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Abstract: This use case allows for the eNB-implemented RSU to change the V2X cooperative message transmission characteristics of UEs in order to  optimize radio resource utilization and possibly avoid congestion. 

Discussion
Current V2X requirements call for a maximum message transmission rate of 10Hz. However, not all use cases require the same latency. For instance, Cooperative Adaptive Cruise Control (CACC), V2I/V2N Traffic Flow Optimisation, and Curve Speed Warning require 1000 ms latency. Road safety service via infrastructure require 500 ms. The 10 Hz transmission rate is the highest value required in order to respect the lowest required latency. 
ITS-G5 is the current vehicle-to-vehicle communication technology in Europe, based on 802.11p. In this technology, the repetition rate of the Cooperative Awareness Message (CAM) transmission is adjusted by a Decentralized Congestion Control (DCC) procedure in the station (i.e., UE) [1]. This procedure is used to minimize the potential congestion on the channel. If the channel is in a highly congested situation it may occur that older CAMs will be discarded from the transmission queues of the stations (UEs). This is a decentralized procedure because each station (UE) makes its own decisions without input from the network. While such distributed congestion control could be beneficial for LTE as well, it would be desirable to have the ability to adapt the transmission rate under operator control in a more centralized fashion. 
Previous studies demonstrated that LTE’s downlink capacity limits its ability for handling permanent broadcasting for Cooperative Awareness Messages (CAM) at 10 Hz. For example, it was observed in [2] that for a 5 MHz spectrum, only 10 vehicles per cell can receive the CAM data sent by 40 neighbouring vehicles transmitting simultaneously at a 100ms latency. A slower transmission rate at 2 Hz and/or a lesser number of broadcasting cars is more capacity friendly. 
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Figure 1: Cooperative Cars extended—CoCarX [2]
These results were obtained utilizing the Uu interface, and different results may apply if PC5 interface is used. Nonetheless, it would be beneficial for operators to have control on message transmission rates. This would make LTE competitive with other exiting V2X technologies and at the same time allow for congestion management under operator’s control.
Therefore, in order to optimize air interface resource utilization and avoid congestion scenarios, the network may want to implement additional functionality which can be used to better configure the V2X operation. For instance, an eNB-implemented RSU in a busy intersection may have a more comprehensive view of the surrounding environment than each individual vehicle.  This could be achieved, e.g., via feedbacks from the UEs supporting V2X applications (such as radio channel characteristics) or by equipping various sensors to gain environment awareness (such as the amount of traffic, the average speed of the vehicles, existence of pedestrians, existence of accidents, etc). That means that the eNB-implemented RSU is in a better position tocoordinate the V2X messages transmission characteristics of the vehicles. 
The control of the message transmission rate may apply to different use cases. Here we suggest a specific use case where the V2X system is used to provide information to vulnerable road users, e.g. pedestrian or cyclist, of the presence of moving vehicles in case of dangerous situation. The eNB-implemented RSU then adapts the message transmission rate based on environment awareness. 
The other usage of such adaptation of message transmission rate is in a case of network congestion. As most UEs utilizing V2X services will be in connected mode, access class baring mechanism is not effective to control those UEs. Thus, the change in message transmission rate can be triggered when the network is congested, such as in a disaster scenario.

Note that in order to provide the required reliability needed by the V2X service, the message transmission rate is a function of the vehicle speed and also the density of vehicles in a given area. In very dense environments, and with vehicles traveling at lower speeds, a message transmission rate lower than 10Hz may still give the needed environment awareness to the users nearby, i.e., safety messages are received successfully. 

[1] ETSI TS 102 724, V1.1.1, Intelligent Transport Systems (ITS); Harmonized Channel Specifications for Intelligent Transport Systems operating in the 5 GHz frequency band  

[2] ‘‘Cooperative Cars eXtended—CoCarX—activating mobile traffic channels’’, http://amicale-citroen.de/wp-content/uploads/2011/08/CoCarX-CooperativeCars-Extended-Research-Project.pdf
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5.x
V2V/V2P Use Case for MNO Configuration of Message Transmission Characteristics 
5.x.1
Description
In order to optimize air interface resource utilization and avoid congestion scenarios, the network implements additional functionality which can be used to configure the V2X message transmission rate. In this use case an eNB-implemented RSU in a busy intersection has a more comprehensive view of the surrounding environment than each individual vehicle and it uses its environment awareness capability to better coordinate the frequency that the vehicles transmit safety messages.  

5.x.2
Pre-conditions

An operator offers a service which makes use of the V2X feature.
Several vehicles are in a busy intersection, each contains a UE supporting V2X Service.

A pedestrian uses a smartphone which is a UE supporting V2X Service for pedestrian.
All vehicles and the pedestrian are in close proximity of one another.

All vehicles and the pedestrian are authorized for vehicular services.
There are eNBs-implemented  RSU in the vicinity.
5.x.3
Service Flows
The pedestrian's smartphone monitors transmission of V2X messages.
The vehicles transmit V2X messages at a rate of 10Hz.

The eNB-implemented RSU realizes that too many messages are being broadcast over the air interface creating a possible radio network congestion.
The eNB-implemented RSU configures a lower message periodicity [<10Hz] for the V2X service until the congestion subsides.
Other transmission parameters, such as transmit power, data rate, etc, can also be adjusted to achieve the same goal.
5.x.4
Post-conditions
The vehicles transmit a V2X message using the new configured message periodicity. Some messages are discarded before being sent.
The pedestrian and nearby vehicles receive the appropriate information related to the presence of vehicles and collision risk.
There is enough radio resource available for data communications in that region and the radio interface congestion subsides.

The eNB-implemented RSU configures a higher [10Hz] message periodicity for the V2X service when the congestion subsides.

5.x.5
Potential Requirements

[PR 5.x.5-001] The E-UTRAN shall provide means for the MNO to configure the V2X message transmission characteristics in UEs that support V2X services. This configuration should consider the V2X application requirements (frequency, message size, communication range, transmission latency, transmission reliability and moving speed) and the V2X radio resources load.
