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[bookmark: _Toc413852971]Introduction
In APT countries, some rural areas face difficulties in providing broadband internet access via optical fibres because of their geographical conditions such as mountains, islands, etc. Fixed wireless systems are effective solutions for digital divides.
Digital divide is becoming a worldwide concern in 21st century. Especially in the developing countries, digital divide is thought to be a reason of poverty. ICT is considered to be an important social infrastructure next to water, electricity, and gas. The least developed region will stay least developed if digital divide continues. In recent years, with the progress of social ICT, the gap caused by the digital divide has been getting wider.
By connecting the rural area with the internet, services that are contributing to live could be available to the rural residents. For example, e-health services including the tele-medicine system, health management application, and medical consultation can be available for improving the health and protecting lives of the nation from superstition and other dangers. Also, e-education services such as web services and tele-education can be introduced to increase the education chances and improve the education quality. Moreover, by expanding the internet in the nationwide, the young generation is able to establish new industry anywhere they want, and governments are able to maintain the national sovereignty via the ICT infrastructure.
Compared to optical fibre, the fixed wireless radio system with superiorities such as low cost and easy construction is considered to be a more effective solution to the digital divide. To study variety of cases of the fixed wireless radio system is believed to help the effort on bridging the digital divide.
Vocabulary of terms
ICT	Information and Communication Technology
VHF	Very High Frequency
UHF	Ultra High Frequency
LoS     Line-of-Sight
NLoS	Non-Line-of-Sight
SNS	Social Networking Service
MoICT   the Ministry of Information and Communications Technology
MCS	Modulation and Coding Scheme
RBS	Remote Base Station
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Applications and use cases
Use cases in mountainous areas
Internet access for school in Nepali mountainous area
1.1.1.1. Outline of VHF/UHF broadband radio system
The network construction in digital divide areas is not so easy because of geography, cost, and so on. To overcome these problems, applying the technology of VHF/UHF broadband radio systems is considered to be a very effective solution.
Figure 1 shows the network connection image with VHF/UHF broadband radio systems in digital divide areas. With the feature of frequencies, VHF/UHF broadband radio systems are suitable for communicating over obstacles such as the mountainous area.  
[image: ]
[bookmark: _Ref516568214]Figure 1 Network connection image with VHF/UHF broadband radio system in digital divide area
To bridge the digital divide, there are many solutions such as the optical fibre, wireless LAN (Wi-Fi), and Satellite Link. However, most of these solutions require high cost and have many requirements on the construction environment, which make them difficult to be adopted commonly. Comparing to the above solutions, the VHF/UHF broadband radio system has many superiorities such as:
· Lower interference risk 
· Superior VHF/UHF long-range propagation/nice diffraction (non-line-of-sight communication is available)
· Efficient utilisation of vacant radio resource, etc.

[image: ]
[bookmark: _Ref516568976]Figure 2 Typical Usage of VHF/UHF broadband radio system in digital divide area
Figure 2 shows a typical usage of VHF/UHF broadband radio system in digital divide areas. Generally, with the nationwide IP networks, the residents in the urban area can access to the internet easily, while for the residents in the rural area, due to factors such as economy and geography, internet accessing is still impossible. The VHF/UHF broadband technology is considered to be useful to expand the internet service to the remote rural area. Utilizing VHF/UHF broadband radio systems, the services such as internet surfing, e-mail, social network service (SNS), public service, and disaster information would be available to the rural area residents.
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4.1.1.2 [bookmark: _Hlk519599632]Introduction
To support the recovery from the massive earthquake hit Nepal in April 2015, a VHF broadband radio system was applied for network connection in remote rural area in Nepal. 
4.1.1.3 Background
Local network operators in Nepal have been devoting to connect schools in the remote rural areas of Nepal with broadband networks for many years. The local operators have been using 2.4 GHz for last-mile connectivity and 5.8 GHz for point-to-point backhaul links. However, due to the poor reliability of 2.4GHz and 5.8GHz radio links, they were facing serious problems in connecting the remote villages. Especially, with either 2.4GHz or 5.8GHz radio links, many repeater stations were required on the top of high mountains, which greatly increased the cost of network infrastructure construction. 
In recent years, VHF/UHF band radio equipment has attracted much attention as an effective way to connect rural area. With the superior propagation feature of lower frequency bands, the radios are able to travel a much longer distance and penetrate permanent obstacles such as buildings and vegetations. Moreover, the radios are expected to be available for near or non-line of sight connections by traveling around terrain. 
 In 2016, a local operator constructed a broadband network in one of the rural schools with the VHF broadband radio system. The frequency allocation is as shown in Figure 3, where 192.5 MHz to 202.5 MHz (10 MHz) in VHF band and 560 MHz to 578 MHz (18 MHz) in UHF band are available for rural broadband network. 

