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APT REPORT ON INTEGRATION OF SATELLITE TECHNOLOGY INTO THE NEXT GENERATION ACCESS TECHNOLOGIES ECOSYSTEM 


1. Introduction

Scenarios and Requirements for Next Generation Access Technologies are described in 3GPP TR 38.913 (Release 15) [1], which is based on the ITU-R discussion on IMT-2020 requirements. The introduction of IMT-2020 is expected to usher in a new era of mobile communications in three main areas: enhanced Mobile Broadband (eMBB), massive Machine Type Communications (mMTC) and Ultra-reliable and low-latency communications (URLLC). Significant advances in data rate and density, latency, virtualization, energy efficiency, security, resilience and other key performance indicators (KPIs) will enable new use cases and business models. 

The new use cases and business models will require substantial investments in new network infrastructure. In order to be viable, these investments must be able to leverage a broad and global user base, while also being highly scalable and resilient. Such scalability and resilience require the Next Generation Access Technologies to be conceived from the ground up as a “network of networks” or “system of systems”, leveraging the best of cellular, fibre, Wi-Fi, microwave and last but not least, satellite capabilities.

Satellite network has a unique link characteristic compared with terrestrial networks and support various use cases. Therefore, as part of the “network of networks”, satellite network is expected to play an important role in the integration into the Next Generation Access Technologies.

1. Scope

This report provides an assessment of some key elements, implementation ideas and/or challenges to be considered for the Asia Pacific region, in order to integrate satellite solutions for GSO and NGSO systems into the next generation access technologies environment. This Report provides examples of some typical cases where satellite-based solutions will make a difference, and subsequently identifies the key areas where architecture and standardization considerations are critical. This report to serve as a platform for administration to understand works being planned on integration of satellite technology into the Next Generation Access Technologies ecosystem within the Asia Pacific Region.

This report should not duplicate works by ITU-R WP-4B and other ITU-R working parties. For reference purposes, only links to these documents to be included in this report in Section 8 of this report. 
1. Vocabulary of terms

GPS	: Global Positioning System
GSO	: Geostationary Satellite Orbit
HTS	: High Throughput Satellite
IMT	: International Mobile Telecommunications
IoT	: Internet of Things
ITU	: International Telecommunication Union
ITU-R	: ITU Radiocommunication Sector
RFIC	: Radio Frequency Integrated Circuit
TCP	: Transmission Control Protocol
UDP	: User Datagram Protocol
WINDS	: Wideband InterNetworking engineering test and Demonstration Satellite


1. Next Generation Access Technologies

Scenarios and Requirements for Next Generation Access Technologies are described in 3GPP TR 38.913 (Release 15) [1], which is based on the ITU-R discussion on IMT-2020 requirements. The Study Item description on “Scenarios and Requirements for Next Generation Access Technologies” assumes that a fully mobile and connected society is expected in the near future, which will be characterized by a tremendous amount of growth in connectivity, traffic volume and a much broader range of usage scenarios. Some typical trends include explosive growth of data traffic, great increase of connected devices and continuous emergence of new services. Besides the market requirements, the mobile communication society itself also requires a sustainable development of the eco-system, which produces the needs to further improve system efficiencies, such as spectrum efficiency, energy efficiency, operational efficiency and cost efficiency. The following three usage scenarios defined by ITU-R IMT for 2020 and beyond is envisaged to expand and support diverse families of usage scenarios and applications that will continue beyond the current IMT.
	-        eMBB (enhanced Mobile Broadband)
	-       mMTC (massive Machine Type Communications)
	-       URLLC (Ultra-Reliable and Low Latency Communications)


1. Innovation in the Satellite Sector

4. Satellite Technology
GSO satellites provide cost-effective, efficient and instantaneous coverage for entire continents and countries from a fixed point with respect to the earth. High Throughput satellites (HTS) through highly focused beams combined with frequency reuse are capable of providing a throughput from hundreds of Gbit/s up to more than 1Tbit/s from each orbital location. 

