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Introduction
In this contribution, we present our views and discussion on sidelink power control. Pertinent agreements made so far are summarized in Annex.
Configurations for Sidelink Power Control 
We reached the agreement in [2] to support open-loop power control for sidelink based on the pathloss of both sidelink between UEs and Uu interface between the UE and the gNB. Generally, the Tx power control has two motivations: to meet a target requirement for the desired signal and to mitigate interference caused to other transmissions. In LTE V2X, P0, α, pathloss and the number of allocated PRBs are included in sidelink open-loop power control and these parameters are (pre-)configured per resource pool. The intention behind this power control parameter configuration per resource pool was that the target requirement and interference situation can be different depending on the resource pool that UE has to use. For example, sidelink transmissions in a resource pool can cause less interference to other transmissions in case where eNB fully controls the resource (i.e., Mode 3). Also, when the available amount of V2X resources is large (e.g., there are many numbers of V2X resource pools or there are many resources in a given V2X resource pool), it is expected that less collision happens as compared to the case where the available amount of V2X resources is small. So, eNB can configure the open-loop power control parameters corresponding to the amount of V2X resources. So, the same philosophy can apply for NR V2X, i.e., in the case of in-coverage, the serving gNB can configure open-loop power control parameters as a part of the configuration of resource pool. In the case of out-of-coverage, those parameters can be pre-configured per resource pool.
Proposal 1: Open-loop power control parameters are (pre-)configured per resource pool
As agreed in [2], for the sidelink open-loop power control, the pathloss between TX UE and gNB (Uu), and the pathloss between TX UE and RX UE (sidelink) need to be considered. Uu pathloss is calculated by Tx power of the reference signal – measured RSRP, where the reference signal can be SSS (secondary synchronization signal), DMRS on PBCH or CSI-RS depending on gNB configuration. Similarly, some sidelink reference signal is needed for UE to estimate the sidelink pathloss and it can be done by Tx power of sidelink reference signal – measured sidelink RSRP. Assuming that NR V2X is performed in a shared carrier and a TX UE is close to the gNB, sidelink transmission from the TX UE will cause interference to the received signal at the gNB due to in-band emission. So, in such case, Uu pathloss should be taken into account. On the other hand, there is a case where TX UE and RX UE are far from the gNB (or both of them are in out-of-network coverage) but they are close to each other. In this case, if Uu pathloss is considered for sidelink open-loop power control, high sidelink transmission power is set by the TX UE, resulting in unnecessary power consumption and interference.  Also, it is still FFS whether the sidelink pathloss measurement is applied for unicast only or it can be extended to groupcast and broadcast. However, from PHY layer perspective, whether the sidelink transmission is unicast, groupcast or broadcast may not be visible. So, it is natural that which reference signal is used for sidelink transmission power control is (pre-)configured. For example, when the V2X UE is located in a gNB’s coverage, the gNB can configure the UE with one sidelink reference signal for measuring sidelink pathloss. Also, the gNB can configure a CSI-RS resource or SSB resource for the UE to measure the Uu pathloss to be used for sidelink Tx power calculation. While in the case of out-of-coverage, that reference signal for sidelink power control can be pre-configured.  
Proposal 2: Which reference signal is used for pathloss measurement is (pre-)configured.
Tx Power for Sidelink Physical Channels 
As discussed in our companion contribution [3], sidelink power control shall be supported in NR V2X and the pathloss of both sidelink and Uu link shall be considered in calculating Tx power for sidelink transmission. So far, we have agreed to support PSSCH, PSCCH and PSFCH in sidelink. Sidelink power control shall be applied to all these three channels. When the PSSCH and PSCCH are used for unicast transmission, the transmitter can calculate the Tx power based on at least the pathloss of sidelink between the transmitter and receiver. When the PSSCH and PSCCH are used for groupcast transmission, the transmitter UE can calculate the Tx power based on at least the worst pathloss among all the receiver UEs. The HARQ feedback or CSI report in PSFCH channel is mostly unicast transmission and the UE shall calculate the Tx power of PSFCH based on at least the pathloss of target sidelink. 
Proposal 3: Tx power control shall be supported on PSCCH, PSSCH and PSFCH.  