UHF：560 MHz to 578 MHz (18 MHz)
VHF：192.5 MHz to 202.5 MHz (10 MHz)
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[bookmark: _Ref522715873]Figure 3 Spectrum for rural broadband in Nepal
Therefore, the local operator proposed to build a robust broadband wireless network using a combination of unlicensed Wi-Fi bands (2.4 GHz and 5.8 GHz) and VHF/UHF bands. Recently, the operator has performed a field trial with a VHF band. 
1.1.1.2. 
1.1.1.3. 
1.1.1.4. Radio Device
The appearance and specifications of the radio device for VHF broadband radio system are shown in Figure 4 and Table 1, respectively. There are three schemes for the data-ratio of uplink to downlink, which are 12 to 35, 21 to 26, and 38 to 9 (TDD ratio in Table 1). For Nepali case, the uplink to downlink data ratio was set as 12 to 35 by considering the priority of internet access. 
[image: ]
[bookmark: _Ref516569103]Figure 4 VHF broadband equipment
[bookmark: _Ref516569129]Table 1 System Specifications[footnoteRef:1] [1:  "200 MHz-Band Broadband Wireless Communication Systems between Portable BS and MSs", ARIB(Association of Radio Industries and Businesses[Japanese Standards Development Organization) STANDARD(STD-T103) Version 1.2, March 17th 2015 (available in https://www.arib.or.jp/english/html/overview/doc/1-STD-T103v1_2.pdf)] 

	Item No.
	Item
	Specifications 
	Comments 

	1-1
	Range of available frequencies
	VHF  174 to 202.5 MHz 
VHF TV BAND Ⅲ 4 to 7 ch
	

	1-2
	Channel bandwidth
	5 MHz
	

	1-3
	Occupied bandwidth
	4.9 MHz
	

	1-4
	FFT size
	1024
	

	1-5
	Subcarrier spacing
	5.47 kHz
	

	1-6
	Multiple access/Duplex
	OFDMA/TDD
	

	1-7
	Frame duration
	10 msec
	

	1-8
	Modulation method
	QPSK, 16 QAM, 64 QAM
	

	1-9
	Coding scheme
	Convolutional Turbo Code
	

	1-10
	Coding rate
	1/2, 2/3, 3/4
	

	1-11
	TDD ratio
	12 to 35
21 to 26
38 to 9
	

	1-12
	Maximum throughput
	Uplink: 8.0 Mbps 

	Obtained by setting higher priority to uplink.

	
	
	Downlink: 10 Mbps
	Obtained by setting higher priority to downlink.

	1-13
	Transmission power
	1 W/5 W
	


1.1.1.5. Sites
Sites to be connected were selected from the candidate list provided by the local organisation. With a comprehensive analysis based on the link budget calculation and surrounding terrain, Nagarkot and Jholunge were determined to be the sites for the base station and rural station, respectively.  Figure 5 shows the terrain and altitude of the sites. 
[image: ]
[bookmark: _Ref516569188]Figure 5 Sites (Terrain and Altitude)
As shown in Figure 5, terrain configuration between Nagarkot and Jholunge was so severe that   line-of-sight communication was impossible. However, it was considered to be effective by utilizing the properties such as reflection and sneak of mountainous terrain.
Figures 6, 7, and 8 show the scenes of the base station site and rural station site. As shown in Figure 8, instead of a point against terrain construction, the antenna direction of the rural station was set at the point where higher received power was available.
[image: ]
[bookmark: _Ref516569303]Figure 6 Base Station(Nagarkot)
[image: ]
[bookmark: _Ref516569313]Figure 7 Rural Station (Jholunge)
[image: ]
[bookmark: _Ref516569321]Figure 8 Antenna direction setting at Jholunge
1.1.1.6. Results
Table 2 and Figure 9 show the statistics of radio connection obtaining from a maintenance PC. By setting the modulation and coding scheme (MCS) as QPSK 1/2, the throughput of uplink and downlink was obtained at 2 Mbps and 400 kbps, respectively, which enabled the network access.  Figure 9 shows the constellation of the demodulated QPSK signal.
In this Nepali case, the network construction including the antenna installation for each site was accomplished in 3 hours by 3 people.
[bookmark: _Ref516569478]Table 2 Statistics of radio connection
	Item
	Downlink
	Uplink