The geostationary position at around 36 000 km from the earth’s surface results in a propagation delay of approximately 250 ms (500 ms for the round trip delay), which needs to be taken into consideration for the end-to-end latency sensitive traffic assessment, while recognizing not all traffic is latency-sensitive. The effective latency can be further reduced through the use of hybrid networks where less latency sensitive traffic is routed through high bandwidth satellite connections, saving capacity on thinner route terrestrial connections for latency sensitive traffic.

Non-GSO satellites operate at much lower orbits than geostationary satellites; this has a beneficial impact on latency for those applications which are latency sensitive. As an example, Medium Earth Orbit (MEO) satellite systems operate at a quarter of the distance to the Earth as compared to geostationary satellites, and the propagation delay is therefore below 75 ms (150 ms for the round trip delay). As non-geo satellites are orbiting around the earth, continuous coverage requires the deployment of a satellite constellation. Non-geostationary constellations provide hundreds of Gbit/s and even Tbit/s of throughput across the globe, with aggregate supply scalable with the number of satellites per constellation plane.　

Both geostationary and non-geostationary satellite networks have their specific benefits for integration of satellite-based solutions into Next Generation Access Technologies.

4. High Throughput Satellite (HTS) 

High Throughput Satellite (HTS) systems are delivering substantial improvements in throughput, capacity and cost, as well as providing flexible, global and high-performance services [2]. HTS realizes high-throughput and low bit-per-cost ratio by adopting wide bandwidth by using Ka-band or even higher frequency band, employing hundreds of multiple spot beams with frequency re-use, and maintaining wideband feeder link by employing multiple gateway stations. Communications resource of typical HTS is fixed. However, since the lifetime of the satellite has been extending (fifteen years in geostationary satellite), the changes of traffic demands tends to be more happening during the lifetime in terms of traffic demand, service area, and application. Flexible allocation of communications resource of the HTS payload such as the bandwidth of each beam, beam coverage, and power etc. will be the way to realize more efficient utilization of payload resource. It is especially effective in Asia-Pacific region to enhance flexibility of HTS payload, since geographically, Asia-Pacific region is surrounded by the sea and there exists a potential risk of natural disasters, which causes spatial and temporal change of traffic demand. Key technologies for enhancement of the flexibility of HTS payload are as follows; digital channelizer (bandwidth), digital beam former (coverage area), beam hopping, multi-port amplifier, and resource management and control technology to efficiently allocate these resources.

One of the activity in Japan to enhance flexibility of HTS is the research and development project for bandwidth flexibility function with digital channelizer [3]. The concept of the R&D is illustrated in Figure 1. When the resource allocation for each beam is fixed in typical HTS, spectrum utilization efficiency is not high, since traffic demand varies in time and space. Technological target of the project is to establish wideband digital channelizer technology to realize resource allocation flexibility. Additional target of the project is to establish the technology for miniaturization and integration of feeder unit of multi-beam antenna to densely allocate multiple beams to improve spectral efficiency. Developed channelizer and multi-beam feeder technologies are planned to be tested in orbit by the next engineering test satellite of Japan (launch planned in 2021).

Another activity in Japan to enhance flexibility of HTS is the research and development project for the area flexibility function with digital beam former [4]. The concept of the R&D is illustrated in Figure 2. Generally, including HTS, service area is planned before the satellite payload manufacturing and is fixed through the satellite life time. This means that the waste of resource will occur when the original planning of service area does not suit the updated user needs during the satellite life time. The target of this R&D is to establish the technology of wideband digital beam former, for the achievement of area flexibility function. Same as channelizer etc., developed digital beam former is planned to be tested in orbit by the next engineering test satellite of Japan.
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(a) Typical HTS                                                   (b) Bandwidth-on-demand HTS

Figure 1 Concept of the bandwidth flexibility function.
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(a) Typical user beam coverage area                  (b) Flexible user beam coverage area

Figure 2 Concept of the area flexibility function
In addition, there is a possibility that communication traffic demands change depending on time, area, service, etc. The traffic demand changes significantly in particular when a large-scale disaster occurs. Regarding the assignment of the frequency bandwidth for each beam, uniform fixed assignment is employed in most HTSs. However, it is reported that dynamic assignment provides a higher performance than the conventional uniform fixed assignment in terms of an effective use of the frequency resource by using the digital channelizer [5].

