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[bookmark: _Hlt454183980][bookmark: _Toc463513012]5.1.1	Terms and definitions
[Editor´s note: following terms and definitions should be revised in the document according to the following]
	Dedicated Short Range Communication (DSRC)
	Europe: road tolling and similar applications

	
	North America: vehicle-to-vehicle and vehicle –to-infrastructure communication based on IEEE 802.11p / WAVE technology in 5.9 GHz, comparable to C-ITS based on IEEE 802.11p / ITS-G5 in Europe.

	
	Japan: technology for ETC, road tolling and vehicle-to-infrastructure traffic information systems

	Legacy ITS
	· TTT: Transport and Traffic Telematic, mainly in Region 1, also called DSRC in Europe 
· CEN DSRC tolling
· HDR DSRC tolling, 
· ETC: In Japan, Korea and China

	Advanced ITS
	Cooperative ITS (C-ITS) building on ad hoc networks with vehicle-to-vehicle (V2V) and vehicle-to-infrastructure communication (V2I), together called vehicle-to-X (V2X), e.g. 
· V2X (ETSI ITS-G5, IEEE 802.11p) or V2X (ETSI ITS-G5)
· V2X (LTE based V2X)
· V2X (WAVE, IEEE 802.11p) or V2X (WAVE), also called DSRC in US


The term DSRC has different meanings in the regions. Therefore the term DSRC is not used in this report. Instead all ITS technologies in this document are structured in the legacy ITS (already existing in the market for several years) and advanced ITS (shortly deployed or in deployment phase).
[Editor´s note: The sentence above requires to review the document according to above definitions.]
[bookmark: _Toc463513013]5.1.2	Technical characteristics
Table 1
Technical characteristic of legacy ITS and advanced ITS
	Items
	Legacy ITS
	Advanced ITS

	Technologies
	TTT
ETC
	ETSI ITS-G5, IEEE 802.11p
WAVE, IEEE 802.11p
LTE-V2X

	Vehicular networking
	V2I
	V2X includes  V2I, V2V, V2N, V2P

	Radio performance
	Radio coverage: Max. 100 m
Data rate:  ~ 4 Mbps
Packet size: ~100 bytes
	Radio coverage: Max. 1 000 m
Data rate: Max. 27 Mbps 
Packet size: Max. 2 kbytes
Latency: within 100 msec
within 1000 msec for V2P
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[bookmark: _Toc463513032]7.1	Overview
Since 1994, Vehicle Information and Communication System (VICS) was used in Japan for delivering traffic and travel information to road vehicle drivers. 
Nowadays, to extend beyond the existing ITS applications and to enhance traffic safety and reduce the environmental impact by the transportation sector, vehicle-to-vehicle (V2V), vehicle‑to‑infrastructure (V2I), infrastructure-to-vehicle (I2V), vehicle-to-network (V2N), vehicle‑to-pedestrian (V2P) communications are studied. According to this progress, ITU-R WP 5A has developed report on advanced ITS radiocommunications [8]. In the report, legacy ITS and advanced ITS are classified by its technical characteristics as shown in table 6. V2X (WAVE), V2X (ETSI ITS-G5) and V2X (LTE based V2X) technologies could be inclusive in advanced ITS category.
WAVE is a dedicated mobile radiocommunication system for providing non-voice communications among vehicles that travel on roads, rails, or other dedicated facilities; as well as between those vehicles and the transportation infrastructure. WAVE is therefore a fundamental technology for ITS communications, helping link roads, traffic and vehicles covered by ITS deployment with coordinated, interoperable information technology. This particular wireless technology could be transformational to the evolution of transportation systems, since it provides very localized, low latency communications capabilities on a peer-to-peer basis. These capabilities are intended to support the planned, as well as the still unforeseen, data needs of the evolving, more automated, future transportation system. WAVE systems specifically utilize the broadcast mode of operations as the primary means to support public benefits; and also communicate using two-way communications between vehicles and infrastructure, including the ability to provide lower priority messages related to the specific units involved in a variety of public and private transportation environments.
WAVE is being pursued in the United States “to improve traveler safety, decrease traffic congestion, facilitate the reduction of air pollution, and help to conserve vital fossil fuels”6, and as a particular focus in the United States, to reduce highway fatalities7. Although not yet widely deployed, the United States has developed multiple applications, a number of which have been tested in large-scale field tests or operated in model deployments[footnoteRef:1]. This progress has provided the United States with extensive knowledge of these applications that contribute to transportation safety, mobility and environmental stewardship in the context of advanced ITS. The WAVE ITS applications are designed to perform operations related to the improvement of traffic safety and traffic flow, as well as other intelligent transport service applications, including enhancing transportation systems efficiencies and operations (for example, facilitating roadway freight movements or transportation management during emergency responses). The main points of focus for the US deployment of advanced ITS applications using WAVE communications include: nationwide interoperability; long-term technical stability; voluntary industry standards; and support for public benefits.  [1:  	"Collaborative Connected Vehicle Research Update" (http://www.its.dot.gov/presentations/pdf/V2V_Collaborative_Research_MikeLukuc2013.pdf) at 10-12; “Safety Pilot Model Deployment: Lessons Learned and Recommendations for Future Connected Vehicle Activities” (http://ntl.bts.gov/lib/59000/59300/59361/FHWA-JPO-16-363.pdf) at 11-12; “CV Applications Already Deployed by Responding Agencies” (http://transops.s3.amazonaws.com/uploaded_files/V2I%20DC%20TWG%201%20-%20January%2028%2C%202016%20Webinar%20Slides%20V3.pptx) at 30; “Maricopa County Department of Transportation (MCDOT) SMARTDriveSM Program” (http://www.mcdot.maricopa.gov/business/connected-vehicles.aspx); “Connected Vehicle Pilot Deployment Program Phase 1: Concept of Operations (ConOps) - New York City” (http://ntl.bts.gov/lib/59000/59300/59360/FHWA-JPO-16-299.pdf) at 36; “Connected Vehicle Pilot Deployment Program: ICF/Wyoming Concept of Operations” (http://www.its.dot.gov/pilots/pdf/ICF_ConOpsWebinar_02042016.pdf) at 34.] 

