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1 [bookmark: _Toc190850776][bookmark: _Toc190851452][bookmark: _Toc208302340]Introduction

The AWG has developed an APT report (APT/AWG/REP-132) on millimeter wave ITS applications in APT countries in May 2023. This report discusses the use of millimeter wave communication technology as future V2X communications, focusing on the use of millimeter wave broadband communication as specified in 3GPP's 5G-NR and IEEE802.11ad/11ay. The potential for new applications, such as the fusion of millimeter wave communications and sensing, and the use of millimeter wave radar and sensor information to improve the performance of millimeter wave communications, were also discussed. New applications of the millimeter wave band in the ITS field, such as the use of millimeter wave sensors as in-cabin monitoring sensors, were also described.
Millimeter wave onboard radars are gradually becoming popular, mainly 76–77 GHz band radars for forward-looking radar, in line with the progress of ADAS (Advanced Driver Assistance Systems) and autonomous driving Level 3/Level 4. Rearward and sideward surveillance sensors using 24 GHz and 76–81 GHz band radars are also progressing. In addition to the applications mentioned above, various other uses are being considered for the 60 GHz band, such as in-cabin monitoring sensors and kick sensors for keyless entry system. Also, radar sensors on infrastructure are being considered to support safe driving through road-vehicle coordination. However, there are no unified technical standards or regulatory information that should be referred to when spreading advanced ITS to APT countries. In order for millimeter wave radar sensors to be widely used in the future, it is necessary to investigate and organize technical standards, regulations, and examples of practical applications of radar sensors for vehicles and infrastructure in APT countries.

2 [bookmark: _Toc190850777][bookmark: _Toc190851453][bookmark: _Toc208302341]Scope

　APT/AWG studied and published a report focusing on the millimeter wave ITS applications in APT countries that are expected to be utilized in the future, May 2023 (APT/AWG/REP-132).
　This report focuses on radar and sensor applications operating in millimeter wave bands for ITS in APT region countries. The report also describes the results of a detailed survey of radar and sensor technology, standardization, and technical regulations in the APT region countries. In addition to the 76–81 GHz band, which is already in practical use for onboard exterior sensors, the survey also covers 24 GHz band in the quasi-millimeter wave range, and the 60 GHz band, both of which are expected to be utilized not only for in-cabin monitoring sensors but also for exterior sensing applications. The survey is not limited to onboard systems but also includes radars and sensors on the infrastructure side. Furthermore, if there are any technical standards or use cases involving millimeter wave bands other than the three aforementioned frequency ranges, they are also comprehensively introduced. 

3 [bookmark: _Toc202948866][bookmark: _Toc202949235][bookmark: _Toc190850778][bookmark: _Toc190850817][bookmark: _Toc190851321][bookmark: _Toc190851454][bookmark: _Toc190851590][bookmark: _Toc190850779][bookmark: _Toc190850818][bookmark: _Toc190851322][bookmark: _Toc190851455][bookmark: _Toc190851591][bookmark: _Toc202948867][bookmark: _Toc202949236][bookmark: _Toc190850781][bookmark: _Toc190851457][bookmark: _Toc208302342]Related documents

ITU-R Recommendations:
ITU-R M.1452-2	Millimetre wave vehicular collision avoidance radars and radiocommunication systems for intelligent transport system applications
ITU-R M.2057-1	Systems characteristics of automotive radars operating in the frequency band 76–81 GHz for intelligent transport systems applications


ITU-R Reports:
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

APT Reports:
APT/AWG/REP-18(Rev2)	APT Report on "Usage of Intelligent Transportation Systems in APT Countries
APT/AWG/REP-132	APT Report on Millimetre wave ITS Applications in APT Countries


4 [bookmark: _Toc190850782][bookmark: _Toc190851458][bookmark: _Toc208302343]List of acronyms and abbreviations

AD: Autonomous Driving
ADAS: Advanced Driver Assistance Systems 
ACC: Adaptive Cruise Control
PCS: Pre-Collision System
FIR: Far-Infrared
AEB: Autonomous Emergency Braking
BSM: Blind Spot Monitoring
BSW: Blind Spot Warning
ISM: Industrial Scientific and Medical
CVW: Closing Vehicle Warning
RCTA: Rear Cross Traffic Alert
RCS: Radar Cross-Section
FCTA: Front Cross Traffic Alert
CPD: Child Presence Detection
RSU: Roadside Unit 
GNSS: Global Navigation Satellite System　


5 [bookmark: _Toc190850783][bookmark: _Toc190851459][bookmark: _Toc208302344]Overview of millimeter wave radar/sensor

Millimeter wave radar is widely used in vehicles and infrastructures for safety and monitoring. In vehicles, it supports functions like Adaptive Cruise Control (ACC), Pre-Collision System (PCS), Autonomous Emergency Braking (AEB), Blind Spot Monitoring (BSM), parking assistance, and in-cabin monitoring. Different radar applications use various frequency bands:  76–81 GHz is commonly used for forward-looking, 24 GHz for side and rear (due to better bumper penetration), and 60 GHz for in-cabin and exterior sensing. Furthermore, new applications in the 76–81 GHz band are emerging for higher resolution and global standardization. 
 Infrastructure applications include roadside units that detect pedestrians, bicycles, and vehicles to prevent accidents and wrong-way driving. Its ability to function effectively in low-visibility conditions makes it a valuable complement to other sensing technologies like cameras and LiDARs.

5.1 [bookmark: _Toc190850784][bookmark: _Toc190851460][bookmark: _Toc208302345]Onboard radar/sensor

 Millimeter wave radar can be used for a variety of sensor applications, including forward-looking, front-side-looking, rear-looking, rear-side-looking and in-cabin monitoring (Figure. 5.1). Forward-looking applications include Adaptive Cruise Control (ACC), Pre-Collision Systems (PCS), and Autonomous Emergency Braking (AEB). Front-side-looking applications include intersection monitoring during right or left turns. Rear-side-looking applications include Blind Spot Monitoring (BSM), while rear-looking applications include parking assistance. These are just a few examples; other applications not listed are also possible.
While not a formal requirement, it is generally assumed that the forward-looking radar uses 76–77 GHz within the 76–81 GHz band. This is because the 76–77 GHz band provides the necessary bandwidth required for the functions listed above for automotive millimeter wave radar applications, which cannot be sufficiently supported by 24 GHz ISM band radar.
Front-side, rear-side, and rear-looking radars have traditionally used the 24 GHz band, as these radars are typically mounted behind the bumper and the 24 GHz band offers high transmittance through bumper structures. However, it should be noted that 76–77 GHz radars are also commonly mounted behind the bumper, and typical bumper structures and surface coatings (e.g., paint layers) exhibit an attenuation of approximately 1–1.5 dB in this frequency range, which is generally acceptable for such applications.
With ongoing technological advancements, the 76–77 GHz band is increasingly being adopted for front-side, rear-side, and rear-looking radar applications. Looking ahead, the 77–81 GHz band within the 76–81 GHz range, which offers higher range resolution due to its wider available bandwidth, is expected to be utilized for these applications. Correspondingly, technical standards and regulatory frameworks for the 77–81 GHz band are anticipated to be developed on a global basis, including APT region countries.
In-cabin monitoring sensors, primarily operating in the 60 GHz band, are also being developed for applications such as Child Presence Detection (CPD) and driver monitoring support, which provide vital information. The 60 GHz band is used not only for in-cabin monitoring but also for external sensors, and various applications are expected.

