[bookmark: _GoBack]3GPP TSG RAN WG1 Ad-Hoc Meeting 1901	R1-1900861
Taipei, January 21-25, 2019

Agenda Item:	7.2.4.1.5
Source:	Huawei, HiSilicon
Title:	Power control and power sharing for V2X sidelink
Document for:	Discussion and decision 

[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.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme

At RAN1#94bis, it was agreed to study power control issue in the case of shared carrier and in-device coexistence scenario between NR and LTE V2X sidelinks.
Agreements:
· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier 
Agreements:
· In the context of in-device coexistence between NR and LTE V2X sidelinks (not co-channel), 
· FDM solutions are those that involve simultaneous transmissions of NR and LTE V2X sidelink transmissions and defining mechanisms for sharing the total device power between the two.

At RAN1#95, further agreement was agreed on power control for FDM coexistence scenario between NR and LTE V2X sidelinks.
Agreements:
For FDM solutions: 
· For both dynamic and semi-static power allocation solutions, RAN1 assumes synchronization between NR and LTE V2X sidelinks, for a NR V2X UE when NR and LTE V2X sidelinks are intra-band
· The case of inter-band is FFS

In this contribution, we discuss the power control issues for sidelink, including dynamic power control, semi-static power control, power control on shared carrier, and coexistence between NR and LTE sidelink.
[bookmark: _Ref129681832]Sidelink power control
In LTE UL power control 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
Only broadcast based communication is supported at the physical layer for LTE D2D and LTE V2X. Therefore, only open loop measurements on the DL signals from the eNB are used. In LTE, the sidelink transmit power is limited by the minimum of the maximum transmission power and the uplink transmit power associated with downlink path loss. For NR V2X, the power control scheme needs to support unicast and groupcast transmissions as well, thus sidelink path-loss should be included in the measurements.
For LTE sidelink mode-1, the eNB can set a bit in the DCI format 5 to essentially overwrite the open loop power control and instruct the UE to transmit at full power. Basically, in case of low load, the eNB does not have to multiplex SL and UL in the same subframe, and interference on the UL is not a big problem, thus the UE can transmit at full power. For LTE sidelink mode-4 operation, if configured by higher layers, the transmit power is also adjusted based on the priority level of the PSSCH and the measured channel busy ratio. A power boost of 3 dB is applied to PSCCH over PSSCH for LTE V2X to provide higher reliability to control messages. Based on the three multiplexing options of PSCCH and the associated PSSCH identified to need further study, NR-V2X can reuse the open loop power control mechanism as in LTE V2X. 
Proposal 1: For open-loop power control in NR V2X, use the LTE-V2X and LTE D2D power control procedures as a starting point. 
Pathloss
The pathloss compensation used in LTE sidelink power control is based on the path loss between the eNB and the sidelink UE, to minimize the potential interference at the eNB on the uplink reception, since for the in-coverage scenario, sidelink transmission can share the same carrier as the uplink transmission. In NR V2X SL, due to the highly dynamic channel, feedback information for sidelink power control could be beneficial. Furthermore, for sidelink transmissions in a dedicated carrier, there is no impact on the uplink/downlink transmissions, which can be taken into account when defining the power control procedure. For unicast, the transmitting UE can have the information of the path loss between the transmitting UE and receiving UE of the sidelink, which it can take into account for the power control. For groupcast, the transmitting UE can select the path loss based on the feedback from some of the receiving UEs. 
Proposal 2: Measurement of the sidelink path loss between UEs should be used to perform sidelink power control.
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. The sidelink pathloss measurements described above 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. 
Power control for beam-based sidelink transmission
In addition, as transmissions in NR V2X can be beamformed, e.g., for FR2, power control for sidelink should take beam-based transmissions into account. As mentioned in our companion paper [2], the transmitting UE needs to make 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 4: Open- and closed-loop sidelink power control schemes should support beam-based transmissions and should take into account the required beam-based path loss 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 resourcess. 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 5: A new sidelink power control mechanism is needed for PSSCH/PSCCH multiplexing option 3.

Power sharing for sidelink
Power sharing between NR and LTE sidelink
In the case where there is an NR V2X carrier and an LTE V2X carrier, power control/sharing may be needed between the two sidelinks. When the transmit power based on the pathloss of the NR sidelink and the LTE sidelink is beyond the maximum power of the UE, a proper power control mechanism, e.g. power scaling based priority, also needs to be introduced to ensure the transmission
The maximum power of NR and LTE may be different. In NR Uu, PLTE and PNR are defined for power sharing between NR uplink and LTE uplink.  These two parameters PLTE and PNR can be also used to control the power of the NR sidelink and the LTE sidelink. A least semi-persistent power sharing between NR sidelink and LTE sidelink should be supported.
Proposal 6: At least semi-persistent power sharing between NR sidelink and LTE sidelink should be supported.
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: For open-loop power control in NR V2X, use the LTE-V2X and LTE D2D power control procedures as a starting point. 
Proposal 2: Measurement of the sidelink path loss between UEs should be used to perform sidelink power control.
Proposal 3: Closed-loop power control for unicast and groupcast over sidelink should be supported. 
Proposal 4: Open- and closed-loop sidelink power control schemes should support beam-based transmissions, and should take into account the required beam-based path loss measurements.
Proposal 5: A new sidelink power control mechanism is needed for PSSCH/PSCCH multiplexing option 3.
Proposal 6: At least semi-persistent power sharing between NR sidelink and LTE sidelink should be supported.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 7: Introduce a PHR report for the sidelink of NR V2X.
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