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1. 
Scope
This report addresses the usages of Intelligent Transport System (ITS) applications utilizing millimetre wave bands, such as vehicle to infrastructure, vehicle to vehicle, vehicle to network communications for traffic safety related and traffic efficiency applications, which are considering as future ITS in APT member countries. Additionally advanced automotive sensors are also addressed for such as in-vehicle passenger safety or advanced corporative ITS applications.  
This report identifies current and planned usage of ITS technologies, frequency bands, and status of standardization, applications and deployments in Asia Pacific region.

2. Background	
 In ITU-R WP 5A, Recommendation ITU-R M.2121 referred to agenda item 1.12 of WRC-19 is carried out. 63-64 GHz band is defined as an ITS frequency, standardized by ETSI as EN 302 686 v1.1.1. Meanwhile, in ITU-R, there is a recommendation of ITU-R M.2003-2 (01/2018), that recommends the use of IEEE802.11 or IEEE802.15 standard for high-speed data communication, although it is not used for ITS, frequency harmonization in the millimetre wave band is also required for ITS.
With regard to future frequency harmonization even in the millimetre wave band, Japan believes that it is good to start considerations for millimetre wave ITS applications in APT countries.

3 Related documents	
ITU-R Recommendations:
ITU-R M.1890	Intelligent transport systems – Guidelines and objectives
ITU-R M.1452	Millimetre wave radiocommunication systems for Intelligent Transport 
		Systems applications
ITU-R M.1453	Intelligent Transport Systems – dedicated short-range communications 
		at 5.8 GHz
ITU-R M.2057	Systems characteristics of automotive radars operating in the frequency 
		band 76-81 GHz for intelligent transport systems applications
ITU-R M.2084	Radio interface standards of vehicle-to-vehicle and 
		vehicle-to-infrastructure communications for Intelligent Transport System 
		applications  
ITU-R Report:
ITU-R M.2228	Advanced intelligent transport systems (ITS) radiocommunications
ITU-R M.2322	Systems characteristics and compatibility of automotive radars operating in the frequency band 77.5-78 GHz for sharing studies
ITU-R Handbook:	
		Land Mobile (including Wireless Access) - Volume 4: Intelligent 
		Transport Systems



APT Reports:
APT/AWG/REP-18(Rev2)	APT Report on "Usage of Intelligent Transportation Systems in APT Countries


4 List of acronyms and abbreviations
3GPP	The 3rd Generation Partnership Project
APT	Asia-Pacific Telecommunity
ARIB	Association of Radio Industries and Businesses (Japan)
AWG	APT Wireless Group
C-ITS	Cooperative ITS communication
CCSA	China Communications Standards Association
CEN	European Committee for Standardization
CEPT European Conference of Postal and Telecommunications Administrations
D2D	Device-to-device
ECC	Electronic Communications Committee
ETSI	European Telecommunications Standards Institute
FCC	Federal Communications Commission
IEEE	Institute of Electrical and Electronics Engineers
IMDA	Infocomm Media Development Authority (Singapore)
ISO	International Organization for Standardization
ITS	Intelligent Transport Systems
LTE	Long Term Evolution
LTE-V2X	LTE based Vehicle to Infrastructure/Vehicle/Network/Pedestrians and others
I2I	Infrastructure-to-Infrastructure
PC5	Device-to-Device Direct Link 
TTA	Telecommunication Technology Association (Korea, (Republic of))
Uu	Link between Base Station and Device 
V2I	Vehicle-to-Infrastructure
V2N	Vehicle-to-Network
V2P	Vehicle-to-Pedestrians
V2V	Vehicle-to-Vehicle
V2X	Vehicle-to-Infrastructure/Vehicle/Network/Pedestrians and others 
WLAN	Wireless Local Area Network


5 Overview of ITS radiocommunication and automotive radar
Population growth and urban overcrowding have created social issues such as traffic congestion, increased energy consumption, and increased accidents.　At the same time, the depopulation and aging of the population in rural areas has led to the problem of vulnerable people who cannot drive themselves and have no means of transportation in some regions and countries. ITS is a system that uses information and communication technology to support the mobility of goods and people in order to efficiently and safely use transportation infrastructure and means of transportation (automobiles, motorcycles, bicycles, trains, airplanes, ships, etc.). Radiocommunication is essential for the efficient operation of transportation systems.  Advanced sensing technology is also required to realize ADAS and automated driving, and Radar is needed in addition to image sensors and LiDAR. 76-77 GHz and 77-81 GHz millimetre wave bands are already in practical use as radars for collision avoidance, and some applications are described in the APT Report on "Usage of Intelligent Transportation Systems in APT Countries　(APT/AWG/REP-18(Rev2)”. Future research and development are expected for practical high-speed communication applications that take advantage of the wide bandwidth.