	Burst RSSI [dBm]
	-71

	Throughout [kbps]
	2217.14
	18.76

	CINR [dB]
	9
	6

	MCS and Coding rate
	QPSK 1/2
	QPSK 1/2



[image: ]
[bookmark: _Ref516569499]Figure 9 Statistics of radio connection
1.1.1.7. Summary
The Nepali case verified that the network construction could be realized without costing too much time even in the non-line-of-sight environment such as the mountainous area with the VHF broadband radio system.
Different from Wi-Fi technology, by utilizing the VHF-band superior propagation property, the prospect between antennas is no longer required. Accordingly, any relay station in a steep mountain for assuring the prospect is not necessary, which enables the maintenance and operation to be much more comfortable.
Moreover, to realize the goal including achieving a broadband internet user penetration rate of 30% by 2018, expanding the broadband connection to 70% in villages and providing at least 1-Mbps broadband connection to 20% of public secondary schools shown in the National Broadband Policy disclosed by MoICT of Nepal in 2014, VHF broadband radio system is considered undoubtedly to be an effective solution to overcome the limitations of mountainous terrain in Nepal. 
In the near future, by bridging the digital divide, improvement of life quality and new employment opportunities in those countries could be expected.
Remote connectivity using Ad-Hoc radio network
1.1.1.8. Introduction
This section introduces an Ad-Hoc radio network that has been gradually developed since 2008 and operated by Shiojiri City (Nagano Prefecture, Japan). 
Shiojiri City sits in the centre of Japan surrounded by the mountain ranges of Northern and Central Japanese Alps, which form the dividing ridge between the Sea of Japan and Pacific sides of Japan. The city has been working on an initiative to build an ICT-based smart city. As part of this initiative, the city undertook a model project commissioned by the Ministry of Internal Affairs and Communications in 2008 to set up radio relay stations in the 400 MHz band and develop an Ad-Hoc radio network in the city. Shiojiri City has continued to install additional relay stations on its own even after the model project was completed. A total of 640 units have been installed as of 2010. When various sensor terminals are set up in the city, they will autonomously establish a link with nearby relay stations and store information in the cloud via the Ad-Hoc radio network generated among relay stations. 
The network is currently used for server access from fixed terminals for various applications including mudflow sensors set in mountainous areas, water level sensors for monitoring rivers, bird and animal damage sensors, etc. as well as for other purposes including a watching system to protect children and the elderly and a system for locating public buses operating in the city
1.1.1.9. System and device specifications
(1) Outline
The wireless relay network for sensor networks aims to receive the data packets sent from many sensor terminals (such as transmitters possessed by children, water level sensor terminals of rivers, terminals of landslide disaster information sensors, etc.) installed in many places in the area and to deliver them to the server. Since there is a limit to the communication distance reached by a repeater, each repeater establishes a route to the server via several other repeaters to achieve this aim, which constitutes a multi-hop wireless system.
[image: ]
Figure 10 The relay network for sensor networks
Development of this relay network is triggered by the Niigata Prefecture Chuetsu Earthquake (hereinafter referred to as the Chuetsu Earthquake) that struck in 2004. After this earthquake, disturbances occurred, too, in various communication networks (telephone networks, mobile phone networks, the Internet, etc.), and the information related to the disaster could not be transmitted sufficiently. The reason for this is due to disconnection of wired networks such as power cables and communication cables, power outages, and damages to some repeaters in communication networks composed of many repeaters.
Triggered by this event, a relay network with the following features shown in Table 3 was started to be developed.
[bookmark: _Ref516569899]Table 3 Features of Ad-Hoc radio network
	“Feature 1”
	To be self-sustained without any cables such as power and communication

	“Feature 2”
	Even if some of the installed repeaters are damaged, the relay network is autonomously maintained by the remaining repeaters.

	“Feature 3”
	Repeaters can be easily installed, the relay network can be built in a short time, and they can be maintained easily.

	“Feature 4”
	Possible to stably receive data from terminals installed in various places such as urban areas with many buildings etc. and mountainous areas covered with plants and trees


 (2) Repeater
The developed repeater is shown in Figure 11. The outline of this repeater is described by focusing on the response to the above four features.
[image: ]
[bookmark: _Ref516570101]Figure 11 Repeater
(Installation example attached to a traffic mirror)
Responding to “Feature 1”, the repeater consists of a solar panel and a power-saving type wireless system driven by secondary batteries. We adopted the Specified Low-Power Radio (frequency 429 MHz, output 10 mW) as its power-saving wireless system (the communication specification is shown in Table 4). 
There are two reasons for this. One is the consideration of easy installation without obtaining the ratio station license regulated by the Radio Act in Japan, in order to respond to the “Feature 3”.
The other reason is to respond to “Feature 4”. If the 900 MHz band and/or the 2.4 GHz band is used, which are frequently used in sensor networks in the urban area, communication cannot be established in the area behind a building, and in the river sides and the mountains where the plants and trees grow, due to the large attenuation of radio waves caused by moisture contained in the plants and trees makes. Compared to this, the 400 MHz band radio waves go around a building to some extent with high diffraction quality, and their attenuation due to moisture of plants is also small.
[bookmark: _Ref516570199]Table 4 Communication specification of the repeater
	Communication system
	Specified Low-Power Radio
Frequency 429 MHz
Output 10 mW

	Modulation system
	Binary FSK

	Coding system
	Manchester code

	Line speed
	2,400 bps

	Effective communication speed
	1,200 bps

	Communicable distance
	About 500 m line-of-sight

	Routing protocol
	Proactive routing protocol
which selects a route with minimum hops to the server