To enable the satellite resources more flexible by using the dynamic assignment method stated above, developing network operation algorithms are of crucial importance for optimizing the frequency bandwidth assignment and service areas configured by the satellite multiple beams. These algorithms are developed based on the database of the variation of the traffic demand for each service. For instance, in a case of the large-scale disaster, the database which contains the extent of variation of the traffic demand is useful to develop the network operation algorithms.

In addition, utilizing free-space optical communication for the feeder link will contribute to higher throughput. By properly determining the allocation of RF and optical links based on site diversity analysis, it is possible to perform more robust and larger capacity communication even 
though there are variations of link status such as due to weather conditions. 

Figure 3 represents a system concept of the network for HTS with major components of the satellite communications network. For user links, the bandwidth flexibility and area flexibility are utilized. Both the RF and optical links are assumed to be able to use in the feeder links. There exist Network Operations Center (NOC) and Satellite Operations Center (SOC) to manage the resources and the states of HTS. The NOC and SOC play the role of a controller of the whole network, in which the network operation algorithms stated above are implemented to achieve utmost the flexibility of HTS.

[image: ]
Figure 3 System concept of satellite communications network with the flexibilities.

4. Satellite use cases

The examples reported below are satellite-based applications which include key elements for integration of satellite solution into the Next Generation Access Technologies.

(1)	Disaster countermeasure
Resilient and dependable network for disaster countermeasures have been pursued for a long time in Japan. Various types of satellite link and applications for disaster countermeasure have been developed and verified using the Engineering Test Satellite, named WINDS in Japan. WINDS launched February 2008, is a Japanese communication satellite aiming super high speed data communication.

The major specifications of WINDS are listed in Table 1. And Japanese main land is covered by multi beams. For this application, satellite earth stations are required to be set up in short period of time and easy to operate. In order to meet the requirements, three types of earth stations were researched and developed: a small mobile vehicle earth station, a large scale in-vehicle earth station and fully automatic transportable earth station. Table 2 presents major specifications of each earth station.

Figure 4 shows a temporal network for medical activity assuming a large scale disaster occurs, connecting hospitals in disaster area and disaster countermeasure office. The satellite solution is scalable to multiple hospitals by leveraging inherent multicast capability. It proves that temporal satellite communication network can be ready to use in a short period of time [6].

Table 1 Major specification of WINDS.
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Table 2 Major specification of earth station for WINDS.
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Figure 4 Temporal satellite network for medical activity.


(2)	Early Tsunami warning system
In Japan, early Tsunami warning system using GPS buoy has been researched and developed for about 20 years. In the meantime, new system using satellite was proposed and compact earth station installable to the buoy was developed. 

In the experiment conducted in 2012, the sea surface displacement data measured by GPS positioning meter installed on the ocean buoy were transmitted successfully via Engineering Test Satellite VIII named “KIKU No.8”.

Figure 5 shows the configuration of the experiment. And the experimental parameters are listed in Table 3. The outcomes from the experiment are as follows.
・Radio wave propagation characteristics on the sea surface
・Trade-off among various measurement methods for sea surface displacement 
・Small terminal with lower power consumption which is installable to the buoy
・Effective data processing

In addition, it proved that the accuracy can be improved with the help of positioning data from the quasi-zenith satellite named “MICHIBIKI”.

The lesson learned from the Great East Japan Earthquake of March 11, 2011 is that GPS buoys should be placed more than 100km offshore to evoke evacuation effectively, which means that the earth stations on the buoys need to be deployed beyond the coverage of terrestrial systems [7].

[image: ]
Figure 5 Configuration of early Tsunami warning system.

Table 3 Earth station on the buoy.
[image: ]


(3)	Maritime broadband service
In ocean resource exploration, satellite link is considered as a most reliable means to transmit 
observation data, remote control data, etc. Figure 6 shows the image of activities of ocean 
resource exploration where Autonomous surface vehicle (ASV) serves as a relay between 
Autonomous Underwater Vehicle (AUV) and base station or mother ship earth station.
Satellite link is required to support high quality image transmission for analysis of observed 
image information and control data to manipulate multiple ASVs.

