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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed in RAN#83 to introduce a new work item on 5G V2X with NR sidelink [1], in which power control was mentioned to be specified as a sidelink physical layer procedure.
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]
In this contribution, we discuss the power control and power sharing issues for sidelink, including open-loop power control, power control on shared carrier between NR Uu and NR sidelink, power control for PSCCH-PSSCH multiplexing, and PHR report for 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 are supported. In this section, we discuss what 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), PLTXUE-gNB
· Pathloss between TX UE and RX UE, PLTXUE-RXUE
PLTXUE-gNB may be applied for unicast, groupcast, and broadcast, whereas how and if to use PLTXUE-RXUE in groupcast as well as unicast needs discussion. 
· Whether PLTXUE-RXUE is applicable to groupcast? 
· For the power control of TX UE in a group, it is beneficial to have a power control depending on a certain PLTXUE-RXUE, to compensate the path loss between TX UE and RX UEs in a group, analogously to unicast. But the pathloss between TX UE and different RX UEs could be quite different, since there is in general a different pathloss per RX UE. 
· Which Rx UE’s pathloss in a group is used to compensate the transmit power of TX UE? 
· If the power control is based on the smallest pathloss in the group, there will be some RX UEs that cannot receive the signal reliably from TX UE. For groupcast, TX UE needs to ensure the service of QoS requirements throughout the group. Additionally, as agreed for unicast SL-RSRP reported from RX UE to TX UE, multiple SL-RSRPs can be reported by RX UEs for groupcast, such that TX UE can determine the transmit power for the group based on the QoS requirement. While ensuring QoS, the power control can be based on the maximum pathloss between the TX UE and RX UEs to assure all the RX UE can receive the signal reliably.
· 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 or a transmit power too high to achieve this.
Proposal 1: The pathloss between TX UE and RX UEs is also used in groupcast open-loop power control. 
Proposal 2: For groupcast, SL-RSRP is reported from RX UEs to TX UE to derive the pathloss between TX UE and RX UEs. 
Proposal 3: The maximum pathloss between TX UE and RX UEs whilst ensuring QoS requirements are met can be selected for the power control of TX UE. 
We consider two cases for open loop power control when the TX UE is in coverage:
· Case 1: When PLTXUE-RXUE > PLTXUE-gNB 
· If PLTXUE-gNB is used alone, the signal transmitted from the TX UE will not reach the RX UE(s) in some cases.
· If PLTXUE-RXUE is used, whether defined in a group or for a unicast link, the interference from the TX UE to the gNB has to be managed even though the gNB may not know exactly what this pathloss is. In coverage, the gNB is able to use a combination of power control configurations and UL vs. SL resource allocation for this purpose, so long as the interference can be predicted or limited. 
· If the resource used by sidelink is allocated by gNB, i.e. in mode 1, gNB can avoid to allocate some PRBs between the uplink transmission and sidelink transmission and leave some gap to handle the interference. Together with this, the gNB can set  a maximum transmit power for the TX UE to ensure that the inference from sidelink to uplink is managed by the UL vs. SL scheduling.
· From the analysis above, when PLTXUE-RXUE > PLTXUE-gNB, PLTXUE-gNB should be applied to limit the interference to gNB, otherwise gNB can set a maximum transmit power for sidelink transmission.
Proposal 4: When PLTXUE-RXUE > PLTXUE-gNB, pathloss between TX UE and gNB is used for open-loop power control while it can ensure the sidelink communication, otherwise gNB can set a maximum transmit power for sidelink transmission together with suitable UL/SL resource allocation. 
· Case 2: When PLTXUE-RXUE < PLTXUE-gNB
· If the pathloss between TX UE and RX UE is used, the interference from the TX UE to the gNB will be very small. For the sidelink transmission, it’s already satisfied the compensation from TX UE to RX UE either for unicast and groupcast.
· If the pathloss between TX UE and gNB is used, the interference level from the TX UE to the gNB is the same with LTE sidelink. For the sidelink transmission, it may be better to improve the probability of correct reception in the RX UE side, but the interference to other sidelink transmissions nearby will be increased.
· From the analysis of above, for the case that PLTXUE-RXUE < PLTXUE-gNB, the pathloss between TX UE and RX UE should be applied to reduce the interference to other sidelink transmissions nearby.
Proposal 5: When PLTXUE-RXUE < PLTXUE-gNB, pathloss between TX UE and RX UE(s) should be used for open-loop power control for both unicast and groupcast. 
Power control for PSCCH-PSSCH multiplexing option 3
For NR SL, the transmitter power of users depend on the maximum output power and the physical link budget. Link budget is the total pathloss/gain over the link, compared to which the UE needs a certain transmission power to achieve a desired link quality. Maximum output power is the upper bound of the tolerable link budget, so the transmitter power of UE should be the minimum of both.
[image: ]
Figure 1 PSCCH-PSSCH multiplexing option 3
For PSCCH-PSSCH multiplexing option 3, the slot can be divided into two parts as part A and part B in figure 1, where MPSCCH means the bandwidth of PSSCH, and MPSSCH means the bandwidth of PSSCH. In part A, the PSSCH and PSCCH have overlap in time domain, and have no overlap in frequency domain. In part B, PSSCH and PSCCH have no overlap in time domain, and have overlap in frequency domain. For part A, because PSSCH and PSCCH have overlap in time domain, there will be a power allocation principle between PSSCH and PSCCH.
LTE V2X power control relies on the principles of power sharing between PSSCH and PSCCH according to their proportionate bandwidth allocation, together with a 3 dB power boost for PSCCH. Following the same design for NR V2X, the maximum output power of PSSCH in part A is:

