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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Congestion control is necessary in case the messages to be transmitted exceed the capacity of available resources (bandwidth). In this contribution, to alleviate congestion, several congestion control approaches are discussed. 
Congestion control approaches
Differential transmission chances
Much higher PRR can be observed for scenario 5 with 1/5 message generating rate of scenario 4 (both scenarios are for 15km/h speed with different message generating rate in [1]. Thus, reducing the total number of transmitted messages can be beneficial.
A possibility can be to adapt the transmission chances according to the message priority. For instance, a higher priority message could be transmitted more often than a lower priority message. An extreme case could be to drop some (all) messages of lower priorities so as to reduce congestion level and gain higher system PRR. Similarly, the transmit probability could be adapted according to the priority.
Observation 1: adapting transmission chances (such as number of retransmissions, transmit probability) according to the packet priority increases the system-level performance
Note that priority is typically determined with QCI values. Since priority is typically handled by RAN2, we suggest sending an LS to RAN2 to inform them of the above observation.
Proposal 1: send LS to RAN2 to inform them that adapting transmission parameters improves system-level performance
Power control
In a dense deployment scenario, the system capacity may be limited by the amount of available transmission resources. This may cause transmission delay, increased interference, and will degrade the overall system performance. Lower transmission power by a vehicle can reduce its transmission range so that another vehicle outside the communication range can reuse the same resource. This can increase the resource multiplexing ratio and improve resource efficiency. An illustration of this is shown in Figure 1. 
Proposal 2: Power control can be used to alleviate congestion and improve resource efficiency
[image: power control]
[bookmark: _Ref429730631]Figure 1. Improve resource efficiency by power control
Power adjustment based on packet size or packet type
A V2X traffic model was agreed in [1]. For periodic traffic, the working assumption for message size is one 300-byte message followed by four 190-byte messages. Two packet sizes are used for periodic traffic due to the overhead of security certification. The larger packet can include full certificate while the smaller packet can include certificate signature or digest [2]. If the receiver does not have the full certificate, it cannot decode received packet correctly using the certificate signature at the application layer. Therefore, it is reasonable that the larger packet has higher priority or requires better performance than the smaller packet. 
Observation 2: Some V2V packets are more important than others since they carry the security certificate
A simple way to ensure a better performance for some packets is to transmit them with higher power. This also can provide a SINR boost for a given packet, which can be particularly helpful if the packet is larger, and can compensate the loss of link performance due to the use of a higher coding rate.
Proposal 3: higher power spectrum density is configured for some packets.
V2X supports both periodic and aperiodic traffic. Each type of traffic may require different levels of requirements. The 3GPP network can provide means to prioritize transmission of V2X messages according to their type (e.g. safety vs. non-safety). Aperiodic traffic may need high reliability and may have higher priority than periodic traffic. For example, emergency messages are typically aperiodic and unpredictable. Therefore, at least some aperiodic traffic should have better performance requirements than periodic traffic. Transmission power can be adjusted according to the packet type to improve reliability.
Proposal 4: transmission power is adjusted according to the packet type to improve reliability
Power adjustment based on density
When in a dense environment, UEs usually move at low speed.  The UE does not need to receive messages from UEs that are relatively far away. However, when in a sparser environment, the UE could move at high speed and would need to have a larger communication range. This is why SA1 considers a range of 300m for freeway and 150m for urban scenario [3]. Consequently, it makes sense to adjust transmission power based on the UE density. This also has the additional benefit of reducing the number of collisions in dense environments. 
For D2D Mode 1 communication, eNB has the information of resource usage since it allocates transmission resources for each vehicle and can indicate to the UE which power to use. For D2D Mode 2 communication, the vehicle can determine resource usage information by e.g., measuring the resource occupancy ratio around its location, hence the UE density. It can then adjust its transmit power accordingly.
Proposal 5: transmission power is adjusted according to the UE density or UE speed. 
Conclusion
In this contribution, congestion control schemes are discussed. Based on the analysis, we have the following observations and proposals:
Observation 1: adapting transmission chances (such as number of retransmissions, transmit probability) according to the packet priority increases the system-level performance
Proposal 1: send LS to RAN2 to inform them that adapting transmission parameters improves system-level performance
Proposal 2: Power control can be used to alleviate congestion and improve resource efficiency
Observation 2: Some V2V packets are more important than others since they carry the security certificate
Proposal 3: higher power spectrum density is configured for some packets.
Proposal 4: transmission power is adjusted according to the packet type to improve reliability
Proposal 5: transmission power is adjusted according to the UE density or UE speed. 
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(a) Resource reuse with large transmission power

(b) Resource reuse with low transmission power