In order to realize high-speed and large capacity communication capability, the satellite terminal onboard ASV has been researched and developed with the support of Government of Japan and is now under field test using WINDS. 

The earth station onboard ASV is required to be operational with lower power consumption and have robust tracking capability as well as being small size and light weight. Figure 7 and table 4 are the outlook and the major specifications of the developed earth station for ASV, respectively [8].

For this application, high capacity communication is required only during the period of survey in a specific region. Therefore, satellite solution need to manage bandwidth assignment and 
coverage area in a flexible manner.

[image: ]
Figure 6 Activity of ocean resource exploration.

[image: ]

Figure 7 Earth station for ASV.



Table 4 Major specification of ASV earth station.
[image: ]
(4)	Aeronautical Broadband Service
To demonstrate broadband connectivity between airplane and ground station via multi-beam satellite, aircraft test has been conducted using WINDS [9]. The test configuration is shown in 
Figure 8. The experiment was conducted connecting aeronautical earth station (AES) and feeder link earth station which are located in different beams.

The aircraft test includes propagation test at Ka band, antenna tracking test and data transmission test. The data transmission test includes throughput measurement and file transfer test. Throughput measurement was performed using two protocols of UDP and TCP. The test results were 38Mbps for UDP (uplink) and 31Mbps for TCP (uplink) respectively. And file transfer rate measured approximately 20Mbps.

It is expected for the aeronautical broadband service to be expanded to not only In-Flight Entertainment & Connectivity (IFEC) but flight management including monitor and surveillance and also to UAS (Unmanned Aircraft System).


[image: ]
Figure 8 Demonstration of high-speed data transmission between airplane and ground station. 

(5)	Active Electronically Scanned Array Antenna (AESA)
Recently flat panel satellite antenna solution has been attracting much attention because demand has been increasing for better mobile phone and Internet access for people on board aircraft. In particular, the characteristic of being low-profile is of crucially importance for airborne antenna as shown in Figure 9.

The research and development project in Japan is running aiming at establishing technologies for Active Electronically Scanned Array Antenna (AESA) at Ka band to improve the performance of satellite communication antenna without impairing on-board characteristics of aircraft, and to improve the frequency utilization efficiency by introducing more multi-valued modulation method, thereby contributing to the effective use of frequency.

As shown in Figure 10, to simplify existing complex beam forming network and frequency converter, the AESA employs direct conversion scheme and RFIC technology for front-end and quadrature mixer, leading to higher reliability and productivity while keeping cost effectiveness [10].

Another advantage of this technology is the scalability which enables the antenna size to suit each use case such as small aircraft, connected car, ship, etc.

AESA technology is expected to contribute to cost reduction, improvement of reliability and productivity which have being issues to be solved for conventional phased array antenna.


[image: ]
Figure 9  System image of airborne flat panel antenna.

[image: ]
Figure 10 System configuration of the AESA antenna using direct conversion system.


1. Integration of next generation access technologies and satellite based applications

According to the ITU-R report ITU-R M.[NGAT_SAT] [2], four main use cases are identified for the integration of satellite-based solutions into Next Generation Access Technology: Trunking and Head-end Feed, Backhauling and Tower Feed, Communications on the Move, and Hybrid Multiplay. Satellite-based applications introduced in this report can be categorized into one of the four main use cases. Table 5 shows how each application with supplemental description is associated with the four main use cases.



Table 5 Satellite-based application in NGAT

	Satellite-based application
	Contents of Implementation
	Use Cases in NGAT

	Satellite network for 
disaster countermeasure
	Demonstration using Ka band multi-beam satellite(WINDS)
Three types of movable terminal for quick set-up and simple operation
Satellite network for medical activities connecting a hospital in disaster area and disaster countermeasure facility.
	In times of disaster, this usage of satellite link is categorized as backhauling
Satellite solution in times of disaster proved to be satisfactory to the requirements of geographic coverage, network resilience and flexibility.
Newly developed earth stations demonstrated that direct connectivity by the satellite link can be rapidly established.