Cooperative ITS communication (C-ITS) has to be based on standardized and interoperable wireless ad-hoc communication systems. The interoperability has to be guaranteed at least in the different worldwide regions. This interoperability requirement does not imply the use of exactly the same system in all regions, e.g. C-ITS in Europe in 5.9 GHz is mainly based on IEEE 802.11p and ETSI ITS-G5, whereas the US implementation in 5.9 GHz is based on the slightly different IEEE 802.11p and WAVE system as described above. For these technologies the standards are finished, intensive testing and validation has taken place, first implementations done and deployment is planned. [Other systems e.g. based on LTE-direct are in an early development stage.] Most of the actual discussed systems are based on a well-established access layer (PHY-layer and MAC-layer) standardised by IEEE802 as IEEE802.11p, which is part of the IEEE802.11-2012 set of standards. 
In the majority of regions, a frequency band in the range between 5 850-5 925 MHz (up to 75 MHz bandwidth) has been chosen/picked as the main band of operation for the upcoming traffic-safety related C-ITS. In addition, the frequency band 63 GHz to 64 GHz has been designated for traffic safety related applications under the Mobile Service in CEPT. 
Worldwide a broad range of standardisation organisation are involved in the standardisation of C‑ITS. The main actors with a strong support from the Automotive Industry are the US activities around IEEE/WAVE/SAE and the European activities around ETSI TC ITS. These activities are backed by industry consortia CAMP (Crash Avoidance Metric Partnership) in the US and the C2C‑CC (CAR-to-CAR Communication Consortium) in Europe.
The C2C-CC as an industry driven, non-profit association of 16 European vehicle manufacturers, 37 suppliers and 28 research organisations, dedicated to realise cooperative road traffic and herewith increase traffic safety, efficiency and driving comfort. The C2C-CC plays an important role in the development of European standards for C-ITS and cooperates closely on C-ITS with the CAMP consortium in the US. To align and harmonising the C-ITS roll-out in vehicles and traffic infrastructure in Europe by 2019 the consortium engages in the Amsterdam Group. This is a strategic alliance of the CAR 2 CAR Communication Consortium, the ASECAP (Association of operators of toll road infrastructures), CEDR (Conference of European Directors of Roads) and POLIS (European Cities and Regions Networking for Innovative Transport Solutions). Furthermore, the consortium actively contributes to the work of the C-ITS Deployment Platform organised by the European Commission.
The C2C-CC participated in the initial design of vehicle-to-vehicle communications technologies through the publication of a manifesto. It also helps validating the C-ITS systems by getting involved in FOT (Field operational tests) and ongoing cross-border C-ITS corridor projects and focusing on interoperability testing.
In 2007 the CAR 2 CAR Communication Consortium published the Manifesto on its website[footnoteRef:2]. The document built the basis for the first interoperability demonstration shown 2008 at the Opel testside in Dudenhofen.  [2:  	https://www.car-2-car.org/index.php?id=31 ] 