5.1 ITS radiocommunication [1], [2], [3]
ITU-R has developed report on advanced ITS radiocommunications (ITU-R M.2228). In the report, advanced ITS applications are classified by its technical characteristics as 4 categories, following V2X (WAVE), V2X (ETSI ITS-G5), V2X (ITS Connect) and LTE based V2X (LTE-V2X) technologies could be inclusive in advanced ITS category. Cooperative ITS Communication (C-ITS) must be based on a standardized and interoperable wireless communication system.  This interoperability has to be guaranteed at least in different regions of the world. For example, C-ITS in Europe in the 5.9 GHz band was mainly based on IEEE 802.11p and ETSI ITS-G5. Recently, LTE-V2X has also started to be considered for implementation. In some APT countries, the frequency band 5 850 - 5 925 MHz (up to 75 MHz bandwidth) has been selected and adopted as the main operating band for the upcoming road security related C-ITS.  In addition, 63 - 64 GHz frequency band has been designated for road safety related applications in CEPT mobile services. As for general use of millimetre waves for radiocommunication applications, 60 GHz band has been defined for wireless LAN applications and 28 GHz band for 5G-NR, but further research and development is needed for ITS applications, such as shadowing issues unique to millimetre wave propagations.

5.2 Automotive radar[footnoteRef:1] [1:  Existing millimetre-wave band automotive radar applications and technical recommendations are defined in ITU-R Recommendation M.2057, the latest ITU-R M.2057 should be referred for details.] 

Two categories of automotive radar systems operating in the millimeter wave are described in the APT Report on "Usage of Intelligent Transportation Systems in APT Countries (APT/AWG/REP-18(Rev2))

· Category 1: Adaptive Cruise Control (ACC) and Collision Avoidance (CA) radar, for measurement ranges up to 300 metres. For these applications, a maximum continuous bandwidth of up to 1 GHz is required. Such radars are considered to add additional comfort functions for the driver, giving support for more stress-free driving.
· Category 2: Sensors for high resolution applications such as Blind Spot Detection (BSD), Lane-Change Assist (LCA) and Rear-Traffic-Crossing-Alert (RTCA), detection of pedestrians and bicycles in close proximity to a vehicle, for measurement ranges up to 100 metres. For these high-resolution applications, a necessary bandwidth of up to 4 GHz is required. Such radars directly add to the passive and active safety of a vehicle and other Vulnerable road users and are therefore an essential benefit towards improved traffic safety. 

The above lists of radar-based functions, that are provided for the categories above are examples and not exhaustive. Since the publication of APT/AWG/REP-18(Rev2) and ITU-R Recommendation M.2057-1 automotive radar technology has evolved, and new radar-based functions are deployed in vehicles.
To date, the availability of the frequency bandwidth of 4 GHz for Category 2 applications has been low and therefore only few automotive radar sensors operating in this band are yet available. Radar sensors providing some of the Category 2 functions are also deployed in the frequency bandwidth of 1 GHz used for Category 1 functions. However, radar sensors providing the above listed Category 2 and new functions are likely further to be deployed in the envisaged frequency band with its increased availability.

 Other millimetre wave (mmW) radar systems are also defined in the 60 GHz frequency band. In Japan 60 GHz band using 60-61 GHz, is allocated as obstacles detection or automotive radar around 100 m range, which operates as railroad crossing obstacles detection systems in ARIB-STD-T48v1.1. In EU countries, 60 GHz band, using 57-64 GHz, are also defined as short range devices (SRD) in ESTI EN 302 729 V2.1.1. FCC granted a waiver request to operate in the 57-64 GHz band for short range interactive motion sensing 2018. The interference conditions are mitigated by an output power limit of less than 13 dBm EIRP and a low duty cycle of less than 10% in any 33 msec interval.  In April 2021, FCC additionally granted waivers to permit the use of radars installed in passenger motor vehicles for the primary purpose of supporting public safety in-vehicle passenger monitoring functions (e.g., detecting children inadvertently left unattended on a rear seat). This technology triggered active discussions on the application of the 60 GHz band not only for communications, but also for sensing as in-vehicle applications, such a passenger monitoring or driver biomonitoring. Furthermore, since the 60 GHz band can also be used for communication applications, research on the fusion of communication and radar has begun.

