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[bookmark: _Hlk42090170]Question ITU-R 261/5
[bookmark: _Toc44056702]1	Introduction
There are around 1.5 billion road vehicles in the world, including trucks and buses. Connected Automated Vehicles (CAVs) have the potential to reduce crashes, thereby reducing traffic fatalities and crash-related injuries.  CAVs also provide information about congestion relief and traffic crashes for increased efficiency of traffic and comfortable driving.
There is a potential for CAVs to smooth traffic flows. This could reduce the congestion, increase fuel and energy economy, and increase the road and highway capacity. 
Higher levels of vehicle automation are currently under extensive development.  Wireless communication requirements are a consideration for inclusion of coordinated automated driving maneuvers and other advanced use cases in connected automated vehicle developments and deployments. Harmonization of frequency bands facilitates global markets and innovation. As well, spectrum harmonization may be the best approach to facilitate interoperability among CAVs.
CAVs are being planned to be or are deployed in various regions encompassing various stages of automation involving different levels of human intervention and radiocommunications for CAVs may be implemented in frequency bands already allocated to the land mobile service.  
This Report addresses overall objectives and radiocommunication requirements for CAVs, including the consideration of global or regional harmonization of frequency spectrum for CAVs.  
[bookmark: _Toc44056703]2	Vocabulary
[bookmark: _Toc44056704]2.1	Vocabulary of terms
[bookmark: _Toc44056705]2.2	Acronyms and abbreviations
	CAV
	Connected automated vehicle

	ITS
	Intelligent Transport System


[bookmark: _Toc44056706]3	Related ITU-R Texts
Recommendation ITU-R M.1452 “Millimetre wave vehicular collision avoidance radars and radiocommunication systems for intelligent transport system application”
Recommendation ITU-R M.1453 “Intelligent transport systems - Dedicated short range communications at 5.8 GHz”
Recommendation ITU-R M.1890 “Operational radiocommunication objectives and requirements for advanced Intelligent Transport Systems”
Recommendation ITU-R M.2057 “Systems characteristics of automotive radars operating in the frequency band 76-81 GHz for intelligent transport systems applications”
Recommendation ITU-R M.2084 “Radio interface standards of vehicle-to-vehicle and vehicle-to-infrastructure two-way communications for Intelligent Transport System applications”
Recommendation ITU-R M.2121 “Harmonization of frequency bands for Intelligent Transport Systems in the mobile service”
Report ITU-R M.2228 “Advanced intelligent transport systems (ITS) radiocommunications”
Report ITU-R M.2322 “Systems characteristics and compatibility of automotive radars operating in the frequency band 77.5-78 GHz for sharing studies”
Report ITU-R M.2444 “Examples of arrangements for Intelligent Transport Systems deployments under the mobile service”
Report ITU-R M.2445 “Intelligent transport systems (ITS) usage”
[Draft new] Report ITU-R M.[IMT.C-V2X] “Application of the Terrestrial Component of IMT for Cellular-V2X”
Handbook on Land Mobile (including Wireless Access) - Volume 4: Intelligent Transport Systems.
[Editor’s Note: currently being revised by Working Party 5A here]
[bookmark: _Toc44056707]4	Connected automated vehicles in the context of ITS 
There are some used terms related to CAV, which are connected vehicle (CV), automated vehicle (AV) and IoT based CAV (named as IoT-CAV). A vehicle is called as CV if V2X communication equipment is mounted and an Advanced ITS application is supported by using V2X connectivity. A vehicle is referred to as an AV if automobile sensors are mounted and autonomous driving applications are supported using automobile sensors only. A vehicle is referred to as a CAV if automobile sensors and V2X communication equipment are mounted and autonomous driving applications are supported using both automobile sensors and V2X connectivity. Recently, a vehicle is called as IoT-CAV if the ultra-connectivity using IoT device and platforms is applied for CAV. 
Figure 1 shows the relationship between applied technologies and vehicle intelligence level. The vehicles can be classified into Connected Vehicle (CV), Automated Vehicle (AV), Connected and Automated Vehicle (CAV) and IoT-CAV from the view of applied technologies and expected vehicle intelligence level. CAV contains the scope and contents of CV and AV domain to enhance the vehicle intelligence level. And IoT-CAV is the extended scope and contents of CAV by applying IoT technology.
FIGURE 1
Relationship between applied technologies and vehicle intelligence level
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Automated Vehicles (AVs), also sometimes referred to as driverless cars or autonomous vehicles, are under development by most of the major global automakers. Developments are important in technical areas, but also in regulatory areas, as the potential impacts on society become better understood. “The U.S. Government is actively pursuing a range of regulatory and non-regulatory activities that will enable the adoption of AVs, with the overall goal to facilitate the safe and full integration of AV technologies into the national surface transportation system. Integration would help realize the great potential AV technologies have for enhancing public safety, making systems more efficient, and facilitating economic vitality.”[footnoteRef:1] [1:  https://www.transportation.gov/sites/dot.gov/files/docs/policy-initiatives/automated-vehicles/360956/ensuringamericanleadershipav4.pdf] 