 

[image: ]

(a) Exterior sensing radar
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(b) In-cabin monitoring sensor

Figure 5.1 Overview of onboard radar/sensor 

5.2 [bookmark: _Toc190851461][bookmark: _Toc208302346]Infrastructure radar/sensor

Millimeter wave band radar is also being considered for use in roadside units (RSUs) to detect pedestrians, bicycles, motorcycles and vehicles on roads and at intersections helping to reduce traffic accidents. It is also being considered for detecting wrong-way driving on highways. While visible light cameras, far-infrared (FIR) cameras, and LiDAR are being considered as obstacle detection sensors. Millimeter wave radar complements cameras due to its superior object detection performance at night and in low-visibility conditions such as fog, although its resolution is inferior for detailed object recognition.
Figure 5.2 provides an overview of infrastructure radar used for intersection safety support. Since the radar cross-section (RCS) of pedestrians is smaller than that of vehicles, their detection range is shorter. [1]-[2]

 [image: ]
Example of infrastructure radar research and development by Japan (Cabinet Office, MIC) [2]

Figure 5.2  Overview of infrastructure radar


6 [bookmark: _Toc190850785][bookmark: _Toc190851462][bookmark: _Toc208302347]Frequency usage in Asia-Pacific region countries  

This chapter describes the technical specifications and requirements for millimeter wave radar and sensors in APT region countries. For the three frequency bands within the scope of this report —24 GHz, 60 GHz, and 76–81 GHz—the frequency usage status in APT region countries that provided responses is presented in a summary table. Additionally, some examples of millimeter wave usage outside these bands are also provided.


6.1 [bookmark: _Toc190851330][bookmark: _Toc190851463][bookmark: _Toc190851599][bookmark: _Toc190851464][bookmark: _Toc208302348]24 GHz band 

In the 24 GHz band, the band of 24.00–24.25 GHz is allocated as an "ISM band (Industrial Scientific and Medical Band)" used in industry, science, and medicine. The 24 GHz band radar generally refers to as quasi-millimeter wave radar used in these fields. In general, the quasi-millimeter wave band (24 GHz band) has a narrower bandwidth of 200 (or 250) MHz than the millimeter wave band (76–81 GHz band). Although the radar mutual interference and range resolution are inferior, attenuation due to environmental factors, such as rainfall, bumper paint, bumper surface deposit, propagation loss, is relatively low. Additionally, this band is well-suited for detecting short and medium range objects. Therefore, the 24 GHz band is often used for radar for sideward monitoring such as rear or front cross traffic alert (RCTA / FCTA), blind spot warning (BSW), or closing vehicle warning (CVW) applications.

[image: ダイアグラム

自動的に生成された説明]
Figure 6.1 Adopted application of the 24GHz automotive radar
(a) BSW, (b) RCTA, (c) FCTA

In addition to the above, 24 GHz band is also used for in-vehicle applications such as passenger detection systems and a kick sensor for power lift gate control. Since the use of the 24 GHz band is not limited to passenger vehicles, it is also employed in safety system for industrial vehicles like forklifts and construction equipment such as power shovels.
Furthermore, it is applied to infrastructure systems. For example, traffic counters that accurately monitor traffic flow and road usage are used for traffic planning, policy formulation, and road improvement. There are also wrong way driving detection systems that identify vehicles traveling in the wrong direction in real time to help prevent accidents.
In the medical field, the sensor can be used as a vital sign monitor to track the heartbeat and respiration of a plurality of subjects over a long period of time without physical contact.
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Table 6.1 24 GHz band radar/sensor technical requirements in Asia-Pacific region countries
This table compares responses to the technical requirements for the 24 GHz band in section 1 of the questionnaire (AWG-32/OUT-11). The notation "(Q.1.x)" refers to the corresponding section number in the questionnaire.
	Country
	Applications
(Q.1.1)
	Frequency
(Q.1.1)
	Technical Standard
(Q.1.2)
	Output power (Q.1.3)
	Antenna Gain
(Q.1.5)
	Out-of-band Emission
(Q.1.6)
	Occupied frequency bandwidth
(Q.1.7)
	Special Requirements
(Q.1.8)

	
	
	
	
	EIRP
(max or average)

	Conducted Power
(max or power density)
	
	
	
	

	Bhutan 
(Kingdom of)
	N/A
	N/A
	　
	　
	　
	　
	　
	　
	　

	China
(People’s Republic of)
	all
	24.05–24.25 GHz
	Announcement No. 52 of 2019 by the Ministry of Industry and Information Technology of the People's Republic of China
	20 mW (max)
	
	
	
	
	

	Indonesia
(Republic of)
	all
	24.00–24.25 GHz
	Ministry of Communication and Informatics Decree Number 260 Year 2024
	20 dBm (max)
	　
	　
	　
	　
	Spurious emissions must comply to ETSI EN 302 858, ETSI EN 300 440

	Japan
	all
	24.05–24.25 GHz
	ARIB-STD-T73 (Ver3.0)
	　
	0.02 W
	less than 24 dBi or can be higher as long as the EIRP is less than 37 dBm
	less than 2.5 mW
	200 MHz
	Anti-interference function as one of the following.
1) Radio equipment of a radio station used mainly in the same premises that automatically transmits or receives an identification code.
2) A device that allows a user to easily switch frequencies or stop the emission of radio waves.
3) By identifying the modulation method and other characteristics of the received radio wave, it is possible to distinguish the reflected wave of the radio wave transmitted by its own station from the radio wave transmitted by another radio station.