6 Millimetre wave communications for ITS applications [4],[5]
To reduce traffic accidents and traffic congestion, cooperative ITS is becoming more and more practical, and V2X side-links based on IEEE802.11p and 3GPP-Rel 14 wireless standards using 5.9 GHz band are becoming to be commercialized globally. And ITS-connect system using 760 MHz band is already in commercial use in Japan. In these V2X systems, text data called BSMs are exchanged, in future raw-sensor data sharing will be expected for advanced driver assistant system (ADAS) and autonomous driving. In order to transmit raw-sensor data, millimetre wave frequency bands are considered as a broadband communication. Additionally massive data generated from vehicle sensors, can be utilized for other applications such as dynamic map updating, or road infrastructure inspection, etc.

6.1 Overview

 The 5G NR (New Radio) developed by 3GPP supports the wide range of mmW bands including spectrum identifications for IMT in WRC-19. It was designed to meet the IMT-2020 requirements of eMBB and latency applicable for ITS applications. The supported mmW bands by 3GPP are 
· n257 (28 GHz) : 26.5 - 29.5GHz
· n258 (26 GHz) : 24.25 -  27.5GHz
· n259 : 39.5 GHz -  43.5 GHz 
· n260 (39 GHz) : 37.00 – 40.0 GHz
· n261 : 27.5 GHz – 28.350 GHz

3GPP is currently studying to support for bands beyond 52.6 (to 71GHz) to enable use cases and deployment scenarios for NR systems. The NR specifications in this range will additionally support use cases such as NR licensed and unlicensed, Industrial automation/IoT. NR physical layer specification supports V2X in various spectrum ranges including mmW. But, currently, only 5.9 GHz is fully defined as slide link operation for V2X. The specification will also support the regulatory requirements in these bands by different regions.

3GPP has been supporting network-assisted device-to-device (D2D) communication for mobile since 4G LTE. For 5G, advanced D2D features like NR side links are introduced that will allow V2X services. FIGURE 6.1 depicts a typical side link operation.

[image: ]
FIGURE 6.1 Side link operating scenario

TABLE 6.1 The capabilities of 3GPP NR enables to meet the requirements of some of the applications of V2X

	Use Case
	Description
	QoS
	Enabler

	
	
	Latency
	Reliability (%)
	Data Rate
	

	Platooning
	Information Sharing within or outside Platoon (V2X)
	10ms
	99.99
	65Mbps
	NR broadcast , groupcast or unicast

	Extended sensor
	Collective perception of environments 
	3ms
	99.999
	1000Mbps
	NR broadcast


  
ITS applications utilizing the high data rate and low latency characteristics of 60 GHz millimetre wave have been studied by the IEEE802.11bd Task Group, and experiments have been conducted in Japan.[6], [7] The 60 GHz band is expected to be used for infrastructure applications and V2V see-through due to its higher bandwidth.

6.2 Technical characteristics
Millimetre wave is suitable for utilizing antenna arrays with large number of antenna elements, as each antenna element are small thanks to its short wavelength, for example, 5 mm at 60 GHz. Beam-steerable beamforming with large number of antenna elements enables several hundred metres communication range. TABLE 6.2 shows an example of link budget calculation for V2I communication. The calculation assumes 32-element antenna array for an example, but it is implementation dependent. The result shows the data rate over 1 Gbps is achieved at 100 m distance.
TABLE 6.2  Link Budget calculation

