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Introduction
At the RAN1 #82b meeting, some candidate techniques for V2V were discussed. The following agreement about power control was reached: [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)
At the RAN1 #84bis meeting, the following agreement was reached for the scenario of coexistence of PC5-based V2V and WAN [2] 
· The followings are supported for the purpose of coexistence between PC5-based V2V and WAN:
· Sidelink open loop power control is re-used for SL TX for V2V
In this contribution, we discuss how power control can be used to address the specific needs of V2V in the scenario of dedicated carrier allocated and shared carrier for PC5-based V2V. 
[bookmark: _Ref129681832]Discussion
Power control has been discussed and standardized in Rel-12 for D2D. The main purpose was to reduce D2D interference on the cellular link. It can be re-used for LTE-V2X if V2V transmissions share the same carrier as cellular transmissions. For V2V, the deployment scenarios are significantly different than for D2D: there are many more UEs for V2V since for D2D, communication is limited to public safety UEs. Thus, for V2V deployed on either dedicated or shared carrier, power control can be a useful tool for improving V2V performance by alleviating interference on the PC5 links. Given that this aspect was discussed for Rel-12 D2D, but not standardized, power control should be considered for V2V communication. 
Proposal 1: consider power control enhancements on top of existing D2D power control for V2V
Power control for V2V services
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 while 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
Different power control schemes need to be considered. For example, reducing transmission power in dense scenarios can lower interference to other PC5 links; whereas muting can help detect collisions.
[image: power control]
[bookmark: _Ref429730631]Figure 1. Improve resource efficiency by power control
Muting
Sensing and reservation are discussed in V2V to reduce collisions [3]. With reservation, a resource is reserved by the announcer for a period of time. This reduces the need for sensing and reduces collisions [3]. However, while sensing and reservation significantly decreases the probability of collision, it does not fully eliminate collisions (e.g., two UEs selecting the same resource simultaneously). Furthermore, because of mobility, the transmissions from two UEs not colliding at a given time may collide in the future. A possible remedy is to apply muting, an extreme form of power control. The UE does not transmit on resources it has reserved for a packet and can perform measurements to see if the resource is also occupied by another UE. If it is, it can select another resource. If it is not, it can resume using this resource. Muting can also be used to alleviate half-duplex issue. A muting UE can detect whether there is another UE transmitting in the same subframe.
Observation 1: muting can be used to reduce transmission collision and the half-duplex issue.
It is desirable that each UE has a different muting pattern. One muting pattern corresponds to zero transmission power in some specific transmission opportunities. Each UE mutes in different transmission instances so that it can have the opportunity to detect whether there is transmission on the same resource. The muting pattern can be based on eNB configuration or pre-configuration. 
For Mode 1, eNB schedules resource per UE. There are unlikely collisions within a cell, while there is possibility of inter-cell collision especially for cell-edge UEs. For dynamic scheduling, muting is not needed since eNB may schedule different resources for different transmissions. While for SPS scheduling, eNB can configure a muting pattern based on UE’s C-RNTI. For example, eNB can configure SPS resource for PC-5 V2V per UE and the number of configured SPS periodicity is Ku. Then UE will mute in the transmission opportunity that corresponds to Lth SPS periodicity, where L = mod (C-RNTI, Ku). 
For Mode 2, UE can autonomously select one pattern randomly among a set of pre-defined muting patterns. The number of pre-defined muting patterns can be related to the number of reservation periods. For example, if UE can reserve resources for Q periods, then the number of muting patterns could be equal to Q. A simple muting pattern could be that muting pattern M means that UE mutes on the Mth transmission opportunity. Mode 2 UE will randomly generate an integer L which is between 1 and Q, corresponding to the Lth muting pattern. Then it will mute in Lth transmission opportunity. The muting pattern will be reselected every Q transmissions.
Proposal 3: Different UEs use different muting patterns. eNB can configure muting pattern per UE in Mode 1, or Mode 2 UE can autonomously select one pattern randomly from predefined muting patterns.
Power adjustment based on packet size or packet type
A V2X traffic model was agreed in [7]. For periodic traffic, the working assumption for the 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 [8]. If the receiver does not have the full certificate, it cannot process the 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 some packets 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 4: some packets are transmitted with higher power spectrum density.
V2X supports both periodic and aperiodic traffic. Each type of traffic may have 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 5: 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 needs to have a larger communication range. This is why SA1 considers a range of 300m for freeway and 150m for urban scenario [4]. 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 Mode 1 communication, the 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 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 6: transmission power is adjusted according to the UE density and UE speed
Transmission power sharing between SA and data in the same subframe
There were some agreements related to the power control issues in the RAN1#84b meeting [2]:
· The following two cases are supported:
· SA and the associated data are transmitted in the same TTI, 
· SA and the associated data are transmitted in different TTIs