	Korea (Republic of) 
	N/A 
	N/A 
	　
	　
	　
	　
	　
	　
	　

	Malaysia 
	external automotive radars

internal automotive radars
	24.05–24.25 GHz
	1. Class Assignment No. 1 of 2024
2. SRSP 549 - Requirements for Devices using Ultra-Wideband (UWB) Technology Operating in the Frequency Bands of 30 MHz to 960 MHz, 2.17 GHz to 10.6 GHz, 21.65 GHz to 29.5 GHz and 77 GHz to 81 GHz
	-41.3 dBm/MHz  (max)
(defined in 50MHz BW)
	　
	　
	　
	　
	1. Technical parameters
2. Mode of transportation
Details of the requirements are available in Twenty-Sixth Schedule of Class Assignment No.1 of 2024 (Automotive Radar Device)

	Myanmar (Republic of the Union of) 
	external automotive radar
	24.05–24.25 GHz
	Technical Specifications for Short Range Devices (SRD)
	Not defined
	Not defined
	　
	　
	　
	　

	New Zealand
	all

https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark1 
	24.05–24.25 GHz
	 https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices
	0 dBW (max)

https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	　
	No definition
https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices 
	https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices
	No 

https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13

	Samoa (Independent State of)
	external automotive radar
internal automotive radar 
infrastructure/road traffic radar
	24.05–24.25 GHz
	ETSI EN300 440 & EN302 288
	100 mW (max)
	　
	　
	　
	　
	

	Thailand
(Kingdom of)
	all
	24.05–24.25 GHz
	NBTC TS 1011-2560
(Ref: ETSI EN302 288, EN302 858, FCC 47 CFR §15.249)
	1) 10 mW (max) for Radar
2) 100 mW (max) for Vehicle Radar
	　
	　
	-30dBm EIRP, or at least 50 dB below 500 mV/m at 3 meters
	200 MHz
	

	Viet Nam (Socialist Republic of)
	external automotive radars
	24.05–24.25 GHz
	Circular 08/2021/TT-BTTTT regulates wireless devices exempt from licenses and accompanying conditions; Circular 34/2020/TT-BTTTT are applicable to SRD products operating in the frequency band from 1 GHz to 40 GHz
	100 mW
(max)
	　
	　
	-30 dBm(1 mW) apply for spurious emission which has frequency fall on the range of 1 GHz - 50 GHz
	　
	







6.2 [bookmark: _Toc190851465][bookmark: _Toc208302349]60 GHz band

 In the 60 GHz band, a 9 GHz bandwidth from 57 to 66 GHz is allocated as a license-exempt band in many major countries, while a 14 GHz bandwidth from 57 to 71 GHz is allocated as license-exempt in several others. This spectrum is expected to support ultra-broadband communications, such as IEEE 802.11ad and IEEE 802.11ay, and its practical utilization is steadily progressing.[3] - [4]
At the same time, interest in using the 60 GHz band for high-resolution sensing has been growing due to its wide frequency range. [5] - [6]
In the ITS field, there have been fatal incidents—such as heatstroke deaths caused by leaving infants or children in car seats, and accidents resulting from sudden changes in drivers’ health. To help prevent such incidents, non-contact occupant detection and driver health monitoring have become increasingly important. The use of 60 GHz radar is being explored as one of the sensing solutions. Figure 6.2 illustrates an example of occupant detection: a 60 GHz radar sensor can detect the presence of an infant in the rear seat even if covered by a blanket. Additionally, when installed near the driver's seat, the sensor can monitor the driver’s respiration and heart rate.  Furthermore, there is an application as a kick sensor[footnoteRef:1] as one of the keyless entry systems, as illustrated in Figure 6.3. This function is to open the door by holding the foot near a predetermined location. This is useful when both hands are not available due to luggage. [1:  Kick sensor: Kick sensor allows hands-free opening and closing of a vehicles’ door or trunk by detecting a kicking motion under the side or rear bumper. It enhances convenience when your hands are full.
] 

Thus, although the 60 GHz band sensor has a short detection range, its high resolution enables applications not only in-cabin CPD and vital sensing, but also external sensing. Table 6.2 shows the technical standards and regulations for radar/sensor usage in the 60 GHz band across APT region countries.
　
[image: ロゴ

AI 生成コンテンツは誤りを含む可能性があります。]   
Figure 6.2 In-cabin monitoring sensor as an occupant detection sensor



[image: ダイアグラム, 設計図

AI 生成コンテンツは誤りを含む可能性があります。]Figure 6.3 Exterior sensor as a kick sensor 

Table 6.2 60 GHz band radar/sensor technical requirements in Asia-Pacific region countries
This table compares responses to the technical requirements for the 60 GHz band in section 2 of the questionnaire (AWG-32/OUT-11). The notation "(Q.2.x)" refers to the corresponding section number in the questionnaire.
	Country
	Applications
(Q.2.1)
	Frequency [GHz]
(Q.2.2)
	Technical Standard
(Q.2.3)
	Output power (Q.2.4)
	Different power level definition
(Q.2.5)
	Antenna Gain
(Q.2.6)
	Out-of-band Emission
(Q.2.7)
	Occupied frequency bandwidth
(Q.2.8)
	Special Requirement
(Q.2.9)

	
	
	
	
	EIRP
(max or average)
	Conducted Power
(max or power density)
	
	
	
	
	

	Bhutan (Kingdom of)
	N/A
	N/A
	
	　
	　
	　
	　
	　
	　
	　

	China (People’s Republic of)
	N/A
	N/A
	
	
	
	
	
	
	
	

	Indonesia (Republic of)
	all
	57–64
	Ministry of Communication and Informatics Decree Number 260 Year 2024
	20 dBm (max)
	　
	　
	　
	　
	　
	Spurious emissions must comply to ETSI EN 305 550-1

	Japan
	all
	57–64

Wideband sensor without carrier sensing[footnoteRef:2] [2:  Additional requirements for Japan’s 60 GHz band wideband radar without carrier sensing 
Table. Recommended Conducted Power and EIRP for Occupied Bandwidth of FMCW radar in Japan
 k1, k2, where fw is the OBW (GHz) and Tt is the maximum sum of the radio transmitting time in any 33 msec time period (msec).
	k1 = Min ( (1 / 4.32) x (3.3 / Tt), 1)
	k2 = Min ( (fw / 4.32) x (3.3 / Tt), 1)

] 