	
	BPSK, 
R=1/2
	BPSK,
R=13/16
	QPSK,
 R=1/2
	QPSK,
R=13/16
	16QAM,
R=1/2
	16QAM
R=3/4

	Symbol rate [MHz]
	1760

	Data rate  (MAC SAP) [Mbps]
	770
	1251.25
	1540
	2502.5
	3080
	4620

	Carrier frequency [GHz]
	64.80

	Tx Power [dBm]
	13

	EIRP [dBm]
	30

	Rx antenna gain [dBi]
	17

	Noise spectral density [dBm/Hz]
	-173.8

	Noise Figure [dB]
	9

	System link margin [dB]
	6

	Required CNR [dB]
	-2.9
	1.6
	3.6
	7.5
	10.6
	13.5

	Receive sensitivity [dBm]
	-69.2
	-64.7-
	-62.7
	-58.8
	-55.7
	-52.8

	Allowed path loss [dB]
	116.2
	111.7
	109.7
	105.8
	102.7
	99.8

	Communication range [m]
	239
	142.4
	113
	72
	50
	36


  
An experiment for 60 GHz V2I communication with mobility scenario has been conducted in Japan. TABLE 6.3 shows the dimensions and configuration of one of the tests. FIGURE 6.2 shows the results of the test, and shows that the data rate over 1 Gbps was observed at vehicle speed of 60 and 100 km/h. The connection was established at 200 m distance or before in both test cases, and in 60 km/h test case, data amount more than 1 GBytes was transferred during the vehicle was approaching to the RSU.

TABLE 6.3 Dimensions and Configuration for the Experiment

	RSU antenna height
	6 m

	OBU antenna height
	1.5 m

	Antenna direction
(RSU, OBU)
	Azimuth
	0 degree

	
	Elevation
	0 degree

	Vehicle speed
	≥60, ≥100 km/h

	PHY/MAC specification 
	IEEE802.11ad

	Carrier center frequency
	60.48 GHz

	Modulation
	Single carrier
BSPK/QPSK/16QAM

	Beamforming sweep plane
	Elevation

	Test application
	iperf3 (for 60 km/h)
netcat (for 100 km/h)
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(i) Vehicle speed ≥60km/h
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FIGURE 6.2 Experimental results of Data transfer test (x-axis: distance to the RSU)

Attenuation due to rain should be considered in the millimetre wave band, since ITS application is operated outdoor. Depending on the rainfall rate R (mm/h). The attenuation model is defined as following approximated formula by ITU-R Recommendation P.838-3.
   [dB/km]


										(6.1)

Here r(dB/km) is the specific attenuation due to rain, and k(f) and a(f) are approximated by following formula.

										(6.2)




At a rain rate of 50 mm/h, the attenuation reaches 18 dB/km, which has a significant effect on transmission over 1-km. However, for inter vehicle or vehicle to infrastructure communication required by ITS applications, it is not so severe degradation because it is about 100m range to be covered.

6.3 Frequency usage
The usage status of 60 GHz band wireless communication systems in APT countries shown in TABLE 6.4. Many APT countries adopted 60 GHz band for wireless LAN or fixed wireless as license exempt. 60 GHz band is not allocated only for ITS usage. 


 TABLE 6.4 60 GHz band regulations in APT countries

	Country
	Frequency Range [GHz]
	Effective isotropic radiated power (EIRP)
	Antenna power 
	Occupied bandwidth
	Related standards

	
	
	
	Antenna Gain
	
	

	Japan
	57-66
	40 dBm
	10mW~250 mW
	2.5GHz
	ARIBSTD-T117

	
	
	
	10 dBi min
	
	

	
	
	N/A
	10 mW max
	N/A
	ARIBSTD-T69

	
	
	
	47 dBm max
	
	

	Republic of Korea
	57-66
	43 dBm or 
57 dBm (fixed)
	500 mW max
(directional antenna)
	N/A
	

	
	
	
	100 mW max
(omni antenna)
	
	



6.4 Standardization	
Development of various international standards that assume the use of the millimetre wave bands for ITS applications is underway. ETSI completed a standard in 2011 that defines the use of the 63-64 GHz band.
These wireless LAN standards have been developed by IEEE, and the IEEE 802.11ad specification has already been published as a 60 GHz band wireless LAN. And the standardization work for IEEE 802.11ay, an extension of IEEE 802.11ad, will be completed shortly. In addition, a task group, IEEE802.11bd[8], has been published in March 2023 with a scope to optimize IEEE802.11ad and IEEE802.11ay [1], [9] for future V2X applications, and standardization work is underway.


