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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94, open-loop and/or closed-loop power control was agreed to be studied for sidelink enhancement for unicast and/or groupcast.
Agreements:
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· ……
· Open loop and/or closed-loop power control
· ……

At RAN1#AH1901, pathloss based open-loop power control was agreed.
Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed
In this contribution, we discuss the power control and power sharing issues for sidelink, including open-loop power control, closed-loop power control, power control for beam-based sidelink transmission, power control on shared carrier, and coexistence between NR and LTE sidelink.
[bookmark: _Ref129681832]Sidelink power control
In LTE and NR UL power control, open-loop power control with RRC configured P0 and α, and closed-loop power control with TPC command indicated by DCI for closed-loop power control are supported. In this section, we discuss which power control schemes should be supported for NR V2X.
Open-loop power control
In the previous meeting, it was agreed to support sidelink open-loop power control, based on two different pathlosses:
· Pathloss between TX UE and gNB (if TX UE is in-coverage)
· Pathloss between TX UE and RX UE
The first kind of pathloss may be applied for unicast, groupcast, and broadcast, while the second kind of pathloss may be only applied for unicast. 
· Whether the pathloss between TX UE and RX UE is applicable to groupcast? 
· For the power control of TX UE in a group, it is also beneficial to apply this kind of pathloss to groupcast, for the same reason to compensate the path loss between TX UE and RX UEs in a group. But the pathloss between TX UE and different RX UEs could be quite different. 
· How to use the different pathlosses to Rx UEs in a group? 
· This needs to be standardized to the extent that a group leader is required to ensure QoS throughout the group, and does not select a transmit power too low to achieve this.
Proposal 1: The pathloss between TX UE and RX UEs is also used in groupcast open-loop power control. 
Proposal 2: Power control procedures for groupcast are defined such that the transmitting UE is required to ensure the service QoS requirements throughout the group. 
Closed-loop power control
For cases such as unicast between platooning members at the cell edge, the destination UE is located very close to the source UE. If the LTE V2X power control rule is followed, the sidelink transmit power could be larger than is necessary. In this case, the transmitter can apply closed-loop power control to reduce the interference over sidelink. Sidelink pathloss measurements at the Rx UE(s), allow the receiving UE(s) to provide sidelink RSRP feedback to the transmitting UE.
Proposal 3: Closed-loop power control for unicast and groupcast over sidelink should be supported in addition to open-loop power control. 
Closed-loop power control by including TPC commands in SCI may not be able to achieve performance gain over sidelink as a TPC command may be triggered due to high interference at the receiver UE. This interference, which is unknown at the transmitter UE, can result from sidelink transmissions from hidden nodes or from the IBE from UEs transmitting in neighboring frequency resources. Therefore, closed-loop power control over sidelink should not rely on dynamic TPC commands.
Proposal 4: Closed-loop power control based on pathloss parameter(s) between TX UE and RX UE(s) is supported for unicast and groupcast over sidelink. 
Power control for beam-based sidelink transmission
In addition, as transmissions in NR V2X can be beamformed, power control for sidelink should take beam-based transmissions into account. As mentioned in our companion paper [2], the transmitting UE needs beam-based path loss measurements from both the Uu downlink and from the receiving UE. This enables the transmission power for the required sidelink to be optimized as well as any (adjacent channel) interference to be minimized.
Proposal 5: Open- and closed-loop sidelink power control schemes should support beam-based transmissions, taking into account the required beam-based pathloss measurements.
Power control for PSCCH-PSSCH multiplexing option 3
Four multiplexing options between PSCCH and PSSCH are discussed in RAN1. For option 2 and option 3, power control is needed. The power control mechanism in LTE V2X can be reused for option 2 since the structure is the same. For option 3, some changes are necessary. The power control mechanism in LTE V2X can also be reused for the part of PSCCH and the associated PSSCH that are transmitted on overlapping time resources. However, for the part of the associated PSSCH and/or another part of the PSCCH that are transmitted using non-overlapping time resources, a new power control mechanism is needed. RAN1 should consider having the same power control design for the two parts of the PSSCH, so that each subcarrier has a constant power.
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Fig. 1: 
Proposal 6: A new sidelink power control mechanism is needed for PSSCH/PSCCH multiplexing option 3.
Power sharing for sidelink
Power sharing between NR Uu and NR sidelink
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]It was agreed that both shared licensed carrier between Uu and NR sidelink and dedicated NR sidelink carrier are supported. For dedicated NR sidelink carrier, no simultaneous transmission issues between UL and sidelink need to be solved. For shared carrier, the multiplexing between NR Uu and NR sidelink can be FDM or TDM. For TDM manner, there is no power sharing issue between NR Uu and NR sidelink. Thus at least TDM between NR Uu and NR sidelink should be supported on shared carrier. For FDM manner, the power sharing between NR Uu and NR sidelink from the total transmit power should be solved. FDM between NR Uu and NR sidelink should be based on UE capability, since not all UEs need to support power sharing functionality.
PHR report 
Since unicast is supported for NR V2X, more accurate power control mechanism is needed to adjust sidelink transmit power. In uplink, PHR report is utilized to adjust power and allocate resources. For NR V2X mode 1, introducing PHR report for sidelink can help to adjust power more accurately for unicast and adjust resources for transmission. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 7: Introduce a PHR report for the sidelink of NR V2X.
Conclusions
This contributions focuses on the discussion of power control for sidelink. Based on the above discussion, proposals for sidelink power control are summarized as following:
Proposal 1: The pathloss between TX UE and RX UEs should be applicable to groupcast. 
Proposal 2: Power control procedures for groupcast are defined such that the transmitting UE is required to ensure the service QoS requirements throughout the group. 
Proposal 3: Closed-loop power control for unicast and groupcast over sidelink should be supported in addition to open-loop power control. 
Proposal 4: Closed-loop power control based on pathloss parameter(s) between TX UE and RX UE(s) is supported for unicast and groupcast over sidelink. 
Proposal 5: Open- and closed-loop sidelink power control schemes should support beam-based transmissions, taking into account the required beam-based path loss measurements.
Proposal 6: A new sidelink power control mechanism is needed for PSSCH/PSCCH multiplexing option 3.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 7: Introduce a PHR report for the sidelink of NR V2X.
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