	ARIB-STD-T73 (Ver3.0)
	　
	1) FMCW radar 0.01W with total EIRP less than 13dBm
2) Pulse radar 12dBm peak/ 1mW average with total EIRP less than 17dBm peak and 5dBm average
	Definition depends on the modulation scheme
	less than 24 dBi or can be higher as long as the EIRP is less than 37 dBm
	less than 2.5 mW
	200 MHz
	Anti-interference function as one of the following.
1) Radio equipment of a radio station used mainly in the same premises that automatically transmits or receives an identification code.
2) A device that allows a user to easily switch frequencies or stop the emission of radio waves.
3) By identifying the modulation method and other characteristics of the received radio wave, it is possible to distinguish the reflected wave of the radio wave transmitted by its own station from the radio wave transmitted by another radio station.

	
	all
	60–61

Narrow band radar
	ARIB STD-T48 (Ver 2.2)
	　
	10 mW
	　
	less than 40 dBi
	out-of-band region 100 mW
spurious region 50 mW
	500 MHz
	　





	
	
	57–66

Wideband sensor with carrier sensing 
	N/A (Referring IEEE802.11ay)
	40 dBm (max)24 dBm
(max)
	　24 dBm
(max)
	larger than 10 dBi
	24 dBm
(max)
	out-of-band region (55.62 GHz and 57 GHz or less and above 66 GHz and 67.5GHz or less); 
-26dBm/MHz
spurious region (55.62 GHz or less/ Above 67.5 GHz ); -30dBm/MHz 9 GHz
	9 GHz Carrier sense” is required to avoid interference with other radios which operating in the same bands.
	Carrier sense” is required to avoid interference with other radios which operating in the same bands.57-66



	Korea (Republic of)
	all
	57–66
	UWB and unspecified radio device, MSIT Notice No. 2024-23
	43dBm (max), 57dBm (max) (point to point communication only)
	500mW(Directional Antenna), 100mW(Omni Antenna)

13dBm/MHz (max power density)
	general use or point to point communication
	Omni or Directional Antenna
	-36 dBm (Below 1 GHz), -30 dBm (Above 1 GHz)
	57~66GHz
	Two types for outdoor fixed point to point communication

Type 1: Maximum conducted power = 500mW(Directional Antenna),  Antenna gain
 ≥ 51dBi, Average EIRP ≤ 82dBm, Maximum EIRP　≤　85dBm
Type 2: Maximum conducted power = 500mW(Directional Antenna),  Antenna gain
 < 51dBi, Average EIRP ≤ 82-(51-Antenna Gain)x2 dBm, Maximum EIRP 
 ≤ 82-(51-Antenna Gain)x2 dBm 

	Malaysia
	N/A
	N/A
	
	
	
	
	
	
	
	

	Myanmar (Republic of the Union of)
	external automotive radar
	57–71

National Table of Frequency Allocations(NTFA) 59–64
GHz,66–71 GHz & 76–81 GHz are allocated for RADIOLOCATION and
RADIONAVIGATION Services
	Technical Specifications for Short Range Devices (SRD)
	Not defined
	Not defined
	
	
	
	
	

	New Zealand
	all
https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13 
	57-71
https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	 https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices
	13 dBW (max)
https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	　
	No. https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	No definition
https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13　
	https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices
	https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices
	No. https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13

	Samoa (Independent State of)
	external automotive radar
internal automotive radar 
	57-64 
	ITU-R Rec. M.1452
	10 mW (max)
	　
	
	
	
	
	

	Thailand (Kingdom of)
	N/A
	N/A
	
	
	
	
	
	
	
	

	Viet Nam (Socialist Republic of)
	N/A
	N/A
	
	
	
	
	
	
	
	




6.3 [bookmark: _Toc190851466][bookmark: _Toc208302350]76–81 GHz band

The 76–81 GHz band has been allocated for automotive radar applications in many countries. Due to the early establishment of technical standards for the 76–77 GHz band and its progress in practical implementation, several countries define separate technical standards for the 76–77 GHz and 77–81 GHz sub-bands.
Radar systems operating in the 76–77 GHz band are primarily used for long-range detection, making them essential for forward monitoring radar and adaptive cruise control (ACC) systems. These radars can detect obstacles within a range of 100 to 200 meters ahead and automatically adjust the vehicle's speed and following distance, thereby improving safety and reducing the driver's workload. Additionally, 76–77 GHz radar maintains high detection capabilities in adverse weather conditions and at night, making it effective as an all-weather safety system.
On the other hand, radar systems operating in the 77–81 GHz ( or more broadly, the 76–81 GHz band)  offer a wider bandwidth (up to 4 GHz) thus high resolution, making them well suited for short- to mid-range detection. These radars are particularly effective in identifying small objects such as pedestrians and bicycles. 77–81 GHz radar plays a critical role in collision avoidance systems and Autonomous Emergency Braking (AEB), contributing to safer driving in urban environments. Furthermore, radars in this band can provide 360-degree coverage around the vehicle, enabling all-around detection without blind spots. 
Although, high-resolution radar sensors that fully utilize the 4 GHz frequency bandwidth of the 77–81 GHz band remain limited, technological advancements there have led to an increasing number of implementations of vehicle-surround surveillance systems that achieve some of the 77–81 GHz band radar functionality using the 76–77 GHz band. Additionally, some countries are moving toward integrating both bands to maximize performance and flexibility. Table 6.3 summarizes usage of 76–81 GHz band in APT region countries



Table 6.3 76–81 GHz band radar/sensor technical requirements in Asia-Pacific region countries
This table compares responses to the technical requirements for the 76–81 GHz band in section 3 of the questionnaire (AWG-32/OUT-11). The notation "(Q.3.x)" refers to the corresponding section number in the questionnaire.
	Country
	Applications
(Q.3.1)
	Frequency [GHz]
(Q.3.2, 3.3)
	Technical Standard
(Q.3.4)
	Output power (Q.3.5)
	Different power level definition
(Q.3.6)
	Antenna Gain
(Q.3.7)
	Out-of-band Emission
(Q.3.8)
	Occupied frequency bandwidth
(Q.3.9)
	Special Requirement
(Q.3.10)

	
	
	
	
	EIRP
(max or average)
	Conducted Power
(max or power density)
	
	
	
	
	

	Bhutan (Kingdom of )
	N/A
	N/A
	　
	　
	　
	　
	　
	　
	　
	　

	China (People’s Republic of)
	external automotive radars
	76–77 GHz
77-79 GHz 
no overlap
	Interim Provisions on Radio Management of Automotive Radar
	55 dBm (max)/ 50dBm (ave.)
(76–79GHz)

39 dBm (max)/ 34 dBm (ave.)  (77–79GHz)

39 dBm (max) / 34 dBm (ave.) (76–79GHz)
	28dBm/MHz
(76–77GHz), 

7dBm/MHz
(77–79GHz), 

7dBm/MHz
(76–79GHz)