In Rel-12 D2D, the one-bit TPC in DCI format 5 indicates whether maximum transmission power should be used for SA and data. This mechanism enables the eNB to control/manage the coexistence between PC5-based V2V and WAN. It has been agreed we will reuse the sidelink open loop power control scheme. However, this scheme needs changes since SA and data will be sent in the same subframe. In Rel-12 D2D, the  and  parameters are configured by IE P-Max [6]. If all the power were allocated to SA, then data will have not any power. Hence, a mechanism needs to be defined to share the transmission power between SA and data.
As agreed in the SI, both case 5A and case 5B should be supported by V2V [9] as:
· (Aspect 5) Co-existing with Uu
· Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.
· Case 5B: V2x carrier is shared with Uu.
The power sharing should be supported both for case 5A and case 5B, since SA and the associated data are transmitted in the same TTI supported for both cases. 
Observation 3: a mechanism needs be defined to share the transmission power between SA and data if they are multiplexed in one subframe.
Power sharing for path loss based power control applied for PSCCH and PSSCH
For the case 5B shared carrier, where the V2V UE will potentially interfere the WAN, path loss based open loop power control should be applied. If the available total transmission power is larger than the sum of PSCCH and PSSCH open loop power, then open loop power control will be used for PSCCH and PSSCH separately as in D2D directly. If the available maximum transmission power is smaller than the sum of PSCCH and PSSCH open loop power, a mechanism needs to be defined to sharing the total power. There are some options to address this issue:
· Option 1: first allocate the power to the PSCCH according to the open loop power control, then allocate the remaining power to the PSSCH. This option 1 is the same as the LTE uplink between PUCCH and PUSCH.
· Option 2: linearly reduce the total power of PSCCH and PSSCH path loss based on open loop power value to the UE available maximum transmission power.


Where w is a parameter to scale the total transmission power for PSCCH and PSSCH.
· Option 3: if the total available maximum transmission power is smaller than a certain threshold, the UE can drop the PSSCH or transmit PSCCH and PSSCH in different subframes, or increase the number of PSSCH transmissions. 
All three options can work. Option 1 has less specification impact. Option 2 has less impact on the transmission of PSSCH. For option 3, the UE behavior needs to be defined. 
Observation 4: if the totally available maximum transmission power is smaller than the sum of PSCCH and PSSCH path loss based open loop power, then the related UE behavior should be defined to share the transmission power between PSCCH and PSSCH, when they are in the same subframe.
Proposal 7: Standardize one of the three following options:
· Option 1: allocate the power to the PSCCH according to the path loss based open loop power control, and then allocate the remaining power to the PSSCH. 
· Option 2: linearly reduce the total power of PSCCH and PSSCH path loss based on open loop power value to the UE available maximum transmission power.
· Option 3: if the total available maximum transmission power is smaller than a certain threshold, the UE can drop the PSSCH or transmit PSCCH and PSSCH in different subframes, or increase the number of PSSCH transmissions.

Power sharing for maximum transmission power applied for PSCCH and PSSCH
For the shared carrier case 5B and for the dedicated carrier case 5A, where the V2V UE will not interfere the WAN, the eNB (shared carrier) or some pre-configured information (dedicated carrier) will allow the maximum transmission power to be used. When the maximum transmission power is used for V2V, better coverage can be achieved, which is especially important for event-triggered ITS messages. 
Proposal 8: the eNB can control whether the UE can use the maximum transmission power on the PC5-based V2V in order to manage the coexistence between PC5-based V2V and the WAN. 
If the maximum transmission power is configured for the PC5-based V2V, then mechanism to share the maximum transmission power between PSCCH and PSSCH should be defined. Fortunately, this problem has been studied multiple times in RAN1 (CA, dual connectivity, D2D), and the same principles can be reused. In particular, a simple solution is to define a power offset value parameter  between SA and data per PRB when SA and data share maximum transmission power. 
For sidelink transmission mode 1, when SA and data are transmitted in a subframe with maximum transmission power:


After the transmitter obtains the parameter , either from the eNB or by pre-configuration, it can determine the transmission power sharing between SA and data.
Proposal 9: when SA and data are transmitted in the same subframe, the power on PSCCH is offset by  dB from the power on PSSCH.