Accordingly, the maximum output power of PSCCH is:

Considering the QoS requirement and transmit bandwidth, the physical link budget can be given by
  
Where the parameter  means the target received power,  can refer to the description in section 2.1, M is the actual transmission bandwidth of the channel,   is the path-loss compensation coefficient which is provided by higher layer parameters. Combining the two assumptions together, the transmit power of PSSCH in part A and PSCCH can be given by


Proposal 6: The power allocation principle between PSSCH and PSCCH should be based on the proportion of allocated bandwidth.
Proposal 7: PSCCH has an additional 3 dB power boost relative to PSSCH. 
Based on the definition of RAN4 [3], the transmit power time mask defines the transient period allowed between continuous ON-power transmission with power changes. Then for multiplexing option 3, if the total transmit power of part A and part B is different, there will be configured a transient period in the transmit time interval, in FR1 which will caused a performance decreasing for 15 kHz and 30 kHz SCS, and a blank symbol for 60 kHz SCS. To avoid this issue, UEs are not expected to transmit with different power during a slot. Then the two parts of PSSCH may be sent with different PSD to maintain a constant total transmit power from the UE within the slot. Based on the above assumptions, the transmit power of PSSCH part B is:

[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 8: UE has a constant total transmit power with in a slot, and the transmit power of PSSCH is therefore different in symbols where PSCCH is present to symbols where it is not.
Power sharing for sidelink
Power sharing between NR Uu and NR sidelink
It was agreed that both shared licensed carrier between Uu and NR sidelink and dedicated NR sidelink carrier are supported. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For non-CA scenario, on dedicated NR sidelink carrier, no simultaneous transmission issues between UL and sidelink need to be solved since uplink transmission cannot happen on dedicated carrier. For shared carriers, 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. 
Proposal 9: At least TDM between NR Uu and NR sidelink should be supported on shared carrier.
For FDM in a shared carrier, the power control scheme in LTE for simultaneous transmission in dedicated NR sidelink carrier is that the UE can drop transmission of UL or SL according to the PPPP values, such that the maximum transmission power is not exceeded, with power guaranteed for high-priority UL transmissions. It can be a baseline solution reused in NR V2X shared carriers.
Proposal 10: For a shared Uu-PC5 carrier, power sharing between UL BWP and SL BWP is based on the LTE procedures for a dedicated V2X carrier.
For CA scenario, with a dedicated sidelink carrier, the power sharing between NR Uu and NR sidelink from the total transmit power should be solved. In LTE, when transmitting a sidelink packet, if a UE uplink transmission on a serving cell overlaps in time domain with a sidelink transmission on another serving cell where the sidelink transmission does not occur, and the PPPP in the corresponding SCI format 1 is smaller than a PPPP threshold defined by higher layers, the UE adjusts the uplink transmission power such that total transmission power does not exceed maximum transmission power. The mechanism in LTE can be a baseline for NR sidelink groupcast/broadcast where the sidelink QoS will be packet-based also in NR V2X. For NR sidelink unicast, as QoS framework is based on QoS flow, which is similar with NR uplink, QoS requirement between NR uplink and sidelink data packet can be compared so that transmission power of low priority data can be scaled such that total transmission power does not exceed maximum transmission power. FDM between NR Uu and NR sidelink should be based on UE capability, since not all UEs need to support power sharing functionality.
