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1. Introduction
In RAN4 LS received at RAN2 #103, RAN2 is asked to introduce signalling for enabling power boosting for pi/2 BPSK as excerpted from the LS below [1].
-	RAN4 has decided to enable power boosting for PI/2 BPSK for TDD bands n40, n77, n78 and n79 with duty cycle less than 40% and will be defined in RAN4 spec (38.101-1).
-	In order to enable this, a one bit RRC flag (e.g. IE [P-Boost-BPSK]), for the network optionally to indicate to a PC3 UE that it may use power boosting on top of the IE P-Max, is to be defined per band.
This paper discusses how to introduce the signalling for 1) a single cell case and 2) NR CA/EN-DC in FR1.
2. Discussion
2.1. Single cell case
The latest 38.101-1 defines the following rules when the power boosting is enabled for pi/2 BPSK:
-	When the IE [P-Boost-BPSK] is set to 1, ΔPPowerClass = -3 dB for a power class 3 capable UE operating in TDD bands n40, n77, n78, and n79 with PI/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission.
-	When the IE [P-Boost-BPSK] is set to 1, PEMAX,c is increased by +3 dB for a power class 3 capable UE operating in TDD bands n40, n77, n78, and n79 with PI/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission when PEMAX,c ≥ 20 dBm.
These rules affect the upper bound of the configured maximum output power PCMAX_H,f,c as defined below:
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
Therefore, the 1st bullet means that the maximum UE power (PPowerClass – ΔPPowerClass) becomes 26 dBm for pi/2 BPSK. The 2nd bullet means that PEMAX,c = P-Max + 3dB for pi/2 BPSK, if the P-Max is broadcast on the serving cell and P-Max ≧ 20 dBm. Given that P-Max is broadcast per cell, it is straightforward that the power boosting bit is signalled per cell as well. pi/2 BPSK can be enabled for PUCCH and PUSCH via UE dedicated configuration (i.e. PUCCH-Config and PUSCH-Config), if supported by the UE. In that sense, the power boosting bit should also be UE dedicated configuration. To support the single cell case, at least, the following is needed:
Proposal 1:	The power boosting indicator for pi/2 BPSK is added into UplinkConfig (present in ServingCellConfig) as backward compatible.
2.2. NR CA/EN-DC in FR1
In the recent meetings, RAN2 discussed additional power class and power restriction (i.e. p-NR-FR1, p-UE-FR1) for NR CA/EN-DC in FR1 [3, 4]. Although the latest 38.101(-1/2/3) specs have not specified the power boosting for pi/2 BPSK in case of NR CA/EN-DC in FR1, some of the issues can be envisaged, if supported.
For the single cell case, PEMAX,c = P-Max + 3dB for pi/2 BPSK, if power boosting is enabled. In EN-DC for which the UE uses dynamic power sharing, RAN2 informed RAN1/4 of RAN2 understanding that transmission power is shared in accordance to the condition, “p-LTE + p-NR-FR1 > min {p-UE-FR1, power class}”. It is not clear where the 3dB boosting is applied. Given that pi/2 BPSK is a NR feature, one possible idea is that p-NR-FR1 is increased by + 3dB. On the other hand, an NR cell group may include FR1 bands for which power boosting for pi/2 BPSK is supported and not supported. In this case, transmission power is further restricted by PCMAX per serving cell.
UE power class defined per band combination is another issue to be clarified. If the NR side of band combination includes only FR1 bands where power boosting for pi/2 BPSK is supported, it is intuitive that the maximum UE power can be increased by + 3dB as for the single cell case. In contrast, if the NR side of band combination includes FR1 bands where power boosting for pi/2 BPSK is supported and not supported, it is questionable if the UE power class defined per band combination can be increased by + 3dB.
If dynamic power sharing is not supported, i.e. “p-LTE + p-NR-FR1 ≦ min {p-UE-FR1, power class}”, it is not clear if power boosting is applicable even in the NR side. Since the UE cannot dynamically change the Tx power on-the-fly, the UE anyway has to follow the static maximum power, P-NR-FR1.
All in all, it is worth to ask RAN4 whether power boosting for pi/2 BPSK is supported in case of NR CA/EN-DC in FR1, and if so, how it works with dynamic/semi-static power sharing.
3. Summary and proposal
This paper discussed how to introduce the power boosting indicator for pi/2 BPSK. For the single cell case, it is straightforward how it looks like. In contrast, it is not clear how the power boosting for pi/2 BPSK works in case of NRCA/EN-DC in FR1. In conclusion, the followings are proposed:
Proposal 1:	The power boosting indicator for pi/2 BPSK is added into UplinkConfig (present in ServingCellConfig) as backward compatible.
Proposal 2:	Ask RAN4 whether power boosting for pi/2 BPSK is supported in case of NR CA/EN-DC in FR1, and if so, how it works with dynamic/semi-static power sharing.
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5. Example of ASN.1 extension on proposal 1
[bookmark: _Toc510018691]–	ServingCellConfig
The ServingCellConfig IE is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts).
ServingCellConfig information element
-- ASN1START
-- TAG-SERVING-CELL-CONFIG-START

