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Introduction 
5G is envisioned to be a highly-advanced, ubiquitous, seamlessly integrated heterogeneous “network of networks” or “system of systems” providing a wide range of services and applications. Issues such as the geographic coverage, network resilience, flexibility and efficiency will benefit from a variety of networking technologies including non-terrestrial platforms, such as satellites. 

Next generation satellites are currently being designed and put in operation and their integration into 5G is under study and development.

Certain bands in the 20 GHz range are conventionally referred to as the Ka band and are allocated to diverse radiocommunication services according to the international allocation table of Article 5 in the Radio Regulations (RR) of the International Telecommunication Union (ITU), including the Fixed-Satellite and Mobile-Satellite Services (FSS and MSS) which can be used by satellites in the Geostationary orbit (GSO) and in non-Geostationary Orbits (NGSO). The duplex mode for all satellite bands is FDD and therefore the bands are distinctly assigned to UL (Earth-to-space) and DL (space-to-Earth), and sometimes to both directions. 


Discussion 
[bookmark: _Toc493127338]2.1 Regulatory aspect
The chart below provides information on the primary allocations to the FSS and MSS in the commercial Ka band (17.3-20.1 GHZ and 27.0-30.0 GHz). All bands in the chart are available for GSO satellites, while the regulatory regime for NGSO satellites varies from band to band. Where there is no indication for NGSO in the chart, it is understood that the band is available for NGSO but GSO has priority.

	Band (GHz)
	Region 1
	Region 2
	Region 3

	17.3-17.7
	FSS (space-to-Earth)
FSS (Earth-to-space)
	FSS (Earth-to-space)
NGSO not allowed
	FSS (Earth-to-space)

	17.7-17.8
	FSS (space-to-Earth)
FSS (Earth-to-space)
	FSS (space-to-Earth)
FSS (Earth-to-space)
NGSO not allowed
	FSS (space-to-Earth)
FSS (Earth-to-space)

	17.8-18.4
	FSS (space-to-Earth)
FSS (Earth-to-space)
NGSO epfd limits apply
	FSS (space-to-Earth)
FSS (Earth-to-space)
NGSO epfd limits apply
	FSS (space-to-Earth)
FSS (Earth-to-space)
NGSO epfd limits apply

	18.4-18.6
	FSS (space-to-Earth)
NGSO epfd limits apply
	FSS (space-to-Earth)
NGSO epfd limits apply
	FSS (space-to-Earth)
NGSO epfd limits apply

	18.6-18.8
	FSS (space-to-Earth)
	FSS (space-to-Earth)
	FSS (space-to-Earth)

	18.8-19.3
	FSS (space-to-Earth)
NGSO-GSO co-primary
	FSS (space-to-Earth)
NGSO-GSO co-primary
	FSS (space-to-Earth)
NGSO-GSO co-primary

	19.3-19.7
	FSS (space-to-Earth)
FSS (Earth-to-space)
	FSS (space-to-Earth)
FSS (Earth-to-space)
	FSS (space-to-Earth)
FSS (Earth-to-space)

	19.7-20.1
	FSS (space-to-Earth)
	FSS (space-to-Earth)
MSS (space-to-Earth)
	FSS (space-to-Earth)

	20.1-20.2
	FSS (space-to-Earth)
MSS (space-to-Earth)
	FSS (space-to-Earth)
MSS (space-to-Earth)
	FSS (space-to-Earth)
MSS (space-to-Earth)

	
	
	
	

	27.0-27.5
	
	FSS (Earth-to-space)
	FSS (Earth-to-space)

	27.5-28.6
	FSS (Earth-to-space)
	FSS (Earth-to-space)
	FSS (Earth-to-space)

	28.6-29.1
	FSS (Earth-to-space) 
NGSO-GSO co-primary
	FSS (Earth-to-space) 
NGSO-GSO co-primary
	FSS (Earth-to-space) 
NGSO-GSO co-primary

	29.1-29.5
	FSS (Earth-to-space)
NGSO not allowed
	FSS (Earth-to-space)
NGSO not allowed
	FSS (Earth-to-space)
NGSO not allowed

