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Introduction
[bookmark: _Ref178064866]In Rel-15 late drop, only cell group independent power control was supported for NR-DC, since MCG operated only in FR1 and SCG in FR2. For Rel-16, the discussion is still ongoing in RAN1, but it is likely that there will be support for NR-DC operation where MCG and SCG may both operate in FR1 and/or FR2, and thus there will most likely be a need for power coordination across cell groups. In this contribution, we study the impact on RAN2 signaling.
Discussion
Power configuration
We start by revisiting the parameters used in Rel-15 to control the transmit power for NR cell groups. In NR RRC, the following fields in PhysicalCellGroupConfig where used to configure the transmit power for FR1:
	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).

	p-UE-FR1
The maximum total transmit power to be used by the UE across all serving cells in frequency range 1 (FR1) across all cell groups. The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-NR-FR1 (configured for the cell group).



These were used together with p-MaxEUTRA on the E-UTRA side to limit the max power for NR and E-UTRA cell groups respectively. 
· By setting p-NR-FR1 and p-MaxEUTRA such that the sum is smaller or equal to the total allowed UE transmit power for FR1, NR and E-UTRA are allocated fixed shares of the available power within which it can operate. This is sometimes referred to as semi-static power sharing. 
· Setting p-NR-FR1 and p-MaxEUTRA such that the sum is larger than the total allowed UE transmit power for FR1 is only supported for UEs supporting dynamic power sharing, based on UE capability. With dynamic power sharing, when the UE tx power exceeds maximum allowed transmit power for FR1, the UE will scale down or drop the transmit power for the SCG. See the section on dynamic power sharing for more information. 

[bookmark: _Toc16774785]In EN-DC, the possibility to configure max power for E-UTRA and NR cell groups and per UE were defined. 
[bookmark: _Toc16774786]In EN-DC, semi-static power sharing was mandatory supported. Dynamic power sharing was supported based on UE capability.
For Rel-16, the discussion on NR-DC with regards to the support of FR1 and FR2 in MCG and SCG is still ongoing in RAN1 [1]. Based on the discussion so far, it seems likely that configurations with FR2 in both MCG and SCG are very likely to be supported. In this case, there is a need to add corresponding fields to configure the max transmit power across all serving cells operating in FR2 within each cell group, e.g.:
	p-NR-FR2
The maximum total transmit power to be used by the UE in this NR cell group across all serving cells in frequency range 2 (FR2). The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-UE-FR2 (configured total for all serving cells operating on FR2).

	p-UE-FR2
The maximum total transmit power to be used by the UE across all serving cells in frequency range 2 (FR2) across all cell groups. The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-NR-FR2 (configured for the cell group).



[bookmark: _Toc16774781]In case RAN1 agrees on FR2 support in both MCG and SCG for NR-DC, p-NR-FR2 and p-NR-FR2 are added in PhysicalCellGroupConfig to configure the max transmit power for serving cells operating in FR2.
Power coordination
In addition to the fields used to configure the UE, there are also fields defined in inter-node RRC messages to enable the power coordination between MCG and SCG. In Rel-15, the following fields were used in configRestrictInfoSCG of message CG-ConfigInfo by the MN to inform SN of the maximum transmission power allowed per cell group and per UE on FR1:
    powerCoordination-FR1               SEQUENCE {
        p-maxNR-FR1                     P-Max                                OPTIONAL,
        p-maxEUTRA                      P-Max                                OPTIONAL,
        p-maxUE-FR1                     P-Max                                OPTIONAL
    }                                                               OPTIONAL,

	p-maxEUTRA
Indicates the maximum total transmit power to be used by the UE in the E-UTRA cell group (see TS 36.104 [33]).

	p-maxNR-FR1
Indicates the maximum total transmit power to be used by the UE in the NR cell group across all serving cells in frequency range 1 (FR1) (see TS 38.104 [12]) the UE can use in NR SCG.

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

	powerCoordination-FR1
Indicates the maximum power that the UE can use in FR1.



If the SN determines a need to increase its transmit power beyond the allocated maximum transmit power, it can request a change using the field requestedP-MaxFR1 in configRestrictModReq of message CG-Config.
	[bookmark: _Hlk10638728]requestedP-MaxFR1
Requested value for the maximum power for the serving cells on frequency range 1 (FR1) in this secondary cell group (see TS 38.104 [12]) the UE can use in NR SCG.