	Early Tsunami warning system
	Demonstration of transmitting early detecting data of Tsunami using satellite ETS-VIII
Development of satellite terminal installable to an ocean buoy to transmit data from GPS Tsunami meter
	This use case is categorized into IoT using satellite.
The experiment demonstrates that satellite solution enables usage of IoT related data from sensor devices deployed widespread beyond terrestrial geographic coverage

	Satellite network for 
ocean resource exploration
	Ocean resource exploration requires high-speed data for transmitting observation data and control information for manipulating multiple ASVs.
Satellite terminals with robust satellite tracking system and low power consumption
	This is categorized to the use case of communication on the move.
The features of broadcasting and multicasting inherent to satellite link contribute to the future system manipulating multiple unmanned vehicles

	Aeronautical broadband service
	High-speed transmission using Ka band multi-beam satellite (WINDS)
System verification test including propagation characteristic in Ka band, satellite tracking, network connectivity and throughput  measurements
	This is categorized into the use case of communication on the move.
This application can be regarded as an use case of backhauling with terrestrial mobile communications onboard.

	Active Electronically Scanned Array Antenna
	New technologies using direct conversion and RFIC
Lower cost, reliability, scalability
	This is categorized to the use case of communication on the move.
This technology will be applicable to various moving platforms and more useful in HTS and NGSO network




This report provides examples of a number of typical cases where satellite-based solutions will make a difference, and subsequently identifies the key areas where architecture and standardization considerations are critical. Those key areas are considered as follows:

(1)  Technologies associated with seamless connectivity 
As stated in Recommendation ITU-R M.2083 for the “IMT Vision-Framework and Overall objectives of the future development of IMT for 2020 and beyond” [11], users should be able to access services anywhere, anytime. To achieve this goal of seamless connectivity, “interworking will be necessary among various access technologies, which might include a combination of different fixed, terrestrial and satellite networks. Each component should fulfil its own role, but should also be integrated or interoperable with other components to provide ubiquitous seamless coverage”. 

(2) Integration of satellite with Next Generation Access Technologies
Satellites are adopting the technology developments of the Next Generation Access Technologies including the areas of service delivery, network-slicing, orchestration, mobile edge computing, security, interoperability and resource virtualization in order to transparently support end-to-end service delivery to the verticals. This will involve the adoption of satellite modems, network platforms and management systems which will be integrated with broader Next Generation Access Technologies networks supporting hybrid connectivity services whilst benefiting from the efficient radio architectures, resource sharing and the multicast capabilities of current systems.

(3) Study items in 3GPP to be considered
3GPP TR 38.811 V1.0.0 (Release 15) [12] is related to a study item New Radio to support Non-
[bookmark: _Hlk521487586]Terrestrial Networks. The objectives of 3GPP TR 38.811 V1.0.0 (Release 15) are the following:
· Definition of the Non-Terrestrial Networks deployment scenarios and related system parameters such as architecture, altitude, orbit etc.
· Adaptation of the 3GPP channel models for non-terrestrial networks (propagation conditions, mobility …).
· For the described deployment scenarios, identification of any key impact areas on the New Radio interface that may need further evaluations.

The satellite related technical description in 3GPP TR38.811 will be a part of the key areas which have impacts on architecture and standardization.

1. Conclusion

Due to their global and instantaneous coverage, inherent multicast capability and high bandwidth, satellite systems will provide scalable and efficient Next Generation Access Technologies network solutions globally, in developed as well as developing countries, integrated with terrestrial mobile networks. Both geostationary and non-geostationary satellite systems have a role to play in this context. 

Asia-Pacific region is geographically surrounded by the sea and there exists a potential risk of natural disasters. Because of that, maritime and aeronautical mobile communications (communications on the move) and satellite network for disaster countermeasures (backhauling and IoT sensor network) are the key use cases for Next Generation Access Technologies in Asia-Pacific region. Since these use cases cause spatial and temporal change of traffic demand, enhancement of the flexibility of satellite contributes to the objectives of Next Generation Access Technologies in Asia-Pacific region.

Standardization bodies should ensure that the specifics of satellite systems, including latency, are taken into account for Next Generation Access Technologies standards.
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