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1 Introduction
The following agreed in RAN1 meeting has been included in the latest TR [1]:

· RAN1 observes potential benefit of adapting transmitter behavior from physical layer viewpoint:
· It is noted that RAN1 has not evaluated the feasibility of any adaptation mechanism.
· FFS
· Which specific behavior is adapted
· E.g., Reducing message transmission rate and/or dropping some messages
In RAN2 93, the following agreement is achieved [2]:
-
It is challenging to meet the DL capacity requirement for the urban cases.  We will study DL enhancements to improve the DL capacity.  
In this paper, the necessity of congestion control in V2X system is discussed based on the RAN1 and RAN2 agreements. Application layer and AS layer solutions are discussed separately.  

2 Necessity for Congestion Control

2.1 Traffic characteristics of V2X

In the EU, both periodically triggered and event-triggered message are generated by the facility layer, i.e., CAM and DENM message [3][4]. 

[image: image1.emf]
Fig.1 Structure of CAM message
According to [3], CAM messages mainly carry basic vehicle information (like vehicle type and dimension, in vehicle HF container) , vehicle movement  status (like vehicle type, vehicle position, speed, heading, and acceleration, in the vehicle HF container) and path history (in the vehicle  LF container). It can be expected that, when the road is congested with vehicles and the vehicle speed is relatively low, none of the parameters above change rapidly. So it is not necessary to generate the message with a relatively high frequency, e.g. 10Hz. Some CAM messages can be dropped or not generated at the application layer to alleviate traffic congestion on the wireless channel.
On the other hand, event-triggered messages (e.g., DENM message) often contain some safety-critical event information, like emergency braking. Therefore, the transmission frequency of even-triggered messages should not be reduced even when the network is congested. 

Observation 1: For the scenario of high vehicle density and low vehicle speed, CAMs do not need to be transmitted with high frequency, e.g. 10Hz .  
2.2 DCC mechanism

Both ETSI and SAE have specified a decentralized congestion control (DCC) mechanism [5][6], to reduce the transmission frequency of application layer messages when congestion is detected in the access layer of the ITS system. 

Take ETSI for example [5], the DCC functionality can be divided into the following parts: 

· DCC_CROSS, which handles cross layer information exchange and DCC parameter evaluation.

· DCC_ACC, which receives the physical layer measurements, transfers measurements to DCC_CROSS, and manages power control and flow control (priority control and dropping of packets with low priority) in the access layer.

· DCC_FAC, which receives the DCC parameters from DCC_CROSS, and adapts the packet generation rate according to the DCC parameters. 

DCC_CROSS is responsible for collecting information from the access layer (i.e., 802.11p layer), e.g., channel busy ratio (CBR), generating the message rate parameters, and conveying the parameters to facility layer to control CAM message frequency. 
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Fig.2 Structure of DCC in ITS-G5[5]
In the US, the WAVE Short Message Protocol (WSMP) can also utilize congestion mitigation to reduce the transmission rate of the Basic Safety Message (BSM) for high vehicle density scenarios, as defined in [6]. 

Notice that the existing congestion control can be used only when 802.11p is used as the access layer. Therefore, it is beneficial for LTE-V2X to support a congestion control mechanism.Without this mechanism, the performance of LTE-V2X may degrade dramatically due to insufficient resources in high vehicle density scenarios, compared with 802.11p.  

Proposal 1: A congestion control mechanism should be supported for LTE V2X to provide performance comparable with 802.11p in the high vehicle density scenario.  

3 Congestion control mechanism for LTE-V2X

Congestion control can be implemented in either application layer or LTE AS layers. 

3.1 Application layer congestion control

As discussed in section 2, the existing ETSI and SAE ITS standards have support for DCC in the application layer. A simple approach is to enable the DCC mechanism based on AS layer information. The application layer requires some inputs from access layers, e.g., CBR, for the determination of DCC operation. Therefore, the primitives between LTE AS layers and the application layer should be defined such that the application layer is aware of the congestion level in the wireless medium. 

Basically, there are two options to realize primitives: 

· Option 1: Follow the existing ETSI and SAE ITS standards. 3GPP specifies the compatible primitives and the ITS applications can utilize LTE-V2X as the access layer for DCC without modifications. The difficulty is that 3GPP should define multiple primitives to adapt to different ITS application layer standards.

· Option 2: Design one 3GPP-specific primitive considering the common DCC requirements. In this case only one set of common primitives is defined. However, ITS applications should convert 3GPP primitives into their own parameters required to perform DCC. 
Proposal 2: For application layer congestion control, the primitives between AS layers and the application layer should be defined for the application layer to perform DCC.

3.2 AS layer congestion control

On the other hand, AS layers can also specify congestion control mechanisms such that the V2X message transmission rate can be reduced when the vehicle density is high. 
For Uu-based V2X transmission, the eNB knows the overall Uu load status, so it can make centralized congestion control decisions, and the UE should follow the eNB’s indication to adjust the transmission rate of V2X service data.
For PC5-baesd V2X transmission, the eNB can also perform centralized congestion control based on UE reporting of the PC5 congestion level. In case the congestion happens only in some parts of the cell, it is beneficial for UEs to measure the PC5 congestion level and autonomously determine the V2X transmission rate.
Proposal3: For AS layer congestion control, the eNB can perform centralized congestion control for both Uu and PC5 V2X. For PC5 based V2X, PC5 congestion level measurements should be introduced for UEs to either autonomously control the transmission rate or report it to eNB.

Proposal 4: Both application layer congestion control and AS layer congestion control can be considered in LTE-V2X.

4 Conclusion
The following proposals are made:

Observation 1: For the scenario with high vehicle density and low vehicle speed, CAMs do not need to be transmitted in a high frequency, e.g. 10Hz .  
Proposal 1: Congestion control mechanism should be supported for LTE V2X to provide performance comparable with 802.11p in the high vehicle density scenario.  

Proposal 2: For application layer congestion control, the primitives between AS layers and the application layer should be defined for the application layer to perform DCC.

Proposal3: For AS layer congestion control, the eNB can perform centralized congestion control for both Uu and PC5 V2X. For PC5 based V2X, PC5 congestion level measurement should be introduced for UEs to either autonomously control the transmission rate or report it to eNB.

Proposal 4: Both application layer congestion control and AS layer congestion control can be considered in LTE-V2X.
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