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Abstract: This contribution proposes that Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I), Vehicle to Pedestrian (V2P) and Vehichle to Home (V2H) communication should be considered to be addressed in Release 14 starting from analysis of the use cases and requirements in SA1.
1. General
1.1. What is V2X?
V2X communication is the passing of information from a vehicle to any entity that may affect the vehicle, and vice versa. This information exchange can be used for a host of safety, mobility and environmental applications to include driver assistance and vehicle safety , speed adaptation and warning, emergency response, safety, traveller  information, navigation,  traffic operations and demand management, personal navigation, commercial fleet planning and payment transactions.  There is significant societal benefit and commercial value to delivering safety, mobility and convenience applications that rely on V2X.
1.2. What does V2X cover?
V2X applications span a host of media.  Basic elements of V2X are the vehicle (V) and its connectivity to any other Intelligent Transportation System (ITS) station.  Therefore, V2X includes transceivers located on vehicles, mounted on the roadside infrastructure, in aftermarket devices, or within handheld devices. V2X communication may occur in some of the following contexts:
Vehicle to Vehicle Communication
· Passenger vehicle

· Commercial or fleet vehicle

· Emergency vehicle

· Transit vehicle

Vehicle to Infrastructure Communication
· Data centre

· Fleet or freight management centre

· Traffic management centre

· Weather service

· Rail operation centre

· Parking system

· Toll system

Vehicle to Pedestrian (or other vulnerable road users) Communication
· Cyclist

· Pedestrian shelter

· Motorcycle

Vehicle to Home Communication
· Home network

· Garage
· Enterprise or dealer networks

1.3. Why is V2X important?
The V2X safety argument is complex, compelling and important.  It can be briefly made within three broad use cases –
· Consider V2V safety:  The USDOT claims that 82% of crash types associated with unimpaired driving can be addressed by V2V communication [1]. The V2V market may be transformed by a potential USDOT public rulemaking, with some timelines suggesting that if it materializes, the worldwide market of about 60 million cars per year will eventually open to DSRC transceivers.
· Add to this the V2I use case: The American Association of State Highway and Transportation Officials (AASHTO) estimates that by 2040, 80% of signal intersections in the United States will have V2I communication, primarily to transmit traffic signal phase and timing [2].  The promise of V2I spans continents.  For example, seven European cities are working with the European Commission to explore and promulgate initial deployment [3]. 
· Expand to worldwide pedestrian or vulnerable road use safety:  Up to 270,000 annual road fatalities could be addressed by V2P communications [4].  Pedestrians are increasingly likely to carry mobile phones, piquing V2P concepts of operation and concomitant message set and performance standardization activities jointly undertaken by ETSI-ITS Working Group 1 (Applications) and the SAE DSRC Technical Committee.  The concept is that if the use is compelling, all mobile phones sold worldwide could participate in V2P safety.
Add to this the fact that V2X communication is not limited to safety of life use cases.  Consider the widely accepted and broad definition of V2X, which is use of communication with any mobile ITS station.  Referencing the USDOT Connected Vehicle Reference Implementation Architecture (CVRIA), V2P communication flows are characterized by several parameters [5]. Parameters most germane to 3GPP include:
· Cardinality can be one-to-one, one-to-few, one-to-any and one-to-many.  Similarly, there are no constraints to directionality.

· Latency must be low for V2X “safety of life” applications.  However, there are V2X applications that do not heed quality of service often ascribed to V2X.
· Proximity can span the gamut.  V2X can be hyperlocal (within meters), local area (within 100s of meters), or wide area.
This broad, fundamental definition enables V2X to encompass a significant range of mobility applications that span safety, personal and societal mobility as well as ‘green’ transportation.  It can be argued that the corresponding use cases can be specified to benefit individuals in order to provide not only safety but also convenience and comfort.  
1.4. What is DSRC?

Dedicated Short Range Communications (DSRC) is two-way wireless communication envisioned for automotive use, with interoperability between vehicles (V2V) and the traffic signal infrastructure (commonly called V2I) built upon IEEE 802.11p Wireless Access for Vehicular Environments (WAVE) and architecture, security and message protocols standards (IEEE 1609.x in the US and a host of ETSI facilities layer standards).  There are ETSI and SAE message set standards, as well as corresponding data elements from infrastructure operators.  