	No
	No
	
	
	

	Indonesia (Republic of)
	external automotive radars
internal automotive radars
	76–77
	Ministry of Communication and Informatics Decree Number 260 Year 2024
	55 dBm
(max)
	　
	　
	　
	　
	　
	Spurious emissions must comply to ETSI EN 301 091-1

	Japan
	all
	76–77 GHz
77–81 GHz 
no overlap
	76–77GHz: ARIB STD-T48 (Ver 2.2)

77–81GHz: ARIB STD-T111 (Ver 1.1)
	　
	76–77GHz: 10mW

77–81GHz: 10mW if the BW is > 2GHz.  If the BW is ≤ 2GHz the power density shall be less than 5mW/MHz  density shall be less than 5mW/MHz 
	For 77–81GHz, depending on the BW the power density is defined. 
	76–77GHz: 40dBi
77–81GHz: 35dBi 
	Out-of-band: 100mW or less
Spurious: 50mW or less
	76–77GHz:  1GHz / 77–81GHz: 4GHz
	1) anti-interference function: To have a function capable of discriminating a reflected wave of a radio wave transmitted by its own station from a radio wave transmitted by another radio station by discriminating a modulation system and other characteristics of a received radio wave.

	Korea (Republic of)
	external automotive radars
	76–77 GHz
77–81 GHz 
no overlap
	Automotive collision avoidance radar device, MSIT Notice No. 2024-23
	55 dBm (max) (76–77GHz)

50 dBm (average) (76–77GHz ) 
	20 mW  (max)
55 dBm/50MHz (77–81GHz) (max)
-3 dBm/MHz (77–81GHz) (average)

55 dBm/50MHz (77–81GHz)
(max power density)
-3 dBm/MHz (77–81GHz)
(average power density)
	　
	
	
	
	

	Malaysia
	external automotive radars

internal automotive radars
	76–77 GHz
77–81 GHz 
no overlap
	
1. Class Assignment No. 1 of 2024
2. SRSP 549 - Requirements for Devices using Ultra-Wideband (UWB) Technology Operating in the Frequency Bands of 30 MHz to 960 MHz, 2.17 GHz to 10.6 GHz, 21.65 GHz to 29.5 GHz and 77 GHz to 81 GHz
	Automotive radar device:
1. 76 – 77 GHz = 50dBm
2. 77 – 81 GHz = -3 dBm/MHz (defined in 50MHz BW)
	　
	No 
	　
	　
	　
	
1. Technical parameters
2. Mode of transportation
(Details of the requirements are available in Twenty-Sixth Schedule of Class Assignment No.1 of 2024 (Automotive Radar Device)

	Myanmar (Republic of the Union of)
	external automotive radar
	76–77 GHz
77–81 GHz 
no overlap

National Table of Frequency Allocations(NTFA) ,59-64
GHz,66-71 GHz & 76–81 GHz are allocated for RADIOLOCATION and
RADIONAVIGATION Services.
	Technical Specifications for Short Range Devices (SRD)
	Not defined
	Not defined
	
	
	
	
	

	New Zealand
	external automotive radars
internal automotive radars
infrastructure / road traffic radars

https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	76–81 GHz

https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	 https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	25 dBW
(max)

https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	　
	　
	No definition
https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13
	　
	 https://www.rsm.govt.nz/about/publications/gazette-notices/product-compliance-gazette-notices
	use of 76–81 GHz is limited to field disturbance sensors. See https://www.rsm.govt.nz/about/publications/gazette-notices/general-user-radio-licence-gurl-notices#bookmark13

	Samoa (Independent State of)
	infrastructure/road traffic radar
	76–77
	ITU-R Rec. SM. 1538 & ITU-R. Rec. M.1452
	 -50 dBm
	
	　
	　
	　
	　
	For pulse radar only

	Thailand (Kingdom of)
	all
	76–77 GHz
77–81 GHz 
no overlap
	NBTC TS 1011-2560
	1) 10 mW (max) for Radar
2) 55 dBm (max) for Vehicle Radar
	　
	　
	　
	-30 dBm, or 600 pW/cm2 at 3 meters
	1 GHz (76–77 GHz) and 4 GHz (77–81 GHz)
	

	Viet Nam (Socialist Republic of)
	external automotive radars
internal automotive radars
	76–77 GHz
77–81 GHz 
no overlap
	Circular 08/2021/TT-BTTTT regulates wireless devices exempt from licenses and accompanying conditions; Circular 09/2021/TT-BTTTT Radar equipment operating in the frequency range 76 GHz–77 GHz for ground based vehicle.
	316,23 W/50 MHz EIRP for 76 ÷ 77 GHz band; 316,23 W/50 MHz EIRP and 0,5 mW/MHz EIRP for 77 ÷ 81 GHz band
	　
	　
	　
	-30 dBm (1µW) apply for spurious emission which has frequency fall on the range of 1 GHz – 50 GHz, more detailed in Circular 08/2021/TT-BTTTT and Circular 09/2021/TT-BTTTT mentioned above
	　
	



6.4 [bookmark: _Toc190851334][bookmark: _Toc190851467][bookmark: _Toc190851603][bookmark: _Toc190851335][bookmark: _Toc190851468][bookmark: _Toc190851604][bookmark: _Toc190851392][bookmark: _Toc190851525][bookmark: _Toc190851661][bookmark: _Toc190851447][bookmark: _Toc190851580][bookmark: _Toc190851716][bookmark: _Toc190851581][bookmark: _Toc208302351]Others

This chapter presents examples of frequency usage for millimeter wave radar and sensors in the ITS applications among APT region countries, outside the three focusing frequency bands defined within the scope of this report.

6.4.1 [bookmark: _Toc190851582][bookmark: _Toc208302352]26 GHz UWB
The 26 GHz UWB radar has been used in several countries, including Japan. However, under current regulations, many countries no longer allow the operation of new radar models. Nevertheless, vehicles equipped with 26 GHz UWB radar will still be present in the market. Table 6.4 shows the technical standards of 26 GHz UWB radars that were commercialized.