For Rel-16 NR-DC where both MCG and SCG operate in FR2, we would need corresponding power control parameters to support power coordination between MCG and SCG for carriers operating in FR2. Since FR2 transmission is not supported for E-UTRA, there is no need for an E-UTRA field.
    powerCoordination-FR2               SEQUENCE {
        p-maxNR-FR2                     P-Max                                OPTIONAL,
        p-maxUE-FR2                     P-Max                                OPTIONAL
    }                                                               OPTIONAL,

	p-maxNR-FR2
Indicates the maximum total transmit power to be used by the UE in the NR cell group across all serving cells in frequency range 2 (FR2) (see TS 38.104 [12]) the UE can use in NR SCG.

	p-maxUE-FR2
Indicates the maximum total transmit power to be used by the UE across all serving cells in frequency range 2 (FR2).

	powerCoordination-FR2
Indicates the maximum power that the UE can use in FR2.



[bookmark: _Toc16774782]In case RAN1 agrees on FR2 support in both MCG and SCG for NR-DC, p-maxNR-FR2 and p-max-FR2 are added in ConfigRestictInfoSCG to support power coordination between MCG and SCG for FR2 carriers.
Correspondingly, a new field requestedP-MaxFR2 is needed in e.g. ConfigRestricModReqSCG to allow SN to request a different share of the maximum allowed transmit power on FR2.
[bookmark: _Hlk10638803]    requestedP-MaxFR2               P-Max                                       OPTIONAL,

	requestedP-MaxFR2
Requested value for the maximum power for the serving cells on frequency range 2 (FR2) in this secondary cell group (see TS 38.104 [12]) the UE can use in NR SCG.



[bookmark: _Toc16774783]In case RAN1 agrees on FR2 support in both MCG and SCG for NR-DC, requestedP-MaxFR2 is added in ConfigRestictModReqSCG to support the possibility for SN to request a different share of the FR2 transmit power.
Dynamic power sharing
In Rel-15 EN-DC, UEs capable of dynamic power sharing will drop or scale down the transmit power of SCG when the combined tx power of MCG and SCG grows above the maximum allowed total tx power. The power sharing is controlled by the field xScale in PhysicalCellGroupConfig.
	xScale
The UE is allowed to drop NR only if the power scaling applied to NR results in a difference between scaled and unscaled NR UL of more than xScale dB (see TS 38.101-3 [34]). If the value is not configured for dynamic power sharing, the UE assumes default value of 6 dB.



For Rel-16, the discussion on dynamic power sharing support for NR-DC is still ongoing in RAN1 [1]. From discussion so far, there is wide support for supporting dynamic power sharing for NR-DC, which helps to maintain coverage and avoids transmission power underutilization. Unless support for separate scaling for FR1 and FR2 is introduced, the current field can be reused. 
[bookmark: _Toc16774784]Unless separate scaling for FR1 and FR2 is introduced, the current field xScale is reused for configuring dynamic power sharing in FR2.
Conclusion
[bookmark: _GoBack]In this contribution we made the following observations:
Observation 1	In EN-DC, the possibility to configure max power for E-UTRA and NR cell groups and per UE were defined.
Observation 2	In EN-DC, semi-static power sharing was mandatory supported. Dynamic power sharing was supported based on UE capability.
[bookmark: _Toc7707499]Based on the discussion we propose the following:
Proposal 1	In case RAN1 agrees on FR2 support in both MCG and SCG for NR-DC, p-NR-FR2 and p-NR-FR2 are added in PhysicalCellGroupConfig to configure the max transmit power for serving cells operating in FR2.
Proposal 2	In case RAN1 agrees on FR2 support in both MCG and SCG for NR-DC, p-maxNR-FR2 and p-max-FR2 are added in ConfigRestictInfoSCG to support power coordination between MCG and SCG for FR2 carriers.
Proposal 3	In case RAN1 agrees on FR2 support in both MCG and SCG for NR-DC, requestedP-MaxFR2 is added in ConfigRestictModReqSCG to support the possibility for SN to request a different share of the FR2 transmit power.
Proposal 4	Unless separate scaling for FR1 and FR2 is introduced, the current field xScale is reused for configuring dynamic power sharing in FR2.
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