space
1058 Ghe
feaecrs AgAtihe ke 12.75 GHz. 13.25 GHz. 13.75 GHz 14.50 GHz 14,80 GHz 15.35 GHz

D k Uplink B

Space to Earth Spac Farth to Space

Maltiple Scientifc

Sevices Jidids

1000 GHz 10.50 Gz 1070 GHz 1270 GHz 1325 Ghz 1375 GHz 1450 GHz 1480 GHz 1535 Gz

Radio Astronomy

Ku Band Downlink and Uplink Bands (ITU Region 2)




image2.jpg
Spotlight on the Ku-band Terminals

Ku-band terminals are projected to grow with increased demand across key applications
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