The dimension of the repeaters is W 185 mm x H 370.5 mm (not including the antenna height) x D 130 mm, and the weight is as small as 2.5 kg, and it can be easily attached to a pole, etc., with a metal belt, etc. (Feature 3).
As a routing protocol to determine the route for each repeater to the server, we adopted a proactive routing protocol driven by the distance vector table. Each repeater selects among the surrounding repeaters only the repeaters whose electric field intensity is equal to or larger than a certain value as candidates and selects the repeater with the smallest number of hops to the server as the subsequent repeater (distance vector) and register it as the route in its table. The selection of the route is not regularly performed, but it is performed immediately after starting the system and at the time when a change occurs in the communication situation (proactive routing). A communication configuration in which the interconnected devices perform a relay function and maintain a communication network from terminals to the server as a whole is called an Ad-Hoc network, and our repeater adopts this Ad-Hoc network to establish autonomously a route to the server. 
Although using physically fixed repeaters, we adopted the Ad-Hoc network, which perform dynamic routing. The reasons are as follows.
-It does not need a manual route setting at the installation. This is an important feature for realizing “Feature 3”.
-It allows installation at a relatively low height (about 2 m to 3 m). Normally, fixed repeaters are installed at a height of 5 m or higher, to ensure stable communication not affected easily by the disturbance from large vehicles, etc. However, this requires a high pillar or a tower for every repeater installation (if there is not a need to build a tower), and furthermore, attaching a repeater to such a high place requires a vehicle with an aerial platform, etc., so installation of a repeater cannot be done easily. When it comes to installation at low places, it is possible to install one with a stepladder at various existing poles such as street lights or traffic mirrors. However, in exchange, when only a truck stops beside the installed site, a disconnection etc. might occur for the communication route that has been maintained so far. In order to respond to these problems, an Ad-Hoc network needs to dynamically maintain its routing.
-The network is maintained autonomously even when some repeaters fail. This responds to laborsaving maintenance of “Feature 3” in normal times and responds to maintaining autonomously the network function of “Feature 2” when a disaster strikes.
And, in order to respond to the simple maintenance of "Feature 3", we made each repeater send its own maintenance information (voltage of the secondary battery, routing information, and received field strength from the adjacent repeaters) to the server every 6 hours.
 (3) Building method
[bookmark: _Hlk506804070]Initially, we built the relay network with 413 repeaters in a project proposed for the "Area Child Watch System Model Project" utilizing ICT. Later, it increased the number of repeaters by Shiojiri City, and in 2007 it became composed of 509 repeaters and in 2008 current 614 repeaters capable of covering almost all the urban areas.
[bookmark: _Hlk506819411][bookmark: _Hlk506804422]For installation, we used traffic mirrors and street lights managed mainly by Shiojiri City at intervals of 200 m to 300 m on the roads and installed at a height of 2 m to 3 m, which can be installed by using a stepladder etc. as described above. In this case, power supply and communication cables are not necessary hence the work of setting up is also not necessary. Therefore, it took a short time to complete installation just by fixing the solar panel facing the south with a metal belt.
1.1.1.10. Application
[bookmark: _Hlk506809626]It was decided through the discussion with the Shiojiri City official what kind of applications are suitable for the development of the city to realize a safe and secure society. Applications currently running include an area watch system, a fire alarm reporting system, a bus location system, a river water level monitoring system, a landslide disaster warning system, a wild animals and birds sensing system, etc. As shown below, we describe the outline of a typical one among them.
- Landslide disaster warning system
In recent years, landslide disasters caused by torrential rains have been happening at various places in Japan. Therefore, a sensor network system to estimate the risk of landslide disasters that lead to issuing an evacuation warning to the residents has been developed.
[bookmark: _Hlk506820429]The risk of landslide disasters is estimated by how much moisture is contained in the soil of the slope. For this reason, the landslide disaster warning system needs to obtain this soil moisture content. In the conventional measurement method, it was estimated from the measured rainfall amount (Figure 12(A)). The fallen rain follows the three routes, i.e., flowing on the surface of the slope, entering into the ground, and evapotranspiration. It does not directly measure how much of the fallen rain actually enters into the slope, and consequently the amount of moisture content in the slope is not known. It only estimates the average risk of the entire area. Furthermore, cancelling the warning after the rain stops should only be decided based on estimating how much soil moisture content has decreased.
[bookmark: _Hlk506812544]The developed system, with the moisture sensors buried in the soil of the slope, periodically measures directly the moisture content in the soil, accumulates the measured data in the server by using the relay network, and estimates the risk of a landslide disaster in the server (Figure 12(B)). As a mechanism for issuing an alarm in addition to a judgment based on the conventional rainfall amount, it provides an indicator to judge the risk.