Power control equations
Power control based on speed and density 
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 subframes, the transmission power is given by the following

	

	
· If SA and data are transmitted in the same subframe, SA has a higher performance requirement since data can only be decoded depending on successful decoding of SA. In the case of power limited scenario, the transmission power of PSCCH should be guaranteed with highest priority. The remaining power can be used for PSSCH. 

	

	








 and  are maximal transmission powers for PSSCH and PSCCH, respectively, and  and  are the bandwidths of the PSSCH and PSCCH resource assignments, respectively, expressed in number of resource blocks.  and  are provided by higher layers.  and  are power scaling factors related to speed and resource usage ratio which are preconfigured or configured by eNB. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, by analyzing characteristics of V2V service, we have the following observations and proposals for V2V power control: 
Proposal 1: consider power control enhancements on top of existing D2D power control for V2V
Proposal 2: Power control can be used to alleviate congestion and improve resource efficiency
Observation 1: muting can be used to reduce transmission collision and the half-duplex issue.
Proposal 3: Different UEs use different muting patterns. eNB can configure muting pattern per UE in Mode 1, or Mode 2 UE can autonomously select one pattern randomly from predefined muting patterns.
Observation 2: Some V2V packets are more important than others since they carry the security certificate
Proposal 4: some packets are transmitted with higher power spectrum density.
Proposal 5: transmission power is adjusted according to the packet type to improve reliability
Proposal 6: transmission power is adjusted according to the UE density and UE speed
Observation 3: a mechanism needs be defined to share the transmission power between SA and data if they are multiplexed in one subframe.
Observation 4: if the totally available maximum transmission power is smaller than the sum of PSCCH and PSSCH path loss based open loop power, then the related UE behavior should be defined to share the transmission power between PSCCH and PSSCH, when they are in the same subframe.
Proposal 7: Standardize one of the three following options:
· Option 1: allocate the power to the PSCCH according to the path loss based open loop power control, and then allocate the remaining power to the PSSCH. 
· Option 2: linearly reduce the total power of PSCCH and PSSCH path loss based on open loop power value to the UE available maximum transmission power.
· Option 3: if the total available maximum transmission power is smaller than a certain threshold, the UE can drop the PSSCH or transmit PSCCH and PSSCH in different subframes, or increase the number of PSSCH transmissions.
Proposal 8: the eNB can control whether the UE can use the maximum transmission power on the PC5-based V2V in order to manage the coexistence between PC5-based V2V and the WAN. 
Proposal 9: when SA and data are transmitted in the same subframe, the power on PSCCH is offset by  dB from the power on PSSCH.
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Appendix: Simulation
In this section, two scenarios are simulated to evaluate the effects of power control: freeway 140km/h and freeway 70km/h. The effective communication range is determined by D=TTC*V, where TTC (time to collision) is assumed to be 4s in [4], and V is the relative speed. For the freeway 140km/h case, D=320m; and accordingly D=160m for the freeway 70km/h case. The number of vehicles in the freeway 70km/h case is doubled compared to the freeway 140km/h case. All the vehicles adjust their transmission power using the same power scaling factor.
In Figure 2, there is no significant performance difference when transmission power is reduced from 23dBm to 11dBm at 320m. This happens because the system is interference limited. Increasing transmission power does not affect SINR since both signal power and interference power scale up the same way, thus leaving performance unaffected. If transmission power were reduced to very low values, such as to 8dBm or 5dBm, the system becomes noise limited, and performance is affected. The optimal power scaling factor for this scenario is -12dB. 

[image: ]
Figure 2. Power control for freeway 140km/h
Similarly, in Figure 3, at an effective communication range of 160m, significant performance degradation occurs when transmission power is reduced to -3dBm. Therefore, the optimal power scaling factor in this case is -23dB. 
[image: ]
Figure 3. Power control for freeway 70km/h
These figures show that there may be a different power scaling factor for each scenario. Increasing transmission power further cannot improve performance and will cause energy wastage, and potentially interference for UEs that are far away. The results suggest that the transmit power can be much lower than 23 dBm.
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