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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At the RAN#81 meeting, WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was approved which includes following objective [1]:
	· Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 


In this contribution, we discuss how RRC signalling is used to support the NR-DC power sharing.
2. [bookmark: OLE_LINK98][bookmark: OLE_LINK99]Discussion
For NR-DC power control in FR1, there are two schemes, which are dynamic power sharing and semi-static power sharing. With regard to dynamic power sharing, it is beneficial to guarantee the communication reliability for at least one CG. In other words, dynamic power sharing can improve uplink coverage and throughput. Comparing to dynamic power sharing, semi-static power sharing is easier to implement by way of power hard splitting.
In RAN1#98 meeting, it was agreed to consider the following two alternatives for semi-static power sharing with :
· Alt.1: For the UL transmission in MCG, the UE checks the semi-statically configured direction of the     overlapping symbols of all serving cells of SCG, and vice versa.
· If such overlapping with UL transmission on the SCG is possible (i.e. collides with semi-static ‘UL’ and ‘flexible’ symbols on some CCs of SCG), UE limits its actual transmission power  in MCG such that ; 
· Otherwise (i.e. collides with only semi-static ‘DL’ symbols on all CCs of SCG),  can be up to  and  can be up to.
· Alt.1-1:  and  are configured by RRC signalling. 
· Alt.1-2:  and  are determined by RAN4 requirement. 
· Alt.2: For the uplink transmission in MCG and in SCG, UE limits its actual transmission power  to be up toand  to be up to .
However, for dynamic power sharing with , no agreement was achieved in RAN1 #98 meeting. 
For above two alternatives for semi-static power sharing and dynamic power sharing in NR-DC, it is essential to configure the maximum transmit power used by the UE in each NR CG, i.e.,and , in RAN2 signalling. 
2.1 The maximum transmit power configuration
In EN-DC, the procedure of the maximum transmit power configuration is shown in Figure 1. 

 
Figure 1: The configuration procedure of the maximum transmit power for EN-DC
1. MeNB sends the CG-ConfigInfo message to SgNB, which includes the following powerCoordination-FR1 field to indicate the maximum transmit power to be used by the UE in MCG (p-maxEUTRA), and the maximum transmit power to be used by the UE in SCG across all serving cells in FR1 (p-maxNR-FR1), and the maximum total transmit power to be used by the UE across all serving cells in FR1 (p-maxUE-FR1). 
    powerCoordination-FR1               SEQUENCE {
        p-maxNR-FR1                     P-Max                                OPTIONAL,
        p-maxEUTRA                      P-Max                                OPTIONAL,
        p-maxUE-FR1                     P-Max                                OPTIONAL
    }                                                                        OPTIONAL,
2. SgNB configures the maximum transmit power used by the UE in the SCG across all serving cells in FR1 (p-NR-FR1) according to the fields in powerCoordination-FR1, and sets p-NR-FR1 into the PhysicalCellGroupConfig IE of the RRCReconfiguration message that is sent to the UE.
3. SgNB sends the CG-Config message to the MeNB, in which the RRCReconfiguration message generated by the SgNB is contained. 
4. MeNB configures the maximum transmit power used by the UE in MCG (p-MaxEUTRA-r15) and the maximum total transmit power used by the UE in FR1 (p-MaxUE-FR1-r15). p-MaxEUTRA-r15 and p-NR-FR1 (in container nr-SecondaryCellGroupConfig-r15) are included in RRCConnectionReconfiguration-v1510 IE. p-MaxUE-FR1-r15 is included in RRCConnectionReconfiguration-v1530 IE.
5. MeNB sends RRCConnectionReconfiguration message to the UE, in which RRCConnectionReconfiguration-v1510 and RRCConnectionReconfiguration-v1530 IEs are included.
Observation 1: In EN-DC, the maximum transmit power used by the UE in the NR SCG is configured by the SN. However, in NR-DC, there are two potential alternatives that can be discussed:
· Alt1: Similar to EN-DC, the maximum transmit power used by the UE in the SCG is configured by the SN;
· Alt2: MN configures the maximum transmit power used by the UE in the SCG.
[bookmark: OLE_LINK2]For Alt1, SN anyway sends CG-Config message to the MN to indicate the configured maximum transmit power used by the UE in the SCG, after receiving CG-ConfigInfo message from the MN. However, for Alt2, MN configures the maximum transmit power used by the UE in the SCG and informs the SN this value. This value can be modified by the SN later via requestedP-MaxFR1 field in the CG-ConfigInfo message, if the SN needed. Thus, Alt2 is preferred due to signal overhead and complexity reduction resulting from power control coordination between MN and SN.
Observation 2: In NR-DC, MN can configure the maximum transmit power used by the UE in the SCG, in the perspective of both signal overhead and complexity reduction between MN and SN.
Thus, an example of the configuration procedure of the maximum transmit power for NR-DC as depicted in Figure 2. 