	29.5-29.9
	FSS (Earth-to-space)
	FSS (Earth-to-space)
MSS (Earth-to-space)
	FSS (Earth-to-space)

	29.9-30.0
	FSS (Earth-to-space)
MSS (Earth-to-space)
	FSS (Earth-to-space)
MSS (Earth-to-space)
	FSS (Earth-to-space)
MSS (Earth-to-space)


Table 1: FSS and MSS allocations in the commercial Ka band

Additionally, some FSS allocations are available for the deployment of Earth Stations in Motion (ESIM), which allow for the provision of services on ground, aeronautical and maritime vehicles. The RR provides for a worldwide ESIM identification in the ranges 17.7-19.7 GHz and 27.5-29.5 GHz (highlighted in green).

Within the commercial Ka band, several frequency segments are also allocated to the Mobile Service (MS), either with a primary or secondary category. Among such MS allocations, the frequency segment 27.0-27.5 GHz is also identified for the deployment of IMT. 

Where co-primary allocations exist (i.e. two or more services are allocated in a primary category), no priority is pre-established among the allocated services. In general, when domestically assigning spectrum, countries’ administrations choose either to select one single service to be deployed in their country or to allow multiple services. In the latter case administrations generally implement coexistence rules that allow spectrum sharing.

Observation 1: ITU-RR designates primary allocations to the FSS and MSS in the commercial Ka band (17.3-20.2 GHZ and 27.0-30.0 GHz).
2.1.1 FSS - What are these allocations/assignments used for
The Ka band is one of the frequency bands that is largely harmonized throughout the world. The frequency bands 17.7–20.2 and 27.5–30 GHz have been allocated in the RR for the use of systems in the FSS as well as for other space and terrestrial services on a shared basis. 

The Ka band is extensively used globally for the provision of satellite broadband services, particularly high-speed Internet access.  The many benefits of accessing the Internet is of increasingly social and economic significance. Yet, it may be surprising to note that nearly 49% of the people in the world do not have access to the Internet[footnoteRef:1]. And even more surprising is that many of this huge population that is either unserved or underserved by terrestrial fiber, cable or DSL services live or work in ex-urban, not just difficult-to-serve rural areas, and can be found in developed and developing economies alike. For example, in the world’s largest economy, the US, this addressable market represents over 4.4% of the population—well over 14.5 million Americans still lack access to fixed broadband service at threshold speeds[footnoteRef:2].  [1:  ITU estimates that at the end of 2019, a bit more that 51 per cent of the global population, or 4 billion people, are using the Internet.​​ https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx ]  [2:  Fourteenth Broadband Progress Report. FCC. https://docs.fcc.gov/public/attachments/FCC-21-18A1.pdf ] 


A growing number of high-throughput satellite (HTS) systems, both GSO and NGOS, are bringing ever larger capacity at lower cost per bit around the world and will significantly increase the ability to deliver cost effective satellite broadband around the world. The figure below shows the expected growth in global service revenues for satellite broadband, including GSO and NGSO HTS.[footnoteRef:3] [3:  VSAT and Broadband Satellite Markets, 18th Edition. 2019. Northern Sky Research.] 



[image: ]

As shown above, HTS are able to bring large amounts of capacity to be used for data communications. Satellite broadband services and particularly high-speed Internet access are accomplished primarily through the use of VSAT type terminals. Below are brief descriptions of the applications which will benefit from this capacity and thereby drive the satellite industry. 

Internet Access
With Internet access the key objective of service providers is to deliver a range of service plans and choices for different market segments. Importantly, the ground systems need to manage capacity effectively in times of high contention so that all users within each class of service gets equal and fair access. In addition, the ground systems need tools, in the form of bandwidth allowances, which ensures that individual subscribers do not monopolize the satellite capacity. Given the attractive economics of high-throughput satellites, service providers are able to offer monthly service “quotas” that are competitive with 4G/LTE services. 