Table 6.4 Technical standards of commercialized 26 GHz UWB radar

	Country
	Japan

	Frequency 
	24.25–29.0 GHz

	Standard system
	Not specifically defined

	Technical Standard
	There is no standard, and the regulations are summarized in TELEC-T317

	Output 
Power
	EIRP max
	N/A

	
	EIRP average
	N/A

	
	Conducted Power
	

	
	Conducted power density (max)
	0 dBm/50 MHz

	
	Conducted power density (ave)
	-41.3 dBm/MHz

	Antenna Gain 
	0 dBi or less
20 dBi or less when the EIRP is
 -41.3 dBm/MHz or less (average)

	Out-of-band Emission
	with peak power
Less than 24.25 GHz: -54 dBm/MHz
29.0 GHz to 36.625 GHz: -54 dBm/MHz
36.625 GHz or higher: -44 dBm/MHz
48.10 GHz to 48.50 GHz: -44 dBm/MHz (Note)
52.00 GHz to 52.50 GHz: -44 dBm/MHz (Note)
Note:-26 dBm/MHz for any 5 waves

	Occupied frequency band width
	4.75 GHz

	Special Requirement
	Spread bandwidth is 450 MHz or higher




6.4.2 [bookmark: _Toc208302353]Road radar in Republic of Korea

The Republic of Korea uses 34 GHz Road radar for unexpected event detection in highway or tunnel environment. The operating frequency range is 34.275–34.875 GHz and the maximum output power is 100 mW. This Road radar is similar in application to the infrastructure radar described in Section 5.2. Table 6.5 describes the technical characteristics of the Road radar[7].

Table 6.5 technical characteristics of road radar.

	Parameters
	Technical Values

	Application 
	Road radar for unexpected event detection

	Frequency Range
	34.275–34.875 GHz

	RF Output Power
	Maximum 100 mW

	Antenna Input Power Density
	8 dBm/MHz

	Average EIRP
	Less than 45 dBm

	Peak EIRP
	Less than 55 dBm




7 [bookmark: _Toc190850786][bookmark: _Toc190851583][bookmark: _Toc208302354]Conclusion

This report investigates and summarizes the frequency usage status of millimeter wave radar and sensors in APT region countries. The study primarily focused on the 24 GHz, 60 GHz, and 76–81 GHz bands, which are increasingly utilized for purposes such as the realization of ADAS, AD, and ensuring in-cabin passenger safety. In addition to vehicle-mounted systems, the study also examined the use of millimeter wave radar for infrastructure applications. The findings reveal that many countries have established technical standards and regulatory frameworks to support the use of millimeter wave technologies. However, it is also found that in some cases, frequency allocations, power output limits, and application-specific restrictions are imposed.
In addition to the three primary bands, examples of millimeter wave usage in other frequency ranges are also identified, indicating continued expectations for the use of millimeter wave bands in radar and sensing applications.
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[bookmark: _Toc208302356]ANNEX 1. Practical aspects of regulation application in Asia-Pacific region countries


Table A-1 Practical aspects of regulation application in Asia-Pacific region countries
This table shows practical aspects of regulatory application in section 4 of the questionnaire (AWG-32/OUT-11). The notation "(Q.4.x)" refers to the corresponding section number in the questionnaire.

	　
	Q.4.1
	Q.4.2
	Q.4.3
	Q.4.4
	Q.4.5
	Q.4.6
	Q.4.7
	Notes

	Country
	Are test reports from FCC or EU radio approval accepted for approval in your country (“Yes”), or are specific tests and report required (“No”)? 

<Answer>
Yes or No
	If the answer to question No. 4.1  is “No” can you provide the list of accredited laboratories that can perform the tests, or reference to this list if available.?
<Answer>
Specify: ______ 
	Are there specific modes needed for the regulatory tests?

<Answer>
1. Switch between individual  
   Tx if there are several used 
   in one cycle
2. Switch between different 
   modulations if there are 
   several used in one cycle
3. Put the sensor in CW mode
4. Stop Tx emission
5. Other, please specify: ______
	Is the certification plant dependent or common to all plants? 
E.g.: If the product is manufactured in 2 different plants, are 2 different radio approvals and number required?

<Answer>
Yes or No
	Is a local legal representative required to have the certification?

<Answer>
Yes or No
	What form of a marking is required? Please provide a reference text. 
E.g.: For Japan, the MIC mark and number are required on the product.

<Answer>
1. No specific marking 
2. Marking on device only
3. Marking on device only OR 
   in vehicle owner’s manual
4. Marking in vehicle owner’s 
   manual
5. Other: ______
6. Reference Text: ______
	What is the policy for minor changes on the product? Please provide a reference text. 

<Answer>
1. Changes of part is accepted 
   if there is no PCB changes 
   (e.g.: discontinued part or 
   second sourcing)
2. Changes of part is accepted 
   with PCB changes if it’s not 
   related to the RF
   transmission and the 
   packaging do not change 
   (e.g.: discontinued part 
   or second sourcing, or adding 
   one CAN channel)
3. Changes of part and/or 
   packaging if it’s not related 
   to the RF transmission (e.g.: 
   change of connector)
4. No change accepted.
5. Other: ______
6. Reference Text: ______
	　

	Bhutan
(Kingdom of)
	Yes
	NA
	5. Other
NA
	No
	No
	No
	1
	　

	China (People’s Republic of)
	No
	
	1 and 2
	No
	No
	3
	NA
	

	Indonesia
(Republic of)
	Yes 
the test report should be issued by government designated domestic testing lab and recognized foreign testing lab according to applicable regulations
	NA
	5. Other
test performed at the lowest and highest channel / frequency ranges from the transmitter with maximum output power
	Yes
If the plants are located in different countries
	Yes
	5. Other
Marking on device and the packaging
6. Ref. Text
 the marking should refer to Ministry of Communication and Informatics Regulation Number 3 Year 2024
	4
	　

	Japan
	No
	See Ref.
https://www.tele.soumu.go.jp/e/sys/equ/tech/
	1 and 2
	No
	No
	2
MIC Mark + Registration number
	1
	MIC Mark

[image: グラフィカル ユーザー インターフェイス

AI によって生成されたコンテンツは間違っている可能性があります。]


	Korea (Republic of)
	No
	See Ref.
Radio Frequency and Electromagnetic Compatibility
	1
	Yes
	Yes
	2
	2
	　

	Malaysia
	No
	See Ref.
https://www.sirim-qas.com.my/wp-content/uploads/2021/07/eTAC_DOC_01-1.1-CERTIFICATION-REQUIREMENTS-Issue-2-Rev-1.pdf

	(Please refer to clause 5.2.6 of the document entitled Certification Requirement for Compliance Approval (Type Approval) on Communication, Multimedia and Hybrid Equipment from link provided above.)

