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1. Introduction
The following agreements were captured in the V2X TR [1]:
· Transmission power control and/or setting
· Use different transmission power e.g., depending on scenario
· This includes the possibility of using zero power (i.e., muting)
The number of vehicles in super city of some countries may be in millions, which implies that the density of transmitters in V2V communication scenario may be dramatically high especially in some extreme traffic condition, e.g. traffic jam. Hence, if transmission power for some vehicles can be reduced, it can mitigate the interference to cellular communication (this was the motivation of power control for Rel-12 D2D), and also reduce the impact of resource collisions and IBE between vehicles. In this contribution, we will discuss some viable power control enhancements for V2V.
2. Path loss based power control
In rel-12/13 D2D communication and discovery, Uu communication is prioritized in case of Uu and D2D working on a shared carrier. Based on this principle, power control mechanism was defined for sidelink channels to mitigate the interference to Uu uplink. Basically, V2V communication should follow the same principle because of:
a) In contrast to D2D, the density of users is usually much higher; the typical number of D2D communication transmitter within a cell is 3, however, the number of vehicle transmitters can be ten times of that.
b) The average packet size of V2V message is larger than D2D, the former can be thousands bits, the latter is typically hundreds bits (size of voice packet and D2D discovery message).
c) More frequent packet transmission, message transmission frequency for most periodic V2V services are 10Hz.
Large amount of users and frequent packet transmission result in that V2V communication requires more resources than D2D, for each vehicle transmitter, its transmission power is usually much higher since the larger packet size. The service on Uu interface is not visible, and may also related to public safety or other important purpose, so the power control mechanism defined in Rel-12 D2D should be reused for V2V.
Proposal 1: The power control mechanism defined for Rel-12 D2D should be reused for V2V.
3. Absolute velocity based power control
The target of event-triggered V2V message is used to warn the driver of host vehicle of a potential traffic hazard. In order to give the driver ample response time, effective range of V2V message is defined in SA1 (e.g. [PR.5.1.5-005] in [3]). So in the case where the relative velocity between remote vehicle and host vehicle is high, the effective range of the message transmitted by the remote vehicle should be large, and vice versa. Although in a realistic traffic scenario, remote vehicles cannot be aware of the accurate relative velocity between the host vehicles, the maximum relative velocity can be derived from its absolute velocity. For example, the maximum relative velocity that V2V communication should support is 500km/h, which corresponds to 250km/h absolute velocity for each vehicle. If one vehicle is running slow, e.g. with 20km/h, then the maximum relative velocity will not exceed 270km/h.


Figure 1 The relationship between absolute velocity and maximum relative velocity
Based on the analysis above, the transmission power of remote UE should be a function of its absolute velocity. eNB can configure multiple power levels corresponding to multiple absolute velocity ranges, and allow vehicle to adjust its transmission power based on the configuration and its absolute velocity. For out of coverage vehicles, the parameters can be preconfigured. For example, 3 power levels Plow, Pmedium and Phigh corresponding to absolute velocity range of 0~60km/h, 60km/h~120km/h, and >120km/h are configured or preconfigured. Vehicles with built-in modules can estimate their instant velocity and provide the information to physical layer of communication module and the transmitter of the vehicle can use the proper power adjustment accordingly.
Note that after the introduction of absolute velocity based power control, the final transmission power of vehicle is subject to two power control processes, i.e. the one based on path loss (D2D power control mechanism) and the one based on absolute velocity. If both of above are configured, vehicle can calculate the transmission power according to each power control process separately, and then use the lower one as the final transmission power.
Proposal 2: Absolute velocity based power control should be considered for V2V communication.
4. Muting and Max Transmit Power
Muting, as proposed in the TR [1], can be a useful feature for transmit power control. In the last meeting we have agreed that sensing with semi-persistent transmission is supported [4], the UE should mute its transmission if there is no available resource for its transmission based on its sensing results. Note that this does not apply to emergency/event-triggered messages, which can be configured in reserved resources and transmitted at maximum power and lowest MCS for highest reliability. 
Proposal 3: The UE should mute its transmission if there is no available resource for its transmission based on its sensing results.
5. Conclusions
The following enhancements are needed to enhance transmit power control for V2V communication:
[bookmark: OLE_LINK22][bookmark: OLE_LINK25]Proposal 1: The power control mechanism defined for Rel-12 D2D should be reused for V2V.
Proposal 2: Absolute velocity based power control should be considered for V2V communication.
Proposal 3: The UE should mute its transmission if there is no available resource for its transmission based on its sensing results.
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