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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 a 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 between vehicles. In this contribution, we will discuss some viable power control enhancements for V2V.
2 Adapting transmission power based on traffic
In mode 1 operation, the eNodeB can set the MCS and transmit power based on its view of the network to minimize collision avoidance. In mode 2 operation without network assistance, when a pool is scanned, if there is no existing UE in the pool, the UE has no idea of the location of any other UEs. In this case, it can transmit at maximum power and lowest MCS (open loop). If there are existing UEs in the pool, the UE can derive a path loss estimate to each UE based on the received RSRP measurements from the users in the pool. These measurements can be averaged and used to set the transmit power. 
As shown in Figure 1(A), when the distance between the transmitting UE and receiving UE(s) is large, the transmit power can be high to maintain coverage. However, when the distance is small as shown in Figure 1(B), the transmit power should be reduced to minimize collisions.  The traffic conditions can be inferred in multiple ways. In mode 1 operation, for example, the eNodeB may have an indication of the traffic conditions in a given area and can adjust the transmit power of each vehicle UE based on its location. In mode 2 operation, the transmitting UE can scan the SA of other UEs and estimate the approximate path loss based on RSRP measurements. It can accordingly adjust its transmission power based on an average of the estimated path loss from multiple UEs observed from the scan. 

To estimate the path loss from each UE, one cannot use the sidelink RSRP (S-RSRP) based on the PSBCH since as the received PSBCH may be a combined signal from multiple UEs and may not be uniquely identified within a cell. The DMRS from the SA cannot be used as well since it may be transmitted at variable power. One option to calculate the RSRP is to communicate a power setting information using a few bits in the SA to indicate the transmit power used. On decoding the SA, one can figure out the reference transmit power used – from which the path loss can be estimated for power adjustment.  
It may not be optimal to use all received SA transmissions for calculating RSRP, but use only those received in the current scheduling period of the SA pool of the transmitting UE. Based on these measurements from multiple UEs observed from the SA scan, an average RSRP can be calculated and the transmit power can be computed as a backoff from the maximum transmission power. If there are no UEs reported from the SA scan, the maximum transmission power can be used.

Proposal 1: eNodeB configures transmit power for V2V in mode 1. 
Proposal 2: Evaluate methods to calculate RSRP on per UE basis and use RSRP from neighboring vehicles based on SA scan for adjusting the transmit power control setting in mode 2. 
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Figure 1 Adapting transmission power based on traffic
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 280 km/h, which corresponds to 140 km/h absolute velocity for each vehicle. If one vehicle is running slow, e.g. with 20 km/h, then the maximum relative velocity will not exceed 160km/h.
Based on the analysis above, it is possible and rational for the transmitting vehicle to determine the effective range of its V2V message based on its absolute velocity. eNodeB can configure multiple power levels corresponding to multiple absolute velocity ranges, and allow each transmitting vehicle to adjust its transmission power based on the configuration and its absolute velocity. For example, 3 power levels Plow, Pmedium and Phigh corresponding to absolute velocity range of 0 ~ 60 km/h, 60 ~ 120 km/h, and >120 km/h can be used. The transmitting 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.
Proposal 3: Absolute velocity based power control should be considered for V2V communication.

4 Conclusions
The following enhancements are needed to enhance transmit power control for V2V communication:
Proposal 1: eNodeB configures transmit power for V2V in mode 1. 

Proposal 2: Evaluate methods to calculate RSRP on per UE basis and use RSRP from neighboring vehicles based on SA scan for adjusting the transmit power control setting in mode 2. 
Proposal 3: Absolute velocity based power control should be considered for V2V communication.
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