The document describes the C-ITS scenarios for improving safety and traffic efficiency as well as using the communication system for infotainment and other purposes. From the scenarios, the system prerequisites and constraints are derived and the system architecture developed. The architecture describes the communication principles, the individual components, the layers’ architecture and related protocols. The further chapters describe the applications, the radio and communication system as well as data security and privacy.
This document specifies the standard profile that enables interoperability of C-ITS units. The first Basic System Profile (BSP) version was released for C2C-CC internal usage by end of 2014. The latest revised BSP version will be published by sharing it with the Basic Members of the consortium by May 2016. It contains a system specification complemented by a selection of standards and parameters. It allows to test the aspects that are going to be used by “day one” applications.
Advanced ITS is now also supported by 3GPP technologies and world wide standards. 
3GPP is activelyhas developeding thestandard specifications to enable the use of LTE mobile networks to provide connectivity between vehicles, roadside infrastructure and pedestrians inside and around the connected vehicles. The feasibility studies on LTE based communication have been recently completed and published in Technical Reports. , i.e. targeting all main V2X use cases and requirements: Vehicle-to-vehicle (V2V), vehicle-to-pedestrians (V2P), and vehicle-to-infrastructure (V2I). use cases and system requirements are identified in. Operational scenarios, evaluation methodologies and required radio access enhancements are identified in. Work has started in the relevant working groups to The work item “Support for V2V services based on LTE sidelink” was completed in August 2016. The work item “LTE-based V2X services” has been completed in March 2017 (ASN.1 to be frozen in June 2017).
3GPP Rel-14 specifyies the vehicle-to-everything (V2X) system and radio access requirementsnetwork, where both PC5 (device-to-device direct link) and Uu (link between base station and device) are included, supporting transmission in existing mobile allocations up to 6 GHz (e.g.in the  ITS 5.9 GHz band).  Direct communication without network assistance is also supported, More details can be found in section 7.2.3 below.
, in 3GPP Release 14. The 3GPP study targets at supporting LTEbased V2X transmission in existing mobile allocations up to 6 GHz. [The initial set of V2V core specifications will be available by September 2016, and performance requirements will be available by March 2017. V2X core and performance specifications will follow by March 2017 and September 2017, respectively. 
xxxx
3GPP is also looking at continuously evolving the V2X services in its coming releases including 5G. Future V2X releases will support, e.g. enhanced safety use cases at higher vehicle speeds and challenging road conditions with its improved reliability, extended range, low latency, and enhanced non-line-of-sight (NLOS) capabilities.; tTherefore, further 3GPP V2X enhancements is are also being studied inexpected, from Rel-15 onward.] 
China started to develop trials of LTE based V2X communication technology (LTE-V2X) to verify road safety and non-road safety applications from 2015.
[bookmark: _Toc423354290][bookmark: _Toc463513033]7.2	Technical characteristics
Table [X]
Technical characteristic of Advanced ITS
	Items
	V2X (WAVE)
	V2X (ETSI ITS-G5)
	V2X (LTE based V2X)

	Technologies
	WAVE, 
IEEE 802.11p
	ETSI ITS-G5
IEEE 802.11p
	LTE based V2X
3GPP tbd

	Vehicular networking
	V2V, V2I, V2P
	V2V, V2I,  V2P
	V2V, V2N, V2I, V2P

	Radio performance
	Radio coverage: Max. 1 000 m
Data rate: Max. 27 Mbps 
Packet size: Max. 2 kbytes
Latency : within 100 msec
	Radio coverage: Max. 1 000 m
Data rate: Max. 27 Mbps 
Packet size: Max. 2 kbytes
Latency : within 100 msec
	Radio coverage: Max. 1 000 m
Data rate: Max. 27 Mbps 
Packet size: Max. 2 kbytes
Latency : within 100 msec
within 1000 msec for V2N