	5. Other
No specific mode
	No
	Yes
	3
	5. Other
Policies on minor changes generally require the following:
a) A detailed description of the change provided by the applicant, such as photos of the PCB before and after the modifications and a manufacturer’s declaration letter.
b) The decision on whether a modification is acceptable as minor will be determined by comparing the current application with the previous submission and evaluating the declared changes.
6. Ref. Text
https://www.sirim-qas.com.my/wp-content/uploads/2021/07/eTAC_DOC_01-1.1-CERTIFICATION-REQUIREMENTS-Issue-2-Rev-1.pdf 
(Please refer to clause 13.2 of the document entitled Certification Requirement for Compliance Approval (Type Approval) on Communication, Multimedia and Hybrid Equipment from link provided above)

	　

	Myanmar (Republic of the Union of)
	Yes
	NA
	NA
	NA
	NA
	NA
	NA
	

	New Zealand
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	See Ref.
https://www.rsm.govt.nz/business-individuals/supplier-compliance
	　

	Samoa (Independent State of)
	Yes
	NA
	NA
	Yes
	No
	3
	5. Other
Any kind of change will require a re-submission of application
	　

	Thailand　(Kingdom of)
	Yes
	NA
	5. Other
Not specified
	No
	Yes
	3
NBTC Mark + Registration number
	3


	NBTC Mark 
+ Registration number 

[image: テキスト

AI によって生成されたコンテンツは間違っている可能性があります。]

	Viet Nam (Socialist Republic of)
	No
	See Ref.
 https://mic.gov.vn/danh-sach-cac-phong-thu-nghiem-duoc-chi-dinh-197240409134337331.htm 
	5. Other
Specify in the related Regulations requirements, ie Circular 09/2021/TT-BTTTT
	No
	No
	5. Other 
Specific in Circular No. 28/2012/TT-BKHCN (Marking on device OR in vehicle owner’s manual,..
6. Ref. text
 Circular No. 28/2012/TT-BKHCN of December 12, 2012, providing for announcement of standard conformity and announcement of technical-regulation conformity and method to assess conformity with standards and technical regulations
	5. Other
No information in this issue.
	






[bookmark: _Toc208302357][bookmark: _Toc190851585]ANNEX 2. Additional information in Japan


Detail frequency usage in Japan is listed below.

· 24 GHz band 
The standard of 24 GHz band is defined by ARIB STD T-73.
	Standard System
	1. Method using reflection of radio waves
(1) System using Doppler effect
A system that detects moving objects using the Doppler effect and outputs the information.
(2) System using delay of reflected wave
A system that uses the delay of reflected waves to output information such as stationary detection of objects and distance.
2. Method using radio wave interruption
A system for receiving radio waves emitted from a transmitter by a receiver and outputting information by blocking an object between them.

	Radar System
	not specifically defined

	Type of Radio Wave
	not specifically defined

	Frequency Band
	24.05–24.25 GHz

	Antenna Power
	0.02 W(13 dBm)

	Allowable Deviation of Antenna Power
	+50 %, -50 %

	Occupied Frequency Bandwidth
	200 MHz

	Out-of-band Region
	2.5 μW or less

	Spurious Region
	2.5 μW or less

	Antenna Gain
	24 dBi or less
However, the antenna gain can be compensated so that the EIRP is less than or equal to 37 dBm eirp.

	Radio Waves Emitted by the Receiver
	To the extent that secondary radio waves do not interfere with the function of other radio equipment, the power of the circuit shall be 2.5 μW or less when measured using a pseudo antenna circuit with the same electrical constant as the receiving antenna.

	Anti-Interference Function
	(1), (2) or (3) below.
(1) Radio equipment of a radio station used mainly in the same premises that automatically transmits or receives an identification code.
(2) A device that allows a user to easily switch frequencies or stop the emission of radio waves.
(3) By identifying the modulation method and other characteristics of the received radio wave, it is possible to distinguish the reflected wave of the radio wave transmitted by its own station from the radio wave transmitted by another radio station.



· 60 GHz band
The standard of 60  GHz band RADAR (Exterior) is defined by ARIB STD T-48.
	Standard System
	not specifically defined

	Operational Form
	not specifically defined

	Radar System
	not specifically defined

	Type of Radio Wave
	not specifically defined

	Frequency Band
	60.0–61.0 GHz

	Antenna Power
	10 dBm

	Allowable Deviation of Antenna Power
	+50 %,  -70 %

	Occupied Frequency Bandwidth
	500 MHz

	Out-of-band Region
	100 μW or less

	Spurious Region
	50 μW or less

	Anti-Interference Function
	By identifying the modulation method and other characteristics of the received radio waves, it is possible to distinguish the reflected waves of the radio waves transmitted by the own station from those transmitted by other radio stations.

	Transmission Time Limiting Device
	The transmitter is not required to have a transmission time limiting device.

	Carrier Sense
	No carrier sense required for radio equipment

	Antenna Gain
	40 dBi or less

	Polarization Plane of the Antenna
	not specifically provided for

	Stop Transmission other than when Measuring
	It has the function of stopping the emission of radio waves other than at the time of measurement.

	Radio Waves Secondary to the Receiver
	To the extent that secondary radio waves do not interfere with the function of other radio equipment, the power of the circuit shall be 100 μW or less when measured using a pseudo antenna circuit with the same electrical constant as the receiving antenna.



· 76 GHz bands[footnoteRef:3] [3:  In Japan, the “76 GHz band” refers to 76–77 GHz.
] 

The standard of 76 GHz band RADAR is defined by ARIB STD T-48.
	Standard System
	not specifically defined

	Operational Form
	not specifically defined

	Radar System
	not specifically defined

	Type of Radio Wave
	not specifically defined

	Frequency Band
	76.0–77.0 GHz

	Antenna Power
	10 dBm

	Allowable Deviation of Antenna Power
	+50 %, -70%

	Occupied Frequency Bandwidth
	1 GHz

	Out-of-band Region
	100 μW or less

	Spurious Region
	50 μW or less

	Anti-Interference Function
	By identifying the modulation method and other characteristics of the received radio waves, it is possible to distinguish the reflected waves of the radio waves transmitted by the own station from those transmitted by other radio stations.

	Transmission Time Limiting Device
	The transmitter is not required to have a transmission time limiting device.

	Carrier Sense
	No carrier sense required for radio equipment

	Antenna Gain
	40 dBi or less

	Polarization Plane of the Antenna
	not specifically provided for

	Stop Transmission other than When Measuring
	It has the function of stopping the emission of radio waves other than at the time of measurement.

	Radio Waves Secondary to the Receiver
	To the extent that secondary radio waves do not interfere with the function of other radio equipment, the power of the circuit shall be 100 μW or less when measured using a pseudo antenna circuit with the same electrical constant as the receiving antenna.