School Connectivity
Numerous countries around the world are investing into infrastructure to bring high-speed Internet to schools everywhere, even in the smallest communities and villages. Satellite is an ideal solution in areas unserved or underserved by terrestrial technologies, such as DSL or cable. At a typical school, a large number of devices will be connected and active at any one time, thus driving the consumption of large amounts of capacity. HTS can deliver exceptional economics for Internet access to serve education needs throughout the world. 

Enterprise High-Availability Networking
One of the strongest value drivers for satellite networks in enterprises is the backup of terrestrial services, and the addition of path diversity. Combining terrestrial and satellite connectivity means there are two alternate network paths, ensuring the highest availability even when disaster strikes. In addition, the satellite path can be used to instantaneously deliver bandwidth where and when it is needed, which is especially important when backing up relatively low bandwidth DSL access lines.

On-the-Move Services
Continued growing demand for Internet connectivity everywhere is fueling high growth in mobility services, whether airborne, land or maritime. Earth stations in motion (ESIM) address these complex challenges on how to provide reliable and high-bandwidth Internet services to what are literally moving targets. They provide broadband communications, including Internet connectivity, on platforms in motion. There are currently three types of ESIM: ESIM on aircraft (aeronautical ESIM), ESIM on ships (maritime ESIM) and ESIM on land vehicles (land ESIM) [1].

HTS Systems, as we have previously seen, can deliver large amounts of capacity economically, but the difference with HTS systems is that a mobile terminal will move across multiple beams thereby requiring multiple “hand-offs” from beam to beam. The satellite industry has developed a number of technologies, including Doppler compensation and fast out route acquisition, which enable “on the move” over satellite whether for use on large coverage or small spot beam coverage. 

IoT and M2M applications
More recently, HTS are used for applications dealing with IoT devices and Machine-to Machine type communications that don’t rely heavily on short latency. Satellites enable broadband connectivity to critical industries, including connectivity for remotely deployed battery activated M2M/IoT sensors, or handset devices with messaging/voice capabilities via satellite (e.g. fleet management, asset tracking, livestock management, farms, substations, gas pipelines, digital signage, remote road alerts, emergency calls, mission critical/public safety communications, maritime research, oceanographic observation, tsunami observation, meteorological observation, etc.), as well as IoT devices on containers (e.g. for tracking and tracing) connected via a relay UE on transport vehicles such as a ships, trains or trucks.

Cellular Backhaul
3G and 4G cellular technologies enable high channel rates which, in turn, require higher bandwidth backhaul channels to support the traffic. While 3G and new 4G/LTE technologies are being rolled out for higher speed mobile data services, most of these services are being implemented in urban areas and major traffic arteries where terrestrial backhaul is available or justifiable, usually fiber or microwave. Providing coverage in ex-urban and rural areas is a clear opportunity for satellite backhaul, as it can often be justified when distances to cellular base stations make it cost-prohibitive using terrestrial means. 4G services will be limited to urban centers, where fiber is readily available, for the foreseeable future. As mobile operators extend terrestrial mobile services to more remote areas, there will be an increasing opportunity for high-throughput satellite systems to support the backhaul of data services.

Observation 2: Satellite broadband access across Ka-band are provided primarily through the use of VSAT type terminals.

Observation 3: Satellite in Ka-band provide broadband access including internet connectivity, on platforms in motion via ESIM.
2.1.2 MSS in Ka-Band what are these allocations/identifications used for
With respect to MSS in Ka-band, there is no service at this time.  It is not yet feasible for a tablet or iPad sized terminal to get direct access via GEO or LEO Ka-band satellite.  The main barrier at this time is the array antenna cost for such application is still very high. When and if the cost comes down, they may be feasible probably for LEO first and eventually for GEO, as the link budget will be less challenging for LEO.  Unlike the MSS in S-band and L-band, the spacing on the GEO arc is two degrees, and it would be rather challenging to regulate all the MSS services without interfering with the next satellite.
2.1.3 MS in Ka-band and what are these allocations/identifications used for
Despite the amount of spectrum allocated to the Mobile Service in the Ka band, the actual use of spectrum for terrestrial mobile applications in this range is uncommon, due particularly to the low propagation capabilities of spectrum in this range through the Earth’s atmosphere. 