Vehicle information & Communication (V2V, V2I, I2V)
[image: ]
7.2.1 	V2X (WAVE)
On-board equipment (OBE): The OBE consists of communications and processing equipment installed in vehicles to enable WAVE communications with other vehicles and infrastructure, and support WAVE-enabled applications. OBEs may be most effective when integrated into the vehicle and able to interface with other on-board equipment such as the vehicle’s sensor suite, anti-lock braking system, and other subsystems, allowing it to complement these existing systems.  
Roadside unit (WAVE RSU): A WAVE RSU is installed above or alongside the road or other infrastructure and communicates with passing OBEs by the use of radio signals. An RSU consists of radio communication circuits, an application processing circuit and related equipment. It usually has data linkages to traffic management centers (TMCs) and to other roadside equipment (such as traffic signal controllers), as well as to the Internet to exchange data and to maintain security credential information.
The WAVE systems operate by transmitting radio signals for the exchange of data among vehicle-mounted OBEs, and between OBEs and infrastructure-based RSUs. By adhering to requirements set by industry standards, these systems accomplish a data exchange that ensures that data is interoperable across a wide range of device and application manufacturers. Interoperability is key to support the rapid, standardized adoption of applications that deliver critical safety related, system and operational efficiencies, and other public benefits.
Much of the information to complete the following tables comes from Std 802.11-2012[footnoteRef:3]. [3:  	IEEE Std 802.11TM-2012, IEEE Standard for Information technology - Telecommunications and information exchange between systems - Local and metropolitan area networks - Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications.] 


The modulation used for WAVE is ‘half-clocked’ OFDM on 10 MHz channels.  Below are basic OFDM transmitter and receiver block diagrams:

Transmitter and Receiver[footnoteRef:4][image: ] [4:  	USDOT diagram based upon Std 802.11-2012 and generic OFDM principles.] 


Adjacent and Next-Adjacent Channel Rejection Receiver Characteristics[footnoteRef:5] [5:  	Based upon information from IEEE Std 802.11TM-2012, IEEE Standard for Information technology - Telecommunications and information exchange between systems - Local and metropolitan area networks - Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications; at 1612 - 1613.] 

	Modulation
	Coding Rate
	Receiver Performance (dB)
	Optional Enhanced Receiver Performance (dB)

	
	
	Adjacent Channel Rejection
	Next Adjacent Channel Rejection
	Adjacent Channel Rejection
	Next Adjacent Channel Rejection

	BPSK
	1/2
	16
	32
	28
	42

	BPSK
	3/4
	15
	31
	27
	41

	QPSK
	1/2
	13
	29
	25
	39

	QPSK
	3/4
	11
	27
	23
	37

	16-QAM
	1/2
	8
	24
	20
	34

	16-QAM
	3/4
	4
	20
	16
	30

	64-QAM
	2/3
	0
	16
	12
	26

	64-QAM
	3/4
	-1
	15
	11
	25




Maximum STA transmit power classification for the 5.85–5.925 GHz band in the United States[footnoteRef:6] [6:  	IEEE Std 802.11TM-2012, IEEE Standard for Information technology - Telecommunications and information exchange between systems - Local and metropolitan area networks - Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications; Annex D.] 

	STA transmit power
classification
	Maximum STA transmit power
(mW)
	Maximum permitted EIRP
(dBm)

	A
	1
	23

	B
	10
	33

	C
	100
	33

	D
	760
Note that for this class higher power is permitted as long as the power level is reduced to this level at the antenna input and the emission mask specifications are met.
	33 for nongovernment
44.8 for government



Spectrum mask data for 10 MHz channel spacing4
	STA transmit power class
	Permitted power spectral density, dBr

	
	± 4.5 MHz offset (±f1)
	± 5.0 MHz offset (±f2)
	± 5.5 MHz offset (±f3)
	± 10 MHz offset (±f4)
	± 15 MHz offset (±f5)

	Class A
	0
	–10
	–20
	–28
	–40

	Class B
	0
	–16
	–20
	–28
	–40

	Class C
	0
	–26
	–32
	–40
	–50

	Class D
	0
	–35
	–45
	–55
	–65




Transmit spectrum mask for 10 MHz OBE transmission (Class C typical)[footnoteRef:7] [7:  	USDOT diagram based upon Std 802.11-2012.] 