· 79GHz bands[footnoteRef:4] [4:  In Japan, the “79 GHz band” refers to 77–81 GHz.
] 

The standard of 79 GHz band RADAR is defined by ARIB STD T-111.
	Standard System
	not specifically defined

	Operational Form
	not specifically defined

	Radar System
	not specifically defined

	Type of Radio Wave
	not specifically defined

	Frequency Band
	77.0–81.0 GHz

	Antenna Power
	10 dBm
However, if the occupied bandwidth is 2 GHz or less, the average power in the 1 MHz bandwidth must be 5 μW or less.

	Allowable Deviation of Antenna Power
	+50 %, -70 %

	Occupied Frequency Bandwidth
	4 GHz

	Out-of-band Region
	100 μW or less

	Spurious Region
	50 μW or less

	Antenna Gain
	35 dBi or less

	Polarization Plane of the Antenna
	not specifically provided for

	Radio Waves Emitted by the Receiver
	Band corresponding to out-of-band region Cusp power of 100 μW or less in any 1 MHz bandwidth
band corresponding to the spurious region The cusp power in any 1 MHz bandwidth is 50 μW or less

	Anti-Interference Function
	To have a function capable of discriminating a reflected wave of a radio wave transmitted by its own station from a radio wave transmitted by another radio station by discriminating a modulation system and other characteristics of a received radio wave.



· 26GHz UWB
There is no standard, and the regulations are summarized in TELEC-T317.
	Frequency Band
	24.25–29.0 GHz

	Antenna Power
	Average power: -41.3 dBm/MHz
Peak Power: 0 dBm/50 MHz

	Allowable Deviation of Antenna Power
	+20 %

	Occupied Frequency Bandwidth
	4.75 GHz

	Spread Bandwidth
	450 MHz or higher

	Unwanted Emissions
	with peak power
Less than 24.25 GHz: -54 dBm/MHz
29.0 GHz to 36.625 GHz: -54 dBm/MHz
36.625 GHz or higher: -44 dBm/MHz
48.10 GHz to 48.50 GHz: -44 dBm/MHz (Note)
52.00 GHz to 52.50 GHz: -44 dBm/MHz (Note)
Note: -26 dBm/MHz for any 5 waves

	Secondary Launch
Incidental Emissions
	Less than 36.625 GHz: -54 dBm/MHz
36.625 GHz or higher: -44 dBm/MHz

	Antenna Gain
	0 dBi or less
20 dBi or less when the EIRP is -41.3 dBm/MHz or less (average)



· 60 GHz band vehicle interior sensor
The standard of 60 GHz band vehicle interior sensor is defined by ARIB STD T-73.
	Standard System
	The transmission signal is frequency modulated in a range of about 4 GHz to 7 GHz out of 57.0–64.0 GHz. Normally, a chirp wave with a frequency sweep of about 10 μsec is formed, and a chirp signal with a frequency of about 10 to 100 cycles is formed.
The frequency difference generated by a delay time proportional to the distance of an object is detected by transmitting a signal obtained by frequency conversion of a difference from a received signal by a reflected wave from an object part by a mixer to a digital signal by an AD converter to obtain distance information. Alternatively, the transmission signal is subjected to pulse amplitude modulation so that the occupied frequency band width is about 3 GHz to 7 GHz out of 57.0–64.0 GHz. Normally, a pulse of several tens of picoseconds to several nanoseconds width is formed, thousands to tens of thousands of pulses are transmitted, a signal obtained by correlating a difference from a received signal by a reflected wave from an object part by a mixer is converted into a digital signal by an AD converter, and an amplitude of the correlation processing signal generated by a delay time proportional to the distance of the object is detected to obtain distance information. In order to suppress interference with other systems, the transmission signal is limited to be transmitted only at a time of 10 % or less of 33 msec. A mechanism is also provided to restrict the transmission signal from being transmitted in a specific situation.

	Operational Form
	not specifically defined

	Type of Radio Wave
	Radio types shall be F3N or K3N.

	Frequency Band
	From 57.0 GHz to 64.0 GHz

	Modulation System
	a)Frequency modulation and transmission by continuous wave method (excluding intermittent continuous wave method).
b)To transmit by pulse amplitude modulation.

	Antenna Power
	a)The antenna power shall be 0.01 W (10 dBm) or less when the modulation method is frequency modulation and transmission is performed by continuous wave method (excluding intermittent continuous wave method). The equivalent isotropic radiation power shall not exceed 13 dBm.
b)If the modulation scheme transmits by pulse amplitude modulation,
The peak value of the antenna power shall not exceed 12dBm.
The average antenna power shall not exceed 1 mW (0 dBm).
The cusp value of the equivalent isotropic radiation power shall not exceed 17 dBm.
The average value of the equivalent isotropic radiation power shall be 5 dBm or less.
The average value of the antenna power and the equivalent isotropic radiation power shall be the average value in the continuous pulse train to be fired, and the time when there is no continuous pulse train to be fired shall not be included in the average value.
When the interval between the pulse and the continuous pulse train is 3 μs or less, the pulse train is one continuous pulse train including the interval.

	Allowable Deviation of Antenna Power
	+50 %, -70 %

	Occupied Frequency Bandwidth
	7 GHz

	Out-of-band Region
	-26 dBm/MHz

	Spurious Region
	-30 dBm/MHz

	Antenna Gain
	not specifically defined

	Polarization Plane of the Antenna
	not specifically defined

	Radio Waves Emitted by the Receiver
	out-of-band region	-26 dBm/MHz
spurious region	-30 dBm/MHz

	Anti-Interference Function
	To discriminate a reflected wave of a radio wave transmitted by its own station from a radio wave transmitted by another radio station by discriminating a modulation method and other characteristics of a received radio wave.

	Transmission Time Limiting Device
	The total transmission time per 33 ms or more is 3.3 ms or less.
When the modulation method is pulse amplitude modulation, the transmission time is the sum of the transmission times of the consecutive pulse trains. Consecutive pulse trains are also allowed if there is more than one per 33 ms or more time.

	Function to Stop Radio Wave Emission
	In the case where the radio equipment for mobile object detection sensors has the function of simultaneously emitting multiple radio waves with other radio equipment housed in the same housing, it shall have the function of stopping the emission of only radio waves with a frequency exceeding 57 GHz but not exceeding 64 GHz, or of stopping the emission of multiple radio waves including radio waves with that frequency. In addition, when the radio equipment for the mobile object detection sensor has a function of independently emitting radio waves, it has a function of stopping the emission of radio waves.
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Figure 4 Adopted application of the peripheral monitoring
radar.
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