Specifically, with regards to IMT the only band with an IMT identification in this range is 24.25-27.5 GHz (the 26 GHz band), which only overlaps with FSS allocations in the segment 27-27.5 GHz in Regions 2 and 3. The IMT identification in the 26 GHz band is considered the core band for IMT deployment in the millimeter range. 
2.2 Why we need the entire Ka-band included in NTN- NR
The 5G network is envisioned as an access network-agnostic architecture that includes new cellular wireless technologies, fixed wireless networks, Wi-Fi and satellite networks. Each technology is critical to serve many different use cases. Harnessing the capabilities of satellite technology maximizes the reach and capabilities of this network of networks. Doing so also maximizes the ability of the 5G ecosystem to solve bigger problems, like extending high-speed access to the next billion people, improving network resiliency, and enabling ubiquitous connectivity in the air, across the seas, and around the globe.

By providing consumers broadband access of up to 100 Mbps and contributing to the 5G standards process through 3GPP, communication satellites are key to a world that promises inclusive, economic growth based on next-generation connectivity and 5G. Business plans for important verticals may not be feasible without the wide area coverage, reliability and resilience offered by satellite. Their role is already recognized by the European Commission and governments including the United States as well as the European Conference of Postal and Telecommunications Administrations (CEPT), 3GPP and most recently, ITU itself.

Satellite communications already provide affordable connectivity to countless otherwise underserved or unconnected customers around the world. Their continued deployment will help prevent the digital divide from becoming a chasm: a real risk as terrestrial-only 5G networks are planned mainly for parts of densely populated areas. 

The general demand for broadband connectivity has created a rapidly growing need to take advantage of every last spectrum resource. Broadband satellite has not been the exception. Although HTS technologies are continuously evolving with the consequent grow in spectrum efficiency, it’s impossible to cope with the demand for connectivity. The conventional Ka band is overcrowded, and other segments are being explored in order to make the most of a band that is being rapidly depleted. HTS are now even seeking to use much higher spectrum in the ranges of the so-called Q and V bands (30/50 GHz).

Observation 4: Satellite broadband services via VSAT and ESIM operate across the entire Ka band.
Proposal 1: RAN4 to consider defining the entire “Ka Band” as an NTN-NR band in FR2 range for GEO and NGSO based satellite access as proposed in RP-200638 [2].

Conclusions 
Adaptation to the 5G standards will further support satellite services to meet demand for broadband connectivity to consumers either on the ground or through on-the-move services. Ka band has been used for many years to provide broadband services via VSAT type UEs. As described in NTN-study, VSAT refers to “fixed or mounted” devices with external antenna fixed or on-board moving platforms.
 
Observation 1: ITU-RR designates primary allocations to the FSS and MSS in the commercial Ka band (17.3-20.2 GHZ and 27.0-30.0 GHz).
Observation 2: Satellite broadband access provided across Ka-band are accomplished primarily through the use of VSAT type terminals.
Observation 3: Satellite in Ka-band provide broadband access, including Internet connectivity, on platforms in motion via ESIM.
Observation 4: Satellite broadband services via VSAT and ESIM operate across the entire Ka band.
Proposal 1: RAN4 to consider defining the entire “Ka Band” as an NTN-NR band in FR2 range for GEO and NGSO based satellite access as proposed in RP-200638 [2].
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Band  (GHz)  Region 1  Region 2  Region 3  

17.3 - 17.7  FSS   (space - to - Earth)   FSS   (Earth - to - space)  FSS   (Earth - to - space)   NGSO not allowed  FSS   (Earth - to - space)  

17.7 - 1 7.8  FSS   (space - to - Earth)   FSS   (Earth - to - space)  FSS   (space - to - Earth)   FSS   (Earth - to - space)   NGSO not allowed  FSS   (space - to - Earth)   FSS   (Earth - to - space)  

17. 8 - 1 8.4  FSS   (space - to - Earth)   FSS   (Earth - to - space)  FSS   (space - to - Earth)   FSS   (Earth - to - space)  FSS   (space - to - Earth)   FSS   (Earth - to - space)  