[image: ]

7.2.2 	V2X (ETSI ITS-G5)
[Editor’s note: Text to be added]
[bookmark: _Toc423354291][bookmark: _Toc463513034]
7.2.3 	V2X (LTE based V2X)
Note: this Section is to be replaced by Annex 2 - Summary for WI “LTE-based V2X Services”
V2X (LTE based V2X) as one enabling technology of advanced ITS, is based on LTE system, and supports both telematics and road safety related applications.
3GPP is working on development of V2X (LTE based V2X) technical specifications, and CCSA is also working on standardization studies of V2X (LTE based V2X) technology with enhancements according to Chinese traffic circumstances.
The general architecture of LTE based V2X can be found in Figure [X], LTE based V2X consists of Uu interface via cellular network, and PC5 interface via direct link for communication between vehicle to vehicles (V2V), vehicle to pedestrian (V2P), vehicle to infrastructures (V2I), and vehicle to network (V2N). LTE based V2X could be operated under the coverage of cellular network, which is called as “in coverage” scenario (IC), as the services are controlled by network. Meanwhile, the “out of coverage” scenario (OoC) is also supported by LTE based V2X, considering the V2X road safety related applications, which should be supported regardless of network deployment.
Figure [X]
Two interfaces of LTE-based V2X
[image: ]
The typical telematics applications can be supported via the Uu interface. For road safety related applications, both PC5 and Uu interfaces are able to support the LTE-V2X in order to meet the associated service requirements with more efficiently and reliably.
[The PC5 interface is designed based on the existing LTE Device-to-Device (D2D) communication technology with more enhancements in resource allocation, physical layer structure, and synchronization, in order to meet the V2X transmission requirements. SC-FDMA and multiple (re)transmissions are inherited from LTE D2D. Multiple (re)transmissions can ensure the reception performance and reliability. Furthermore, both of the centralized and distributed resource allocation mechanisms are supported for V2X communication. The centralized resource assignment is valid within network coverage, eNB could provide dynamic scheduling or semi-persistent scheduling base on traffic circumstances. For the distributed resource mechanisms, it could be supported regardless the network control, and a detailed sensing with semi-persistent transmission mechanism is specified in order to decrease the potential transmission collision and keep high reliability. From the synchronization perspective, LTE-V2X rely on a precise external synchronization signal Three kinds of synchronization references are supported using an external GNSS module, eNB or another vehicle.  For the out-of-coverage scenario, GNSS case has a higher synchronization priority in order to obtain a good system performance.
For the Uu interface, the road safety related V2X messages can be transmitted to the cellular network via Uu uplink and be forwarded to the vehicles, which and individually operate components via Uu downlink. To accommodate the broadcast nature of V2X messages, the SC‑PTM (Single Cell Point To Multipoint) and MBSFN (Multicast-Broadcast Single-Frequency Network) technologies are both investigated and supported in LTE-V2X with necessary enhancements.] 
7.3	Frequency usage
<SKIP>

[bookmark: _Toc463513035]7.4	Standardization
Table [X] 
Global Standards and technical specifications on Advanced ITS radiocommunication
	SDO
	Standard No.
	Title

	ITU
	ITU-R M.1890
	Intelligent transport systems - Guidelines and objectives

	
	Report ITU-R M.2228
	Advanced intelligent transport systems (ITS) radiocommunications

	
	ITU-R M.2084
	Radio interface standards of vehicle-to-vehicle and vehicle-to-infrastructure communication for intelligent transport systems applications

	ETSI
	TR 102 638
	Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Definitions

	
	TS 102 637 series
	Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications

	
	EN 302 637-2
	ITS-Vehicular Communications; Basic Set of Applications; Part 2: Specification of Cooperative Awareness Basic Service.

	
	EN 302 637-3
	ITS-Vehicular Communications; Basic Set of Applications; Part 3: Specifications of Decentralized Environmental Notification Basic Service.

	
	EN 302 665
	Intelligent Transport Systems (ITS); Communications Architecture

	
	TS 102 636 series
	Intelligent Transport Systems (ITS); Vehicular Communications; GeoNetworking;

	
	EN 302 636-4-1
	Intelligent Transport Systems (ITS); Vehicular Communications; GeoNetworking; Part 4: Geographical Addressing and Forwarding for Point‑to-Point and Point-to-Multipoint Communications; Sub-Part 1: Media-Independent Functionality.

	
	TR 101 607
	Intelligent Transport Systems (ITS); Cooperative ITS (C-ITS); Release 1

	
	TS 102 894-2
	ITS-Users and applications requirements; Part 2: Applications and facilities layer common data dictionary. Dictionary of definitions used by other ETSI TC ITS standards.