[image: ]
(A) Conventional measurement method
[image: ]
(B) Developed new measurement method
[bookmark: _Ref516570349]Figure 12 Landslide disaster warning system
The developed soil moisture content sensor terminal has the five newly developed sensors installed every 20 cm in a rod-shaped board, and it is buried in the slope (Figure 13). The terminal periodically measures and sends the data at each depth, the relay network sends these data to the server, and the server calculates the soil moisture content from these data (Figure 14). The vertical axis shows the proportion of water occupying the voids in the soil, and the value at each depth is measured and displayed on the screen. When this value exceeds the threshold, the person in charge is notified
[image: ] 
[bookmark: _Ref506907891]Close up of each sensor (right photo) installed every 20 cm
[bookmark: _Ref516570471]Figure 13 Soil moisture content sensor terminal
[image: ] 
[bookmark: _Ref516570494]Figure 14 Monitoring screen of soil moisture content information warning system
1.1.1.11. Summary
[bookmark: _Hlk506814972]This section describes the development of the Ad-Hoc network infrastructure for sensor networks, i.e, the operation and maintenance of the relay network covering the entire urban area, which was built by utilizing the developed Ad-Hoc network, the several applications which were developed by using the relay network as the test bed and operated on it, and further the ICT human resource development project using this test bed. All of these have been carried out together with Shiojiri City since 2003.
As a relay network for the sensor network, recently, LPWA (Low Power Wide Area, a generic term for the communication technology realizing long-distance communication with low power consumption) attracts attention, and various proposals have also been made. Also, in Shiojiri City, they are going to expand the test bed further by utilizing these latest technologies in the future while effectively utilizing the present relay networks. Based on this, by utilizing ICT it will be further advanced the creation of a safe and secure society, and will be extended to human resource development and to agriculture, etc.
Passive repeater
1.1.1.12. Introduction
Sometimes it is impossible to connect two points in one microwave hop, although from a propagation or quality perspective it is feasible. There could be an obstacle (a tree, hill) between two points obstructing LoS. If there is no other solution and it is imperative to connect these two points, a microwave repeater must be used.
An active MW repeater site contains two complete microwave radio terminals, together with the antennas, waveguides, or coax cables, and the like, connected back to back. It is a much more costly solution than the passive repeater. It requires enclosure for the equipment, a power plant, an antenna mounting structure of some kind, and so on. In other words, it requires the complete microwave site.
Where a direct microwave path cannot be established (NLoS) between two points, it is sometimes possible to establish a path by using a passive MW repeater. The function of such a repeater is to redirect the microwave beam in order to pass the beam around or over the obstacle (hills, etc.). The main requirement is that there is a LoS between the passive repeater and both sides of the microwave link. There are two types of passive repeaters in use: One requires two parabolic antennas connected back to back through a short piece of transmission line; the other, more commonly used, is a flat billboard-type metal reflector, which acts as a microwave mirror. The first type is rarely used due to its inefficiency. 
Compared to a microwave radio relay station with active components, a passive repeater is far simpler and needs little maintenance and no on-site electric power. It also does not require additional frequencies, unlike active repeater stations which use different transmit and receive frequencies to prevent feedback. The corresponding disadvantage is that without amplification the returned signal is significantly weaker.
Passive radio relay link deflection systems in the vertical level can be realized by receiving the signal with a parabolic antenna and leading it through a waveguide to a second parabolic antenna, where it is radiated. For passive microwave radio relay link deflections in the horizontal plane, flat surfaces of metallic material are used, arranged so that the angle of incoming beam corresponds to the angle of the outcoming signal. The resulting structure resembles a billboard.
[image: ]
Figure 15 Back to back antenna configuration of passive repeater
[image: ]
Figure 16 Billboard configuration of passive repeater
The following example is a project which is deployed in a mountain city of Vietnam. This project is humanitarian aid by Japan government. The information of rain volumes, river water levels, reservoir water levels, flood status, etc. will be collected by an information system. Then it is transmitted to the offices by transmission systems. The project is undergoing and now the investor of the project gets consultation and sends us their applications for system's licenses. At this time, we calculate the possibility of transmission system in theory before approval.
1.1.1.13. Site
[image: Image result for back to back antenna]
[image: Related image][image: Image result for back to back antenna]
Figure 17 Pictures of the sites
[image: ]
Figure 18 Locations of the sites