To better define what is meant by the term “AV”, SAE International has developed a standard description of six levels of vehicle automation, ranging from Level 0 – no automation, to Level 5 – full automation[footnoteRef:2].  These definitions of the six levels of driving automation should be discussed in any definition of CAVs, with a definitive selection of which of these levels should be included in a CAV definition. While the capabilities for Level 5 full automation in all conditions, have generated public expectations, the realization of Level 5 automation has not been as rapid as initially thought. We therefore suggest that Levels 3, 4 and 5 be included to form a major part of the ‘automated’ portion of the CAV definition. This is viewed as necessary, but not yet sufficient, for the overall CAV definition. [2:  https://www.sae.org/news/2019/01/sae-updates-j3016-automated-driving-graphic ] 

At a fundamental level, the ‘basic safety’ use cases; described, for example, in Report ITU-R M.2445-0 (11/2018) - Intelligent transport systems (ITS) usage, provide the foundational safety-of-operation required for CAVs. These use cases also provide the rationale for the inclusion of wireless communication capabilities as a basis for the definition of CAVs. Therefore, as the minimum connectivity requirement in the definition of CAVs, the advanced ITS radio interface standards in Recommendation ITU-R M.2084-1 (11/2019) - Radio interface standards of vehicle-to-vehicle and vehicle-to-infrastructure two-way communications for Intelligent Transport System applications should be used. Furthermore, CAV developments over the next two-to-three years can be expected to generate additional communication capabilities necessary for Level 5 – full automation.
[bookmark: _Toc44056708]4.1	Communication technologies
[bookmark: _Toc44056709]4.2	Multicast technologies
[bookmark: _Toc44056710]5	Radiocommunication elements for CAVs
[bookmark: _Toc44056711]6	Overall objectives and radiocommunication requirements for CAVs
[bookmark: _Toc44056712]6.1	Service requirements: service type, service concept, grade of service
[bookmark: _Toc44056713]6.2	Radiocommunication requirements: sensors, interoperability, radio interfaces, data rate, latency, reliability
From the view of wireless connectivity, V2X communication technology for CAV applications should support low latency and high reliability rather than the current radio communication technologies. 3GPP standard provides the categories of enhanced V2X applications and technical requirements in terms of packet size, data latency, reliability, and data rate. Based on the standards, the radio communication technology for CAV applications requires less than 10msec in packet latency and more than 90% packet success rate with an increased data rate to provide real-time video information and sensor’s data [1-4].
TABLE
Technical characteristics on Advanced ITS and CAV
	Items
	Advanced ITS
	CAV

	Applications 
	V2V based safety 
V2I based safety
	Platooning
Automated Valet Parking
Urban Driving 