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Figure 1: multiplexing of PSCCH and PSSCH
Various options for multiplexing PSCCH and PSSCH were discussed, as shown in Figure 1. In RAN1#95, we made a working assumption that Option 3 would be supported. In one transmission of PSSCH/PSCCH according to option 3, PSSCH and PSCCH are FDMed on a couple of OFDM symbols and on other OFDM symbols, only the PSSCH is mapped. So for option 3, we need to consider the Tx power sharing and allocation between PSSCH and PSCCH and also the power offset between PSSCH on shared symbol and PSSCH on other symbols. There are different alternatives for allocating Tx power to PSSCH and PSCCH in Option 3:
· Alt1: The PSSCH and PSCCH are allocated with same EPRE. The total Tx power can be calculated based on the sidelink pathloss and total transmission bandwidth of PSSCH and PSCCH. In this alt, we can apply the same Tx power on all symbols in PSSCH/PSCCH.
· Alt2: On the symbols where PSSCH and PSCCH are FDMed, the EPRE of PSCCH is x dB (e.g., 3dB) offset with respect to the EPRE of PSSCH. In general, we can allocate more Tx power to PSCCH for larger coverage distance. For those symbols where only PSSCH is mapped, one method to use the same EPRE of PSSCH in the symbols where PSSCH and PSCCH are mapped. The advantage of this method is the EPRE of PSSCH is same in all the symbols in one transmission. But the shortcoming is the total Tx power on PSSCH-only symbols are smaller. The Tx power is not fully utilized and it results in a Tx power transition within PSSCH transmission. Also, another drawback of this method is that PSSCH transmission power is changing in a given PSSCH transmission, which results in performance degradation due to phase discontinuity. Another method is to apply same Tx power on all OFDM symbols and the UE derives the EPRE offset of PSSCH between the PSSCH-only symbol and PSSCH/PSCCH symbols. 
Proposal 4: Study the Tx power control and allocation for PSSCH and PSCCH for multiplexing Option 3. 
A broadcast transmission is supposed to be targeted to the UEs in the proximity of one UE. Broadcast transmission of PSSCH and PSCCH does not mean the transmitter UE shall use the maximal Tx power. The transmitter UE only needs to use a proper Tx power level that is sufficient to deliver the PSCCH/PSSCH to his/her desired proximity area. Unnecessary high Tx power would cause interference to transmission on other sidelinks. The UE can calculate the Tx power according to a coverage distance where the PSSCH/PSCCH is expected to reach.
Proposal 5: The UE can calculate maximum Tx power for a broadcast transmission based on projected communication distance. 
Dual Connectivity Case 
When the UE is in coverage and the sidelink and Uu interface use shared spectrum, the UE shall control his/her sidelink Tx power to suppress the interference caused by sidelink transmission to the communication in Uu interface. NR supports dual connectivity, which can be EN-DC, NE-DC or NN-DC. When one vehicle UE is in a dual connectivity, the UE would need consider the interference from sidelink transmission to both master BS and secondary BS.
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Figure 2: Sidelink power control in Dual connectivity
An example is shown in Figure 2. Vehicle 2 is only in the coverage of master BS. If shared spectrum is used by sidelink of vehicle 2 and Uu interface of master BS, the vehicle 2 shall take into account the interference to master BS in the calculation of sidelink Tx power. The pathloss to the master BS shall be included at least. The vehicle 1 is in the dual connectivity of master BS and secondary BS. The transmission from vehicle 1 might cause interference to either Master BS or secondary BS or both depending on the spectrum allocation in Uu and sidelink. The vehicle 1 shall calculate the sidelink Tx power for his/her PSSCH/PSCCH transmission by including the pathloss of master BS or secondary BS or both.
Proposal 6: In dual connectivity, the pathloss of both master BS and secondary BS shall be considered in sidelink Tx power calculation. 
Conclusions
In this contribution, we presented our views on sidelink power control. Based on the discussion, the following proposals are provided:
Proposal 1: Open-loop power control parameters are (pre-)configured per resource pool
Proposal 2: Which reference signal is used for pathloss measurement is (pre-)configured.
Proposal 3: Tx power control shall be supported on PSCCH, PSSCH and PSFCH.  
Proposal 4: Study the Tx power control and allocation for PSSCH and PSCCH for multiplexing Option 3. 
Proposal 5: The UE can calculate Tx power for a broadcast transmission based on required communication distance. 
Proposal 6: In dual connectivity, the pathloss of both master BS and secondary BS shall be considered in sidelink Tx power calculation. 
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Annex: Key Agreements on Physical Layer Procedures 
Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios

Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use
Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1
Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS
Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback
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

Agreements:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast
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