Proposal 11: If a UE uplink transmission on a serving cell overlaps in time domain with a sidelink transmission on another serving cell where the sidelink transmission does not occur
· [bookmark: OLE_LINK31]Power control scheme in LTE can be baseline for NR sidelink groupcast/broadcast.
· [bookmark: OLE_LINK32]Power control scheme should take the QoS framework into account for NR sidelink unicast.
PHR report 
Since unicast is supported for NR V2X, more accurate power control mechanism is needed to adjust sidelink transmit power. In uplink, power headroom report is utilized to adjust power and allocate resources. For NR V2X mode 1, introducing sidelink PHR report to gNB can help gNB to adjust TX UE’s power more accurately for unicast, and allocate resources for NR V2X mode 1 transmission. 
Some issues should be considered to introduce PHR for sidelink. Firstly, the triggering condition. The triggering conditions in NR uplink MAC entity can be a baseline, and resource pool switching can be further studied as a candidate triggering condition. Secondly, calculation of sidelink PHR, which should take PSCCH-PSSCH multiplexing structure into consideration. Thirdly, how to carry sidelink PHR in MAC CE, and this issue can be studied by RAN2. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 12: Introduce a PHR report for the sidelink of NR V2X for mode 1.
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 is also used in groupcast open-loop power control. 
Proposal 2: For groupcast, SL-RSRP is reported from RX UEs to TX UE to derive the pathloss between TX UE and RX UEs. 
Proposal 3: The maximum pathloss between TX UE and RX UEs whilst ensuring QoS requirements are met can be selected for the power control of TX UE. 
Proposal 4: When PLTXUE-RXUE > PLTXUE-gNB, pathloss between TX UE and gNB is used for open-loop power control while it can ensure the sidelink communication, otherwise gNB can set a maximum transmit power for sidelink transmission together with suitable UL/SL resource allocation. 
Proposal 5: When PLTXUE-RXUE < PLTXUE-gNB, pathloss between TX UE and RX UE(s) should be used for open-loop power control for both unicast and groupcast
Proposal 6: The power allocation principle between PSSCH and PSCCH should be based on the proportion of allocated bandwidth.
Proposal 7: PSCCH has an additional 3 dB power boost relative to PSSCH. 
Proposal 8: UE has a constant total transmit power with in a slot, and the transmit power of PSSCH is therefore different in symbols where PSCCH is present to symbols where it is not.
Proposal 9: At least TDM between NR Uu and NR sidelink should be supported on shared carrier.
[bookmark: _GoBack]Proposal 10: For a shared Uu-PC5 carrier, power sharing between UL BWP and SL BWP is based on the LTE procedures for a dedicated V2X carrier.
Proposal 11: If a UE uplink transmission on a serving cell overlaps in time domain with a sidelink transmission on another serving cell where the sidelink transmission does not occur
· Power control scheme in LTE can be baseline for NR sidelink groupcast/broadcast.
· Power control scheme should take the QoS framework into account for NR sidelink unicast.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 12: Introduce a PHR report for the sidelink of NR V2X for mode 1.

References
[bookmark: _Ref531705449][bookmark: _Ref531714032][bookmark: _Ref167612875][bookmark: _Ref167612671][bookmark: _Ref531637177][bookmark: _Ref531705286]RP-190766, “New WID on 5G V2X with NR sidelink”, LG Electronics, Huawei, RAN#83, Shenzhen, China, March 18-21, 2019.
R1- 1906015, “In-device coexistence between LTE and NR sidelinks,” Huawei, HiSilicon, RAN1 #97 Meeting, Reno, US, May 13-17, 2019.
TS 38.101-1
R1-1906597, “BWP operation for V2X sidelink,” Huawei, HiSilicon, RAN1 #97 Meeting, Reno, US, May 13-17, 2019.


[bookmark: OLE_LINK15]Appendix
Agreements on power control in the previous meetings
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
At RAN1#96, the following agreements were agreed.
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 
· TPC commands for SL PC are not supported

image1.emf
 

M

PSCCH

M

PSSCH

Part B Part A