	ITS Connectivity Scope 
	V2V, V2I/V2N, V2P
	V2V, V2I/V2N, V2P

	Radio Performance

	Typical Coverage Range
	Up to 1000m 
	Long range with seamless connectivity

	Packet size
	Average 300 bytes
	Maximum 6000 bytes 

	End to End Latency
	100msec
	About 10msec

	Packet Success Rate
	90%
	More than 90% 



The initial, and continuing, focus in most AV development has been upon onboard sensors to provide the necessary sensory inputs to the AV computational systems to enable automated operation. Thus, there have been major investments in video systems, radar systems, and LIDAR systems to provide these onboard sensors. These sensors replicate the human driver’s function of sight; and, arguably, can provide better reliability, detailed discrimination, and wide-angle coverage than human eyesight. This should allow better safety performance for vehicles with these systems that replace the human drivers’ eyesight.
There are functional limits to the onboard sensors, however, since these are inherently line-of-sight sensors. This limitation is shared by human vision. Wireless communication, however, offers the possibility to provide AVs with ‘extra-sensory’ perception. Besides detecting potential hazards hidden behind line-of-sight obstructions, wireless communication can allow AVs to share driving intentions, collectively negotiate and execute maneuvers and share onboard sensor data. These additional capabilities will greatly enhance the safety of AV operations.
[bookmark: _Toc44056714]6.3	Applications: safety, mobility, vehicular control, efficiency of the transportation system using CAVs, traffic and congestion management, signal preemption
Looking at worldwide R&D towards service deployment on CAV, typical applications include Platooning, Automated Valet Parking and Urban Driving. The communication system architecture of CAV is basically the same as that of Advanced ITS. 
Coordinated automated driving maneuvers are one of the main reasons that wireless communications are being viewed as critically important for AVs. One of the first use cases in this category is platooning but coordinated merging and coordinated lane changing are also being developed. The 3GPP Release 16 specifications are designed to support four categories of advanced use cases, including fully automated driving vehicle scenarios. These categories are:
•	Vehicles Platooning - enables the vehicles to dynamically form a group travelling together
•	Extended Sensors - enables the exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers. 
•	Advanced Driving - enables semi-automated or fully automated driving. 
•	Remote Driving - enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive themselves or a remote vehicle located in dangerous environments. 
All of the advanced use case categories described above require ubiquitous, highly reliable, low-latency wireless communications. Key performance indicators for these use cases were developed and used to guide the design of the 3GPP Release 16 capabilities. However, there are additional advanced use cases emerging for automated driving, for which communication requirements have not yet been developed. These requirements are expected to become better defined during the next two or three years as the developments in both technology and regulation become better understood for Level 5 automated driving.
[bookmark: _Toc44056715]6.4	Summary of CAV functionalities to meet the radiocommunication requirements
[bookmark: _Toc44056716]7	Radiocommunication systems that support CAV
Wireless communication technologies are on an accelerating innovation cycle. For example, the 3rd Generation Partnership Project (3GPP) plans to complete Release 16 Stage 3 and freeze the ASN.1 by June 2020, fully incorporating the New Radio access technology which is meant to satisfy the IMT-2020 performance requirements. In addition, 3GPP intends to complete Release 17 fully by February 2022. In Release 17, 3GPP intends to extend the flexibility of the cellular technologies into an expanding number of vertical industries. 
The IEEE has initiated IEEE P802.11-Task Group BD - “Enhancements for Next Generation V2X”[footnoteRef:3] which includes “Automated Driving Support” and Sensor Sharing” use cases, as well as the “Basic Safety” use cases currently supported by IEEE 802.11 and IEEE 1609.x WAVE standards. The IEEE 802.11bd standard is planned for completion by the end of 2021. [3:  http://www.ieee802.org/11/Reports/tgbd_update.htm ] 

The report will further provide details of capabilities, technical demands and operational characteristics associated with C-V2X using terrestrial component of IMT systems.

[bookmark: _Toc44056717]8	Spectrum requirements for CAV radiocommunication
[bookmark: _Toc44056718]8.1	Suitable frequency bands
Recommended spectrum for global and regional harmonization of ITS wireless communication was included in Recommendation ITU-R M.2121-0 (01/2019) - Harmonization of frequency bands for Intelligent Transport Systems in the mobile service. However, this Recommendation does not directly address emerging automated driving use cases. The spectrum needs for automated driving are expected to be clarified only over the next two-to-three years, as CAV development and resulting communication requirements become better known.
Spectrum other than that previously recommended for ITS may be desirable for CAV communications. For example, it may be possible that platooning and/or other very close range cooperative maneuvering communications could best be effectively supported in EHF (30-300 GHz) bands. Laboratory experimentation and field test results becoming available during this ITU-R study period are likely to identify suitable frequency bands, if any, for these types of communication, which could be specifically used for CAV use cases.
[bookmark: _Toc44056719]8.2	Spectrum bandwidth needed
One of the initial major considerations to answer Question ITU-R 261/5 is to determine whether the 5 850-5 925 MHz spectrum indicated in Recommendation ITU-R M.2121-0 is suitable and sufficient to support CAV communication requirements. In any event, at least a symbiosis for CAV communications with existing ITS wireless communications appears to be desirable.
[bookmark: _Toc44056720]9	Spectrum harmonization
Interoperability is of critical importance for safety-related CAV functions. This is especially true for peer-to-peer wireless communications among CAVs and between CAVs and infrastructure, since these types of communications do not depend upon commercial wireless networks, which have been used in the past to provide limited intermediation among different generations of wireless technologies. Peer-to-peer safety-related communications, such as Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I), could therefore likely greatly benefit from harmonization of spectrum. This would support interoperability for vehicles and infrastructure among different Administrations and potentially among different Regions.
Specific CAV functions currently developed, or currently in planning stages, and which are likely to benefit from spectrum harmonization, include, for example:
•	Basic crash-avoidance vehicle safety
•	Automated platooning
•	Sensor sharing
•	Advanced Driving with Intent/Trajectory Sharing
The rationale for inclusion of basic crash-avoidance safety functions in the CAV category, rather than just in the connected vehicle portion of ITS, is that it will be important for CAVs to communicate with less-automated connected vehicles at a basic safety level, in addition to the communications required among CAVs to support the more advanced CAV functions.
[bookmark: _Toc44056721]10	Relevant provisions in the Radio Regulations 
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