TABLE 6.5 Global Standard on Millimetre wave ITS

	SDO
	Standard No.
	Standard Title

	ETSI

	EN
302 686 V1.1.1 (2011-02)

	Intelligent Transport Systems (ITS);
Radiocommunications equipment operating
in the 63 GHz to 64 GHz frequency band;
Harmonized EN covering the essential requirements
of article 3.2 of the R&TTE Directive

	
	TR 103 583 V1.1.1 (2019-08)
	System Reference document (SRdoc);
Technical characteristics of
Multiple Gigabit Wireless Systems (MGWS)
in radio spectrum between 57 GHz and 71 GHz




TABLE 6.6 Global Standard on Millimetre wave Connectivity

	SDO
	Standard No.
	Standard Title (Status)

	IEEE

	IEEE802.11ad

	Enhancements for Very High Throughput in the 60 GHz Band 
(Published December 2012)

	
	IEEE802.11ay
	Enhanced Throughput for Operation in License-Exempt Bands above 45 GHz
(Published in July 2021)

	
	IEEE802.11bd
	Enhancements for Next Generation V2X Enhancements for Next Generation V2X
(Published in March 2023)




6.5 Applications

6.5.1 Video sharing in truck platooning 
In truck platooning, real time video sharing among tracks is required. A millimetre wave narrow beam is effective for image sharing with little interference for surround vehicles.
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FIGURE 6.3 Low Latency Video Sharing among Platooning Tracks

A platooning using three trucks was conducted on a test course. It was confirmed that the images taken by the cameras installed on each truck can be shared on the display installed in the cabin of the first truck. Latency of the video streaming system was measured excluding the camera and the display, and confirmed that the average latency was 53 milliseconds. From this result and the delay time of the camera and the display in the preliminary experiment being 42 ms on average, it was confirmed that the delay time of the whole video streaming system was 95 ms. From the above results, it was confirmed the demonstration of high-definition video streaming in less than 100 ms in platooning using three trucks.
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FIGURE 6.4 Platooning Test Trucks

6.5.2 Raw sensor data sharing for see-through and cooperative perception [11]
  Raw data obtained by camera, LiDAR and radars are shared between infrastructures and vehicles over high bandwidth V2X communication. Sensor fusion technique consolidates variety of raw and object data to enable accurate object detection at a vehicle, and provides see-through view to the driver for safety (FIGURE 6.5 – right). Millimetre wave is capable of carrying large raw data even in dense traffic in urban cities (FIGURE 6.5 – left).
  Thanks to large bandwidth, i.e. high sampling rate, millimetre wave also enables accurate ranging between vehicle to vehicle, and vehicle to RSU by measuring accurate time-of-flight of communication packets. 
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FIGURE 6.5 See-through view construction using V2V, I2V2V communication

    6.5.3 High volume data uploading/downloading for big data analysis [12]-[14]
Millimetre wave is capable of multi-gigabit high speed transmission. It is effective for instant downloading of large capacity contents such as 3D map. It is also possible to instantaneously upload accumulated data such as driving recorders to the server as shown in FIGURE 6.6. In addition, the millimetre wave is also suitable for backhaul communication over a distance of a few hundred meters due to the directivity of the narrow beam width, and service area can be expanded with the multi-hop function, connecting street lights or utility poles. Uploaded data can be transferred into cloud server via core network, such as fibre, 4G/5G network. 
As further extension of FIGURE 6.7 in the future, controlling of millimetre wave links by overlaying with 4G / 5G macrocells can be considered as shown in FIGURE 6.8 [15]. In this example, millimetre wave link is connected to the 4G / 5G core network by a "Gateway" installed in an RSU. A macrocell by Radio Access Network (RAN), connected to terminals as V-N, covers wider area than millimetre wave local network. Local network can be employed not only millimetre wave link but also microwave bands side link (eg. C-V2X or DSRC). Gateway bridges macrocell and local network, and manage optimum radio access, it enables to offload microcell huge data traffic.
[image: ]
FIGURE 6.6 3D Map Instant Downloading or Recorded Data Instant Uploading between Vehicles and RSU
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FIGURE 6.7 Area expansion by multi-hop for high-volume data communication
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FIGURE 6.8 Millimetre wave link management by overlaying with 4G/5G macrocell


FIGURE 6.9, 6.10 and Table 6.7 shows the measurement results of 60 GHz-band wireless LAN performances installing on OBU and RSU. When traveling at 60 km/h, the amount of transmitted data size exceeded more than 1 Gbyte at a distance of 10 m from the RSU. It is 8.5 seconds after link-setup. As described above, 60 GHz wireless LAN system is feasible for instant huge data exchange as an ITS application.