	
	TS 102 890-3
	ITS – Facilities layer function; facility position and time management.

	
	EN 302 895
	Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Local Dynamic Map (LDM)

	
	TS 101 556-1
	Intelligent Transport Systems (ITS); I2V Applications; Electric Vehicle Charging Spot Notification Specification

	
	TS 101 556-2
	Intelligent Transport Systems (ITS); Infrastructure to Vehicle Communication; Part 2: Communication system specification to support application requirements for Tyre Information System (TIS) and Tyre Pressure Gauge (TPG) interoperability

	
	TS 101 539-1
	ITS – V2X Applications; Part 1: Road Hazard Signalling (RHS) application requirements

	
	TS 101 539-3
	ITS – V2X Applications; Part 3: Longitudinal Collision Risk Warning (LCRW) application requirement specification.

	
	TS 102 792
	Intelligent Transport Systems (ITS); Mitigation techniques to avoid interference between European CEN Dedicated Short Range Communication (CEN DSRC) tolling equipment and Intelligent Transport Systems (ITS) operating in the 5 GHz frequency range.

	
	ETSI EN 302 571
	Intelligent Transport Systems (ITS); Radiocommunications equipment operating in the 5 855 5 925 MHz frequency band; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU 
The update of this standard is actually in the EN approval process and should be available until the end of 2016

	
	ETSI EN 302 686
	Intelligent Transport Systems (ITS); Radiocommunications equipment operating in the 63 GHz to 64 GHz frequency band; Harmonised Standard covering the essential requirements of article 3.2 of the Directive 2014/53/EU
This standard is under revision and a final draft of the new release should be available until the end of the year 2016

	
	ES 202 663
	Intelligent Transport Systems (ITS); European profile standard for the physical and medium access control layer of Intelligent Transport Systems operating in the 5 GHz frequency band

	IEEE
	IEEE 802.11-2012
	Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications 

	
	IEEE 1609
	Family of Standards for Wireless Access in Vehicular Environments (WAVE)

	
	
	- IEEE 1609.0-2012 - IEEE Guide for WAVE – Architecture

	
	
	- IEEE 1609.2 -2016- IEEE Standard for WAVE - Security Services for Applications and Management Messages

	
	
	- IEEE 1609.3 -2016 – IEEE Standard for WAVE - Networking Services

	
	
	- IEEE 1609.3 -2010/Cor 1-2012 – IEEE Standard for WAVE – Networking Services Corrigendum 1: Miscellaneous Corrections

	
	
	- IEEE 1609.3 -2010/Cor 2-2014 – IEEE Standard for WAVE – Networking Services Corrigendum 2: Correct identified errors

	
	
	- IEEE 1609.4 -2016- IEEE Standard for WAVE - Multi-Channel Operations

	
	
	- IEEE 1609.4-2010/Cor 1-2014 – IEEE Standard for WAVE – Multi-channel Operation – Corrigendum 1: Correct identified errors

	
	
	- IEEE 1609.11-2010 – IEEE Standard for WAVE – Over-the-Air Electronic Payment Data Exchange Protocol for ITS

	
	
	- IEEE 1609.12-2016 – IEEE Standard for WAVE – Identifier Allocations

	SAE
	J2735-2009
	Dedicated Short Range Communications (DSRC) Message Set Dictionary

	[bookmark: _GoBack]3GPP
	TR 22.885[Technical reports]
	TR 22.885 Study on LTE support for Vehicle to Everything (V2X) services, 3GPP
TR 36.885 Study on LTE-based V2X services, 3GPP

	
	TR 36.885
	Study on LTE-based V2X services

	
	23.785
	Study on architecture enhancements for LTE support of V2X services

	
	22.185
	Service requirements for V2X services

	
	23.285
	Architecture enhancements for V2X services

	
	36.213
	Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures

	
	36.212
	Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding

	
	36.211
	Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation

	
	36.331
	Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification

	
	36.321
	Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification

	
	36.323
	Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data Convergence Protocol (PDCP) specification

	
	36.300
	Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2

	
	36.302
	Evolved Universal Terrestrial Radio Access (E-UTRA); Services provided by the physical layer

	
	36.304
	Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode

	
	36.413
	Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1AP)

	
	36.423
	Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 Application Protocol (X2AP)

	
	36.443
	Evolved Universal Terrestrial Radio Access Network (E-UTRAN); M2 Application Protocol (M2AP)

	
	36.101
	Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception

	
	36.133
	Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management
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