While the term “DSRC” is commonly used in North America and Asia, it is referred in Europe as the ITS G5 band to differentiate the 5.9 GHz “V2X” band from 5.8 GHz tolling.  This 5.8 GHz tolling is called DSRC in Europe and elsewhere.  Moreover, the use of 5.9 GHz is not standardized; in the United States 75 MHz of licenced, free spectrum is allocated across seven half-clocked 10 MHz bands (two of which are safety channels), whereas in Europe 30 MHz is allocated to ITS G5.  Other regions of the world do not have such frequency allocations.  This brings forward that despite interference and mitigation arguments in Europe, spectrum sharing (with U-NII-4) and security concerns, there is in the United States and Europe, strong arguments but not absolute certainty that 5.9 GHz versions DSRC will be deployed.  There is less certainty for 5.9 GHz deployment in other regions of the world.
It is important to further differentiate the primary initial DSRC use case in the United States (V2V safety) and Europe (near real-time alert or warning of road conditions).  Clearly, there is no unanimity in deployment model and use case, and with that lack of clear and near-time DSRC use cases, there is a significant and valuable opportunity for 3GPP address a host of V2X use cases.
Finally, consider also several characteristics of DSRC:
· High mobility performance (240 kmph relative approach speeds) with short broadcast messages
· Limited power and thus, limited nominal range (300 m)

· Privacy by design, requiring cumbersome asymmetric security structure and potentially extensive Public Key Infrastructure (PKI)

· Freely  available to all since ‘hard safety’ is considered by many a for-public-good service, particularly if it is mandated

2. 3GPP Role

2.1. Why should 3GPP get involved in V2X?

The wide variety of use cases cannot only be met with a short-range radio solution working in a peer to peer manner. Some V2X use cases require infrastructure assistance for communication, and some use cases can make use of smaller scale infrastructure such as small cells or methods such as relaying.

It is proposed in this paper that the 3GPP has a role to play in defining, examining and acting on the variety of use cases to support the V2X effort. 3GPP infrastructure and 3GPP ProSe can act in support and enhancement to DSRC to fulfil many use cases. There is also the opportunity for 3GPP to investigate modifications and enhancements to ProSe to meet or improve the performance of short range communications in terms of:

· spectral efficiency

· effective range

· bandwidth and throughput

· error resiliency
· improved latency

2.2. ProSe

In Release 12, Proximity-based Services (ProSe) allows a UE to discover another UE within an authorized range either directly or with the network assistance. The discovery process is under network control, and provides additional service related information to the discoverer UE. In addition, for Public Safety use, the UEs within the allowed range are able to directly communicate with each other using group based communication. 

In Release 13, there are plans for further enhancements to ProSe to support restricted discovery and targeted discovery, in which the user is able to control who can discover him/her, and to operate in a mode to only announce upon a request. The one-to-one communication and relay support are also considered to be added for direct communication. 

All these features can find a good application in the V2X use cases. However, in Release 12 and Release 13, the ProSe has been designed for use with pedestrian mobility speed. It would therefore not be able to be used directly for V2X. For example, the physical channel assumptions may not be suitable for direct discovery and communication in vehicle speed, and UE to network signalling delays would limit its usefulness for V2X. Enhancements are necessary to adapt the ProSe system to support V2X. 
3. Use Cases

3.1. Introduction
This section proposes some example use cases for V2X in 3GPP. These use cases span from the high availability / low latency required for “hard safety” applications, to the more 3GPP-centric use cases of mobile small cells and radio operation within the reserved frequency bands for V2X communication.

3.2. Low Latency Safety / “Hard” Safety
It can be argued that the HALL properties of IEEE 802.11p and the higher layer implementation standards are optimized for hard safety.  Although we expect DSRC or G5 to be deployed in North America and in the European Union, DSRC will not likely be a globally deployed for safety applications due to issues such as availability of spectrum near 5.9 GHz. Even in North American and European deployments, channel congestion can be a major issue in exchange of V2V safety messages. Moreover, currently envisioned existing DSRC technologies, standards and spectrum allocation may not be extensible for future safety applications such as for vehicle automation applications; these applications may require significantly more near-real time information exchange between vehicles  (e.g.,  high resolution spatial data from  sensors  plus  additional geolocation and , high-definition map  data). 3GPP involvement with V2X could offload this data from DSRC channels, effectively alleviating channel congestion and allowing more flexibility in supporting future safety applications and vehicle automation. To accomplish this, the low latency and high mobility support may still be required of 3GPP for these applications.
One deployment model is that 3GPP communications would be filtered instead with sensors already on vehicles in a more conventional enhancements to Advanced Driver Assistance Systems (ADAS), but again in a similarly highly mobile and dense environment.  ADAS systems are becoming more widespread; they are high-value enhancements with costs borne by customers, and considering 3GPP connectivity as part of that purchased solution is clearly a use case that monetizes safety to the carrier.