[image: ]
Figure 19 Site T3 (Passive repeater)
[image: ]
Figure 20 Site T5 (Passive repeater)
Table 5 Latitudes and longitudes of the sites
	T1
	T1 Ta Trach Dam
	Dương Hòa
	Hương Thủy
	16°19'15.0"N
	107°38'17.6"E

	T2
	T2 Binh Dien Dam
	Bình Điền
	Hương Trà
	16°18'58.9"N
	107°30'05.3"E

	T3
	T3 Binh Dien Dam
	Bình Thành
	Hương Trà
	16°19‘40.0"N
	107°30‘40.9"E

	T4
	T4 Huong Dien Dam
	Hương Vân
	Hương Trà
	16°27'29.2"N
	107°25'34.2"E

	T5
	T5 Huong Dien Dam
	Hương Vân
	Hương Trà
	16°27'31.6"N
	107°26'35.2"E

	T6
	T6 Chua Phat Dung
	Thủy Bằng
	Hương Thủy
	16°23'27.8"N
	107°35'12.3"E

	T7
	T7 PCC-NDPCSR
	Vĩnh Ninh 
	Thành phố Huế
	16°27'47.8"N
	107°35'21.3"E


	Category
	Type of Equip.
	Specifications
	Quantity of Antenna

	
	
	Length or Diameter
	Frequency Band
	T1
	T2
	T3
	T4
	T5
	T6
	T7

	
	
	
	
	RBS
	RBS
	Passive Repeater
	RBS
	Passive Repeater
	Repeater
	RBS

	Antennas for Data Transfer Network
	Parabolic Antenna
	φ0.9m
	7.5GHz
	
	
	
	
	
	2
	1

	
	
	φ1.2m
	7.5GHz
	1
	
	
	
	
	
	

	
	
	φ1.8m
	7.5GHz
	
	
	
	
	2
	1
	

	
	
	φ2.4m
	7.5GHz
	
	1
	2
	1
	
	
	1


1.1.1.14.  System and device specifications
 Table 6 System and device specifications
1.1.1.15. Link parameter and link performance
At this time, we calculate the possibility of transmission system in theory before approval. In the near future, when the project is undergone, we will update our real experience.
Table 7 Link parameters
	Link ID
	Site
	Azimuth
	Elevation

	T45
	T4
	150.1
	1.1

	
	T5
	330.1
	-1.1

	T57
	T5
	14.1
	-1

	
	T7
	194.1
	1

	T23
	T2
	183.1
	1.1

	
	T3
	3.1
	-1.1

	T36
	T3
	16.8
	-1

	
	T6
	196.8
	1


Table 8 Link performances
	Link budget
	T236
	T457

	Pt(dBm)
	30
	30

	Gain 1
	43
	43

	Gain 2
	43
	40

	Gain 3
	43
	40

	Gain 4
	40
	40

	Pathloss 1
	138
	139

	Pathloss 2
	141
	143

	Pr
	-85
	-94


Use cases in remote islands
Disaster prevention administrative radio system in Tokyo Metropolis
1.1.1.16. Introduction
This section introduces the disaster prevention administrative radio system of Tokyo Metropolis[footnoteRef:2], which covers a wide range of areas from urban centres to remote islands as a case study for building a backbone network for disaster prevention.  [2:  “Broadband Connection in the Frontiers”, Broadband Connection in the Frontiers Committee, National Institute of Information and Communication Technologies, 2013, (in Japanese).] 