 
Figure 2: The configuration procedure of the maximum transmit power for NR-DC
1. MN configures the maximum transmit power used by the UE in the MCG, and the maximum transmit power used by the UE in the SCG as well as the maximum total transmit power used by the UE. Which information elements of the RRCReconfiguration message the MN may use to include these fields is further discussed in the Section 2.2.
2. MN sends RRCReconfiguration message to the UE, which includes the above configured maximum transmit power parameters. 
3. MN may inform the SN about the configured maximum transmit power used by the UE in the SCG via CG-ConfigInfo message. Section 2.3 also discusses the issue about what information may be necessary to be informed to the SN.
Proposal 1: In NR-DC, MN configures the maximum transmit power used by the UE in the MCG, and in the SCG as well as the maximum total transmit power. MN informs the SN about the configured maximum transmit power used by the UE in the SCG via CG-ConfigInfo message.
2.2 Power configuration
[bookmark: OLE_LINK1]In EN-DC, SgNB configures the maximum transmit power used by the UE in the SCG in FR1 by using the field p-NR-FR1 in PhysicalCellGroupConfig in RRCReconfiguration-IEs of RRCReconfiguration message. Note that in TS 38.331, p-NR-FR1 in PhysicalCellGroupConfig IE supports to configure the maximum transmit power used by the UE in the MCG via RRCReconfiguration-v1530-IEs of RRCReconfiguration message. 
Therefore, in NR-DC, MN can configure the maximum transmit power used by the UE both in the MCG and the SCG by using the following field p-NR-FR1 in the PhysicalCellGroupConfig IE of RRCReconfiguration message.
	p-NR-FR1
The maximum total transmit power to be used by the UE in this NR cell group across all serving cells in frequency range 1 (FR1). The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-UE-FR1 (configured total for all serving cells operating on FR1).


Proposal 2：In NR-DC, MN can configure the maximum transmit power used by the UE both in the MCG and the SCG in FR1 by using the field p-NR-FR1 in the PhysicalCellGroupConfig IE.
In addition to the configuration of the maximum transmit power used by the UE in the MCG and the SCG, a new field p-UE-nrdc-FR1 should be added in the RRCReconfiguration IEs to configure the maximum total transmit power used by the UE for NR-DC in FR1.
Proposal 3: To configure the maximum total transmit power used by the UE for NR-DC in FR1, a new field p-UE-nrdc-FR1 should be added in the RRCReconfiguration IEs.
[bookmark: OLE_LINK188][bookmark: OLE_LINK189]2.3 Power coordination
Based on the descriptions in the Section 2.1, for NR-DC, a new field powerCoordinationNRDC-FR1 can be added in CG-ConfigInfo massage, which supports the MN to inform the SN the configured maximum transmit power used in the SCG in FR1. The field powerCoordinationNRDC-FR1 can be defined as follows:
    powerCoordinationNRDC-FR1               SEQUENCE {
        p-maxNR-MCG-FR1                     P-Max                                OPTIONAL,
        p-ConfigMaxNR-SCG-FR1               P-Max                                OPTIONAL,
        p-maxUE-nrdc-FR1                    P-Max                                OPTIONAL
}
	p-maxNR-MCG-FR1
Indicates the maximum total transmit power to be used by the UE in the NR master cell group in frequency range 1 (FR1).

	p-ConfigMaxNR-SCG-FR1
Indicates the configured maximum total transmit power used by the UE in the NR secondary cell group in frequency range 1 (FR1).

	p-maxUE-nrdc-FR1
Indicates the maximum total transmit power to be used by the UE across all serving cells in frequency range 1 (FR1). 


Proposal 4: A new field powerCoordinationNRDC-FR1 is added in CG-ConfigInfo massage for NR-DC in FR1, that supports the MN to inform the SN the configured maximum transmit power used in the SCG, in which p-maxNR-MCG-FR1, p-maxNR-SCG-FR1 and p-maxUE-nrdc-FR1 are defined for MCG, SCG and UE, respectively.
Proposal 5: RAN2 sends a Ls to inform RAN1 and RAN4 about RAN2 progress and feedback comments, if any on the proposals.
3. Conclusion
In this contribution, we discuss how RRC signalling is used to support the NR-DC for semi-static power sharing, and have the following observations and proposals:
Observation 1: In EN-DC, the maximum transmit power used by the UE in the NR SCG is configured by the SN. Observation 2: In NR-DC, MN can configure the maximum transmit power used by the UE in the SCG, in the perspective of both signal overhead and complexity reduction between MN and SN.
Proposal 1: In NR-DC, MN configures the maximum transmit power used by the UE in the MCG, and in the SCG as well as the maximum total transmit power. MN informs the SN about the configured maximum transmit power used by the UE in the SCG via CG-ConfigInfo message.
Proposal 2：In NR-DC, MN can configure the maximum transmit power used by the UE both in the MCG and the SCG in FR1 by using the field p-NR-FR1 in the PhysicalCellGroupConfig IE.
Proposal 3: To configure the maximum total transmit power used by the UE for NR-DC in FR1, a new field p-UE-nrdc-FR1 should be added in the RRCReconfiguration IEs.
Proposal 4: A new field powerCoordinationNRDC-FR1 is added in CG-ConfigInfo massage for NR-DC in FR1, that supports the MN to inform the SN the configured maximum transmit power used in the SCG, in which p-maxNR-MCG-FR1, p-maxNR-SCG-FR1 and p-maxUE-nrdc-FR1 are defined for MCG, SCG and UE, respectively.
Proposal 5: RAN2 sends a Ls to inform RAN1 and RAN4 about RAN2 progress and feedback comments, if any on the proposals.
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