The arguments should not be limited to V2V communication. Per Section 1.3, V2I communications could provide both WLAN benefits and WWAN connectivity.  Also described in that section is the prospect of handsets participating via 3GPP standardized approaches in V2P, offloading DSRC channel congestion and potentially providing some degree of V2P alert to the vehicle driver, the pedestrian or both.  
3.3. Higher Latency Safety / “Soft” Safety and Mobility
The CVRIA provides a host of use cases well-suited for higher latency safety and related personal and system mobility.  
To explain, consider that end-of-queue rear end crashes comprise nearly 50% of most freeway or expressway crashes [6]. In addition, nearly 50% of rear-end crashes on arterials occur at or near intersections [7]. Consider also that in many freeway and arterial links, non-recurring incidents (accidents) are generally acknowledged as the source of about 50% of congestion [8].    
It follows that some alert of the queue ahead or the traffic signal ahead will directly address the rear-end crash type  This alert need not be time critical; it may be several seconds to several minutes.  It need not be V2V; it could be a V2I, then an I2V, where “I” could be local and on the roadside or it could be a traffic management centre relay.  While low latency is not a necessary property, high availability with a congested environment and, again, operation with vehicle speeds is necessary.  
Given the relationship between end-of-queue crashes and non-recurring incident it also follows that a collateral benefit of addressing this dominant crash type in congested urban areas will be reduced congestion.  To add, given that the information is relayed to a traffic management centre, signal coordination and other demand-responsive operational strategies that reduce congestion and as a consequence minimize energy use and environmental impact may be enabled by such a communications network.
The concept of WLAN and V2I from the roadside or WWAN and V2I from a centre opens the collateral business opportunity for additional services to be delivered via the same channel, e.g., tolling or payment transactions to public and private entities, advertisements tailored by location (road segment) and customer relations management.
3.4. Mobile Small Cell 
Within a passenger car, a SmallCell base station can be installed. When the car is moving, the SmallCell base station can serve passengers within the car. Since the car supplies the power and can accommodate larger devices, the SmallCell base station can have much more powerful access link back to the network, e.g. more antennas, less power constraints. The UEs belonging to the passengers use the SmallCell base station as the backhaul to access the network. In addition to saving power and processing at the UEs, this concept also allows better spectral efficiency and reduces the mobility related signalling at the network.

When the vehicle is stationary, the SmallCell base station could also serve the surrounding areas as a hotspot. This concept is similar to a hybrid CSG cell and allows the car to be utilized to assist the operators to maximize the spectrum efficiency and offload UEs from macro cells. In order to avoid service interruption, the SmallCell base station may become a CSG cell when the car is about to move, handing over associated UEs outside the CSG to the macro cell. 

In order to support this use case, enhancements may need to be investigated on the technologies related to the SmallCell, e.g. SON enhancement to support the highly dynamic nature of V2X use case, fast CSG switch and handover handling, mobile relay.
3.5. Common Spectrum
For the V2X use, new spectrum may be made available, e.g. DSRC channels  outside of the control and safety channels, the 5GHz band for WiFi, and the Licensed Shared Access bands [9],[10]. These new spectrum allocations can be allowed for new applications that can be used for ADAS and ‘connected’ automated driving. 
As these applications, ADAS and automated driving, require access to information from WAN instead of local and direct communication, LTE could be used over the new spectrum for the purpose. This provides a readily useable system with guaranteed operation performance that has been fully tested. 
In order to support this use case, the LTE system needs to be enhanced to work with the new spectrum. In addition, LTE would be required to support the V2X use cases described in Section 3.2, as they emphasize reliable performance in a high mobility environment. For example, V2X communication can make use of ProSe/LTE-D in newly available spectrum, either to discover the existence of other vehicles, locate or decide the range between the two vehicles, and exchange safety messages, map data or other essential information. 

3.6. Localised Services

In the V2X use case, localized rich media data access is important since oftentimes, this information is only useful in a local context. It does not make sense for such information to be accessed or downloaded to the vehicle if it is not in the region, e.g., a high definition local map, regional rules and regulations, temporary updates, local warnings and signage, local business promotions, turn-by-turn guides. Such information is also not feasible to be accessed beforehand, due to the volume of data. 

To support that rich media access, a special device can be deployed locally, allowing the vehicle to fast download content while moving. 

4. Proposal
This contribution proposes that SA1 considers V2X communication as a work item for Release 14.
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