TABLE 6.7 Evaluation Condition of 60 GHz Wireless LAN for V-I application
	Item
	Value

	RSU antenna height
	2 m

	OBU antenna height
	1.4 m

	Antenna tilt
RSU/OBU
	Elevation
	0°

	Driving Range
	0～300m

	Vehicle velocity
	60 km/h 

	Carrier frequency
	60.48 GHz

	Beam scanning direction
	Elevation
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	RSU

	OBU
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FIGURE 6.9 Field Test Setup
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FIGURE 6.10 Measurement Results


7 Millimetre wave advanced sensing for ITS applications
High-resolution sensors are essential for automated driving and ADAS, and while LiDAR and image sensors are the mainstream, radar with excellent environmental resistance is also indispensable. Millimetre wave band radar can achieve higher range-resolution by utilizing to its broad bandwidth.  MIMO technology thanks to realize higher angle-resolution, then 3-D imaging radar research are becoming active. Additionally new research field is also underway for new applications that combine radar with communication capabilities.

7.1 Overview
24, 77, and 79 GHz bands are already allocated as radars for ITS applications in APT Report on “The Usage of ITS in APT Countries” (APT/AWG/REP-18(REV.2). 60 GHz band is also considered for radar. In Japan, 60 to 61 GHz is already allocated for radar, such as collision avoidance and traffic monitoring and etc. Furthermore, from 57 to 64 GHz, Japan is studying to expand the bandwidth for advanced sensor to improve range resolution. Introduction of 60 GHz band sensors based on the coexistence function of IEEE802.11ad and/or IEEE802.11ay standards, are considered. 
In-vehicle, broadband radar can realize various sensor applications such as individual passenger detection and vital sensing. Outside of vehicle, infrastructure radar detecting pedestrians is also available, and it can be used in combination with communication functions to deliver sensor data to the vehicles.

7.2 Technical characteristics
APT has published a report on "Usage of Intelligent Transportation Systems in APT Countries (APT/AWG/Rep-18 (Rev2)) that studied enabling technologies including automotive radar, such as (1)Low Power Automotive Radar at 24GHz, (2)High Resolution Short Range Automotive Radar operating at 79 GHz (77-81 GHz), (3)Ultra Wide Band (UWB) Radar, (4)Vehicle mounted Radar, (5)Radar for road incident detection system, and (6)Radar for Cooperative driving support.
Vehicle-mounted radar operating at 76 to 81 GHz, as described in Section 5.2, is being deployed in various applications such as Adaptive Cruise Control (ACC) and Collision Avoidance (CA) radar, Blind Spot Detection (BSD), Lane-Change Assist (LCA) and Rear-Traffic-Crossing-Alert (RTCA), as its resolution and detection range performance increase with the progress of practical applications of ADAS and automated driving.
MIMO technology is being adopted as a technology to improve spatial resolution. While 2D scanning used to only detect obstacles in the horizontal direction and measure relative distance and relative velocity, 3D scanning is now capable of detecting the approximate shape of obstacles and even separating multiple objects. It is so called 3D-radar, since it can detect 3-dimentional image and relative velocity of each 3D point cloud.  
 In the 60 GHz band, research and development of sensors that use its broadband nature to achieve higher range resolution is underway. Such higher-resolution sensors are expected to be applied to gesture sensors and biometric sensors because they can capture the movement of the human body.

7.3 Frequency usage	
In Japan, anti-collision radar in 60 GHz band has been already defined. Additionally, two types of radars were defined in January 2021, as shown in TABLE 7.2. Broadband more than a few GHz-BW enables to detect even 3-D image of obstacles. Various applications, such as passenger detection and gesture sensors, are being developed for in-vehicle practical use.


TABLE 7.1 60 GHz-band radar specifications in APT countries

	
	Rep.Korea
	Japan

	Frequency [GHz]
	57-66
	60-61
	57-66
	57-64

	Antenna Power
[dBm]
	Ave.
	
	10
	24
	
	0

	
	Peak
	27
	
	
	10
	12

	PSD
[dBm/MHz]
	Ave.
	