Tokyo is one of the most populous cities of the world with a population over 10 million. On the other hand, it also covers Tama district with mountains as well as islands in the Pacific Ocean including Izu Islands, Ogasawara Islands, Okino Torishima Island (southernmost point in Japan) and Minami Torishima Island (easternmost point in Japan) which is the most distant island from central Tokyo located about 1,900 away from Tokyo Metropolitan City Hall. Tokyo’s disaster prevention administrative radio system, therefore, needs to cover a wide range of areas from urban centres to remote islands. 
To realize such a widespread radio system, Tokyo has built a backbone network linking the Metropolitan Government, municipal governments and disaster prevention agencies by combining various fixed wireless systems including multiplex, fixed and satellite radio communication according to the amount of information to be communicated. 
1.1.1.17. System specifications
The current public wireless network systems for police, fire, and emergency departments of most Japanese local governments mainly use voice communication networks. However, there is an increasing demand to send images and pictures of disaster-hit areas to share accurate information. Furthermore, due to the digitalisation of terrestrial television broadcasting, i.e. part of the VHF band (170-202.5 MHz), is to be used for the private communication network which enables the use of broadband communications. Therefore, Japanese Ministry of Internal Affairs and Communications have studied the technical requirements for public broadband mobile communication systems and changed the frequency allocation plan in Japan.
Regarding the wireless communication systems for fire rescue and emergency activities, they were digitalised, and their frequency band was shifted from the 150 MHz analogue band to 260 MHz digital band by May 31, 2016 in light of efficient use of the frequency band and advancing fire rescue and emergency activities. Using this digital fire rescue and emergency wireless system, the portable mobile stations were dispatched to the fire rescue and emergency teams, and they communicate among themselves or with their headquarters. Each team sends the information such as locations of their vehicles and/or their current status, and their headquarters send the information such as locations of hospitals, locations of fire, or water sources for fire defence.
The disaster prevention administrative radio system has been developed for the national and local governments to immediately assess the size, location(s), and status of the disaster and send accurate information to the residents when a disaster occurs. This system collects disaster information and secure routes to transmit them. This system is also wireless, so it is resilient to disasters and consisting of its own radio networks. Figure 21 shows the conceptual diagram of the disaster prevention administrative radio system of the prefectural governments in Japan consisting of the fixed wireless, mobile, telemetry, and satellite communication networks. The fixed wireless networks use multiplex radio link to connect the prefectural governments, i.e. the emergency response headquarters, and its branches, i.e., the emergency response local headquarters, the municipal government offices, or the related disaster prevention agencies such as meteorological observatories. The mobile networks connect the prefectural governments and their outpost agencies or their mobile stations. The mobile networks can also be used to connect among the mobile stations. The satellite networks connect among the remote locations using a communication satellite. The telemetry networks transmit the observed data such as water level of rivers, river flow rates, amounts of precipitation,
[image: ]
[bookmark: _Ref516570860]Figure 21 Conceptual diagram of disaster prevention administrative radio system
1.1.1.18. Network
As an example, the network for the disaster prevention administrative radio system in Tokyo is shown below. For the immediate response to disasters, catastrophes, or terrorisms, Tokyo has developed the action plan for large scale disasters, and Tokyo’s disaster prevention administrative radio system will be used for the means of communication. The disaster prevention administrative radio system in Tokyo has the two control centres, one in Tokyo metropolitan government building and the other in Tachikawa city’s disaster prevention centre. The system connects more than 300 disaster prevention organisations such as police, fire stations, hospitals, life lines, public transportation organisations, and media including local government offices of ward district and Tama district using multiplex, fixed, mobile, and satellite networks. Which type of network to be used in each link is depending on the amount of data. In addition, the multiplex radio links are used for the networks of the locations which need disaster information system and/or image transfer system. For other locations, the Multi-Channel Access (MCA) radio link devices are used. MCA has the advantage of efficient use of frequencies.
Figure 22 shows the mobile wireless network configuration, Figure 23 shows the wireless network configuration in the ward district and Tama district, and Figure 24 shows the wireless networks of islands. In these networks, not only the fixed wireless networks but mobile networks, potable satellite earth station (very small aperture terminal: VSAT), satellite relay vehicle are used to cover, all the Tokyo ward district, Tama district and islands. This is considered as the integrated wireless network system using various communication means. Also, the satellite communication devices for Superbird-B2, a communication satellite, were installed at Tokyo and Tachikawa disaster prevention centres and Hinohara-mura, and at the same time, each base station is connected via multiplex radio link for the large of volume data using the microwave band. Therefore, in case a part of the system is damaged, the backup system can be used. In addition, in the ward and Tama districts, the most advanced (compared to other parts of Japan) technique of using 260 MHz digital radio band is used for all the mobile network systems.
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[bookmark: _Ref516570946]Figure 22 Mobile network configuration of Tokyo disaster prevention administrative radio system[footnoteRef:3] [3:  “Disaster prevention plan for areas (Measures for earthquake)”, Attached Material, 2016 (available in http://www.bousai.metro.tokyo.jp/taisaku/1000061/1000903/1000359.html)(in Japanese).] 
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[bookmark: _Ref516570976]Figure 23 Network configuration of Tokyo disaster prevention administrative radio system (Ward and Tama districts) [footnoteRef:4]
 [4:  “Disaster prevention plan for areas (Measures for earthquake)”, Attached Material, 2016 (available in http://www.bousai.metro.tokyo.jp/taisaku/1000061/1000903/1000359.html)(in Japanese).] 
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[bookmark: _Ref516570999]Figure 24 Network configuration of Tokyo disaster prevention administrative radio system (Islands)[footnoteRef:5]  [5:  “Disaster prevention plan for areas (Measures for earthquake)”, Attached Material, 2016 (available in http://www.bousai.metro.tokyo.jp/taisaku/1000061/1000903/1000359.html)(in Japanese).] 

The islands of Tokyo are spread over 1,000 km. To secure the communication link between the two most remote islands, the multiplex radio link systems using the microwave band and the satellite system using Superbird B2 are used.
1.1.1.19. Summary
For the Tokyo’s disaster prevention administrative radio system, the integrated network system of various communication means has been constructed, i.e., multiplex, fixed, mobile, and satellite networks. This system connects more than 300 disaster prevention organisations depending on the amount of data needed to be transmitted/received efficiently. The system covers not only the main part of Tokyo (ward and Tama districts) but also remote islands of Tokyo spread over 1,000 km. Digitisation of the system is also effective to treat large volume of data quickly and efficiently.
Use cases in coastal areas
Microwave Over-the-horizon
1.1.1.20. Introduction
[bookmark: _Hlk511133448]Based on practical experiments, operator had deployed the 101km microwave link from coast to island which seems impossible because of Earth curvature, as shown inFigure 25.
[image: ]
[bookmark: _Ref519684301]Figure 25 Configuration of over-the-horizon link
1.1.1.21. Site
Table 9 Latitudes and longitudes of the sites
	Link ID
	Site A
	Long A
	Lat A
	Site B
	Long B
	Lat B

