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1 Introduction

In RAN #68, a SI on V2X was approved. One of the objectives is to " identify necessary enhancements [...] to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity" [1].
Power control has been discussed and standardized in Rel-12 for D2D. The main purpose was to reduce the D2D interference on the cellular link. While this purpose may still be necessary for V2X, at least for some operating scenarios, power control can also be used to improve the performance of V2V communication, e.g., to improve reliability. 
In this contribution, we discuss how power control can be used to address the specific needs of V2V, and evaluate the benefits of power control by means of system simulations.
2 Power control requirements
In this section, we discuss some of the specific V2V requirements and see if power control could be used to meet them.
2.1 Communication range
According to SA1 requirements for LTE-V2X, the communication range requirements are drastically different depending on the scenarios, as shown in Table 1 [2].

Table 1 Example parameters for V2X services

	
	Effective range *
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum radio layer message reception reliability (probability that the recipient gets it within 100ms)
	Example Cumulative transmission reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%
	99%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%
	96%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%
	96%

	#4 (NLOS / urban)
	150m
	50kmph
	100kmph
	100ms
	90%
	99%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%
	-

	#6 (campus/ shopping area)
	50m
	30kmph
	30kmph
	100ms
	90%
	99%


Note*: Effective range is greater than range required to support TTC=4s (TTC: Time To Collision) at maximum relative velocity.
The communication range can vary from 320m to 50m according to the scenario. Vehicles do not need to receive out-of-range V2V messages. A vehicle transmitting a V2V message farther than the requirement range may cause unnecessary interference to other V2V links. Adjusting the transmit power can be a way to solve this problem.
Observation 1: power control can be used to control communication range
2.2 Different QoS and priority requirement 
Different vehicles may have different priority and QoS requirements. For instance, some emergency vehicles, such as ambulances or fire trucks, have higher priority and QoS. Emergency vehicles may need to broadcast their information as far as possible so that more vehicles can receive the information and clear the road in advance, no matter which scenario they are in. Configuring them with higher transmission power is a way to control QoS, and possibly priority. 
Observation 2: power control can be used to provide different level of QoS
2.3 Improve resource efficiency 

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. One well known way to address this problem is to use power control. Lower transmission power by a vehicle can reduce its transmission range so that another vehicle out of the communication range can reuse the same resource. This is illustrated in Figure 1. 
Observation 3: Power control can be used to improve resource efficiency
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(a) Resource reuse with large transmission power

(b) Resource reuse with low transmission power




Figure 1 Improve resource efficiency by power control
Clearly, power control can provide benefits for a V2V link and should be considered for V2V services.
Proposal 1: consider power control enhancements on top of existing D2D power control for V2V
3 Power control schemes for V2V services
Based on the previous analysis, it is clear that power control can be beneficial for V2V services. In this section, we describe how power control could be done.
3.1 Transmit power based on density

Generally speaking, a vehicle needs to be aware of the vehicles within its vicinity. When in a dense environment, the UE does not need to receive messages from UEs that are relatively far away. However, when in a sparser environment, the UE needs to have a larger communication rage. This is why SA1 considers a range of 300m for freeway and 150m for urban scenario. 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.

Proposal 2: the transmit power is adjusted according to the UE density

For D2D Mode 1 communication, eNB has the information of resource usage since it allocates transmission resources for each vehicle and can indicate the UE which power to use.
For D2D Mode 2 communication, the vehicle itself can obtain the resource usage information by e.g., measuring the resource occupancy ratio to get an idea of the traffic around its location, hence of the UE density around it. It can then adjust its transmit power accordingly.

3.2 Transmit power based on speed

When a vehicle is traveling at high speed, it needs to be aware of events at a larger distance than when it is at a low speed in a traffic jam. Therefore the transmission power can be adjusted according to the vehicle moving speed, i.e. higher power corresponding to higher speed. The power control range can either be pre-configured on a per-vehicle basis, or configured by the eNB when in the network coverage. The vehicle knows its speed and can decide the transmission power accordingly. Multiple level of transmission power can be pre-configured or configured by eNB for different speed level.
Proposal 3: Speed related power scaling factor should be considered when deciding the transmission power. 
3.3 Power control equations
The power level can be determined using the power control rules of Rel-12 D2D. Depending on whether SA and data are multiplexed in the same subframe, the transmission power of different channels can be calculated as follows. 

· If SA and data are transmitted in different subframe, the transmission power is given by the following
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 are maximal transmission power for PSSCH and PSCCH, respectively, 
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 are the bandwidth of the PSSCH and PSCCH resource assignment, respectively, expressed in number of resource blocks. 
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 are power scaling factor related to speed and resource usage ratio which are preconfigured or configured by eNB. 

· If SA and data are transmitted in the same subframe, SA has a higher performance requirement than data since whether data can be decoded depends on successful decoding of SA. In the case of power limited scenario, the transmission power of PSCCH should be guaranteed firstly. The remaining power can be used for PSSCH. 
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For Mode 1 communication, eNB configures different power scaling factors 
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 to vehicles according to the resource usage. For Mode 2 communication, vehicles can autonomously select 
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 by detecting the resource usage ratio. The vehicle may perform additional changes based on its speed.
4 Conclusion

In this contribution, by analyzing different communication range and QoS requirement of V2V service, and the ways to improve system resource efficiency, we have the following observations: 
Observation 1: power control can be used to control communication range 
Observation 2: power control can be used to provide different level of QoS
Observation 3: Power control can be used to improve resource efficiency
Based on the discussion and analysis, we propose that: 
Proposal 1: consider power control enhancements on top of existing D2D power control for V2V
Proposal 2: the transmit power is adjusted according to the UE density

Proposal 3: Speed related power scaling factor should be considered when deciding the transmission power. 
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