	
	
	
	

	
	Peak
	
	
	
	
	

	Antenna Gain [dB]
	<16
	<40
	>10
	N/A

	EIRP
[dBm]
	Ave.
	
	
	40
	13
	17

	
	Peak
	43
	
	
	
	

	Modulation
	N/A
	N/A
	N/A
	FMCW
	Pulse

	OBW [GHz]
	
	<0.5
	<9
	<7

	Duty Cycle [%]
	
	N/A
	N/A
	<10
(less than 3.3msec every 33msec )

	Carrier Sense
	N/A
	N/A
	Required
	N/A

	Reference STD
	
	ARIB-STD-T48
	IEEE
802.11ay
	ARIB
STD-T73
	TBD



7.4 Standardization	
IEEE802.11WG established 11bf (WLAN Sensing) task group in January 2012 and started a standardization work of sensing, cooperating with existing wireless LAN signals. In addition to the 2.4 and 5 GHz bands, 60 GHz band are considered to realize high resolution sensing and imaging. In IEEE802.11bd[8] (Next Generation V2X), as shown in Chapter 6, the communication technologies operating in 5.9 GHz and 60 GHz are standardized. Additionally, a ranging function using time of flight is also considered, referring IEEE802.11az[10] (Enhancements for Positioning). 

TABLE 7.2 Global Standard on Millimetre Wave Advanced Sensing

	SDO
	Standard No.
	Standard Title (Status)

	IEEE
	IEEE802.11bf
	Enhancements for WLAN Sensing
(Established in January 2021)

	
	IEEE802.11bd
	Enhancements for Next Generation V2X
(Published in March 2023)

	
	IEEE802.11az
	Enhancements for Positioning
(Published in March 2023)



7.5 Applications	

7.5.1 Passenger detection and driver monitoring[16]
 There have been some fatal accidents due to heat stroke caused by leaving children or toddlers on the in-vehicle seats, and accidents due to sudden changes of driver’s health condition. In order to avoid such accidents, passenger detection and driver health monitoring are required with non-contact, then the use of 60 GHz radar is being considered as one of the sensors. FIGURE 7.1 is an example application of passenger detection. By using 60 GHz radar sensors, it is possible to detect an infant on the rear seat even if it is under the blanket. Also, if the sensor is placed near the driver's seat, driver's breathing and heartbeat can be detected.
[image: ] 
FIGURE 7.1  Passenger detection by using 60 GHz-band sensor

7.5.2 Improving communication performance utilizing positioning data

In Section 6.5, high volume data upload and download applications are shown. Service area of mmW communication is basically around 100m to 200m. There is a problem that the transmission speed cannot be achieved more than 1 Gbps near 100m, which is the edge of the service area. System throughput can be improved by priority allocating radio resources to vehicles that are approaching to the RSU as shown in FIGURE 7.2. Relative distance can be measured by measuring the turnaround time during exchanging communication packets and measuring the reflected wave as a radar, it is possible to share communication and radar with one radio device. The fusion of radar and communication system will be developed in the next several years as next step of mmW V2X system as shown in 6.5.3. 
Furthermore, as shown in FIGURE 7.3, in case of V-I communication by using millimetre wave, there will be shadowing area behind vehicles. In this shadowing area, millimetre wave link performance will extremely degrade.  When shadowing area can be predicted, overall system throughput will be improved by avoiding radio resource allocation for the shadowing area. Various technologies can be considered for predicting the shadowing area, one of methods is to predict by each vehicle location from RSU by using radio sensing technology.
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FIGURE 7.2 Fusion of radar and communication for radio resource management
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FIGURE 7.3 Radio resource management by predicting shadowing area

The effectiveness of the method to improve communication quality by predicting the shadowing region was verified by experiments. Figure 7.4 shows the test installation. Assuming that a test vehicle approaches the RSU (coordinates = 0) from 100m and a truck with 3m height is parked at 50m, the position of the truck is detected from the RSU and the shielded area was predicted. In this verification, millimetre wave radar was used for positioning the truck from the RSU. Since millimetre wave communication performance is extremely low in the shadowing area, in order to keep connectivity, a microwave-based link as a macro-cell should be connected in advance. In this verification, 2.4 GHz wireless LAN, IEEE802.11n was employed as the macro-cell. Figure 7.5 compares the result of forcibly switching to IEEE802.11n in the predicted shadowing area with the result of switching based on the millimetre wave received field strength indication (RSSI). Forcibly switching to IEEE802.11n in areas where shadowing was expected reduces throughput, however suppresses blocking periods, which interrupts communication when switching. In the case of switching by millimetre wave RSSI, frequent switching between millimetre wave and microwave will cause blocking that interrupts communication. It means that forcibly switching by using prediction of millimetre wave shadowing area can be improved link reliability.　 