	161550
	KGG8208
	103E59'50,34"
	10N3'16,67"
	KGG8201
	103E28'02,76"
	9N18'27,06"

	161551
	KGG8204
	104E0'44,67"
	10N0'43,43"
	KGG8201
	103E28'2,76"
	9N18'27,06"


[image: ]
Figure 26 NLoS for a long MW link
1.1.1.22. 
System and device specifications
Table 10 System and device specifications
	Link ID
	Site A
	Site B
	Power (dBm)
	Antenna

	
	
	
	
	Diameter
	Polar
	Gain
	Height1 (m)
	Height2 (m)

	161550
	KGG8208
	KGG8201
	33
	0.6
	Vertical
	37
	56
	56

	161551
	KGG8204
	KGG8201
	27
	0.6
	Vertical
	37
	42
	77


1.1.1.23. Link parameter and link performance
- According to the calculation programme: The two MW links is approximately 100km and not Line-of-Sight and they cannot transmit signal in theory. 
Table 11 Link parameters of the 1st link
	Site
	KGG8201
	KGG8208

	Antenna
	Parabola 0.6m
	Parabola 0.6m

	Height of antenna
	56 m
	56 m

	Azimuth
	34.9 degree
	215 degree

	Equipment
	7.5GHz device
	7.5GHz device

	EIRP
	28 dBW
	28 dBW

	Frequency
	7198 MHz
	7359 MHz

	Polarisation
	Vertical
	Vertical

	Pathloss
	178.2488 dB
	178.0104 dB

	Absorption
	1.5746 dB
	1.5373 dB

	Threshold
	-100 dBW
	-100 dBW

	Field level
	-220.41 dBW
	-220.14 dBW

	Margin
	-120.41 dB
	-120.13 dB

	Rain Unavailable
	100.00 %
	100.00 %

	MP Unavailable
	59.71 %
	59.71 %

	Total Unavailable
	100.00 %
	100.00 %

	Rain Fading
	2.80 dB
	2.63 dB








Table 12 Link parameters of the 2nd link
	Site
	KGG8201
	KGG8204

	Antenna
	Parabola 0.6m
	Parabola 0.6m

	Height of antenna
	77m
	42m

	Azimuth
	37.3 degree
	217.4 degree

	Equipment
	7.5GHz device
	7.5GHz device

	EIRP
	28 dBW
	28 dBW

	Frequency
	7401MHz
	7240 MHz

	Polarisation
	Vertical
	Vertical

	Pathloss
	182.8887 dB
	173.1574 dB

	Absorption
	1.5039 dB
	1.5404 dB

	Threshold
	-100 dBW
	-100 dBW

	Field level
	-225.98 dBW
	-226.28 dBW

	Margin
	-125.97 dB
	-126.28 dB

	Rain Unavailable
	100.00 %
	100.00 %

	MP Unavailable
	59.71 %
	59.71 %

	Total Unavailable
	100.00 %
	100.00 %

	Rain Fading
	2.66 dB
	2.83 dB


But in fact, they can. The numbers of receiver power are about - 40 to -50 dBm which are matched to the receiver sensitivities.
Table 13 Receiver sensitivities at the sites
	Link ID
	Site
	Azimuth
	Elevation
	Receiver Power

	161550
	8201
	34.9
	-0.3
	-41 dBm

	
	8208
	215
	0.3
	-39 dBm

	161551
	8201
	37.3
	-0.3
	-51 dBm

	
	8204
	217.4
	0.3
	-49 dBm



Summary
The fixed wireless radio systems are considered to be an effective solution for the digital divide since these systems have the superiorities such as low cost and easy construction comparing to optical fibres, wireless LAN (Wi-Fi), and satellite links. This report summarizes the fixed wireless radio system use cases in variety of scenes such as mountainous areas, remote islands, and coastal areas.
In case of mountainous areas, the VHF/UHF broadband radio system, the Ad-Hoc radio network system, and the system using the passive repeaters are introduced. The VHF/UHF broadband radio system can serve as an effective network system because of its communication ability in NLoS areas. Another approach is to use Ad-Hoc radio network systems. This type of systems uses the many sensor networks, and they automatically reconfigure their best routes to servers according to their current network conditions. For the system using the passive repeaters, they can also reach NLoS areas by setting up back to back antenna type and billboard configuration type passive repeaters. These repeaters are not the full sets of active repeater stations but has far simpler configurations. 
In case of remote islands, the disaster prevention administrative radio system in Tokyo Metropolis is introduced. This system consists of the different types of networks combining various fixed wireless systems including multiplex, fixed and satellite radio communication according to the amount of information to be communicated. By integrating these types of networks, the remote islands can be easily and quickly reached in case of emergency.
In case of coastal areas, the long distance, approximately 100 km, microwave link system from coast to island works even the link is NLoS because of the Earth curvature.
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