[image: ]
FIGURE 7.4 Verification setup of radio resource management by predicting shadowing area

[image: ]
(a) Throughput performance with shadowing prediction

[image: ]
(b) Throughput performance without shadowing prediction
FIGURE 7.5 Test results of radio resource management by predicting shadowing area
In addition to millimetre-wave radar, prediction accuracy can be improved by using multiple sensor data, such as cameras and LiDARs, to predict shadowing areas and vehicle driving paths. As an example of location prediction using path information and the Kalman filter, an experimental result has been shown in 7.6, where data from 3-millimetre wave radars were integrated to improve the driving path prediction accuracy [17]. The path information includes possible locations on the road and vector information. The state equation incorporates the prediction of the current position and correction by the path information using the equation of motion based on the previously detected position and speed. The Kalman filter interpolates route information uninterrupted, even if there are areas that cannot be detected by the radar due to obstacles, thereby enabling position estimation within the shadowing area.
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(a) Multiple Sensor (Radars) setup
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(b) Test result of driving path prediction
 FIGURE 7.6 Position estimation test in a millimetre-wave shadowing area


3.1.1 Adaptive sensor data sharing utilizing relative positioning data  
As shown in 7.5.2, the fusion of radar and communication is effective for improving communication performance. Further improvements in communication reliability and low latency will allow appropriate sensor data to be delivered to the only appropriate vehicle with low latency, by utilizing relative location. It is expected to be a function that supports the automatic driving L4 around 2025 to 2030. FIGURE 7.7 is (a) sharing of blind spot images between infrastructure and vehicles, and (b) is the case between vehicles.
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(a) V-I case
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(b) V-V case

FIGURE 7.7 Fusion of radar and communication for sensor data sharing




	8. Results of Studies
ITS applications deployed in the APT countries were categorized into electronic toll collection (ETC), vehicle information, communications, and automotive radar, etc. A survey of these applications and required radiocommunication technologies were studied and reported in APT/AWG/REP-18(Rev2).
International deployment of V2X based cooperative systems is widely considered for the realization of ADAS and autonomous driving Level3/Level4. In addition to Europe,North America, and several countries in Asia-Pacific region frequency band 5 855-5 925 MHz is assigned for cooperative systems, and implementation of practical applications is underway. On the other hand, as vehicle-mounted and roadside sensors become increasingly higher-resolution, expanding bandwidth will be needed in the future, the millimetre wave band is expected to be used as one of the broadband communications. This report studies a survey of existing millimetre wave band standards defined in 3GPP and IEEE802.11, etc., as well as prior research and demonstration experiments in the APT countries that have applied these standards for future ITS applications.
Although there are no millimeter wave frequency bands for communications allocated for ITS dedicated applications, such as 5.9 GHz and 760 MHz bands, this report introduced some prior research on the use of the 28 GHz band as 5G-NR and 60 GHz band as advanced wireless LAN is underway for ITS applications.
Conventional millimetre wave radar operating in 76-81 GHz band has already been put into practical use for several years, this report additionally studied advanced sensing applications by using high-resolution capability of millimetre wave bands, such as in-vehicle passenger sensor. Furthermore, research on new applications that integrate sensors and communications has begun, 
One of them is sensing and ranging technology that applies radio propagation for communication. Sensing and ranging technologies based on 60 GHz band communication technology have been standardized in IEEE802.11az, IEEE802.11bd, and IEEE802.11bf. It is effective as a simple positioning method and is expected to be used in future ITS applications.
The other is to use sensing information from dedicated radar devices such as operating in 76-81 GHz band to predict shadowing during mmW communications, such as 60 GHz band. High-resolution radar has proven useful for real-time propagation path prediction for communication.
Thus millimetre wave bands are expected to find future applications in the ITS field.
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