ServingCellConfig ::=				SEQUENCE {
	tdd-UL-DL-ConfigurationDedicated	TDD-UL-DL-ConfigDedicated												OPTIONAL,	-- Cond TDD

	initialDownlinkBWP					BWP-DownlinkDedicated													OPTIONAL,	-- Need M
	downlinkBWP-ToReleaseList			SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id								OPTIONAL,	-- Need N
	downlinkBWP-ToAddModList			SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink						OPTIONAL, 	-- Need N
[bookmark: _Hlk508205041]	firstActiveDownlinkBWP-Id			BWP-Id																	OPTIONAL,	-- Cond SyncAndCellAdd
	bwp-InactivityTimer					ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, 
													ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500, 
													ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8, 
													spare7, spare6, spare5, spare4, spare3, spare2, spare1 }	OPTIONAL,	--Need R	
	defaultDownlinkBWP-Id				BWP-Id																	OPTIONAL, 	-- Need S

	uplinkConfig						UplinkConfig															OPTIONAL,	-- Need M
	supplementaryUplink					UplinkConfig 															OPTIONAL, 	-- Need M

	pdcch-ServingCellConfig				SetupRelease { PDCCH-ServingCellConfig }								OPTIONAL,	-- Need M
	pdsch-ServingCellConfig				SetupRelease { PDSCH-ServingCellConfig }								OPTIONAL,	-- Need M
	csi-MeasConfig						SetupRelease { CSI-MeasConfig }											OPTIONAL,	-- Need M
	sCellDeactivationTimer				ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240, 
													ms320, ms400, ms480, ms520, ms640, ms720, 
													ms840, ms1280, spare2,spare1}					OPTIONAL,	-- Cond ServingCellWithoutPUCCH
	crossCarrierSchedulingConfig		CrossCarrierSchedulingConfig											OPTIONAL,	-- Need M
	tag-Id								TAG-Id,
	ue-BeamLockFunction					ENUMERATED {enabled}													OPTIONAL,	-- Need R
	pathlossReferenceLinking			ENUMERATED {pCell, sCell}												OPTIONAL,	-- Cond SCellOnly
	servingCellMO						MeasObjectId															OPTIONAL,	-- Cond MeasObject
	...
}

UplinkConfig ::=					SEQUENCE {
	initialUplinkBWP					BWP-UplinkDedicated														OPTIONAL, 	-- Need M
	uplinkBWP-ToReleaseList				SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id								OPTIONAL,	-- Need N
[bookmark: _Hlk505587232]	uplinkBWP-ToAddModList				SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink							OPTIONAL, 	-- Need N
[bookmark: _Hlk508205087]	firstActiveUplinkBWP-Id				BWP-Id																	OPTIONAL,	-- Cond SyncAndCellAdd

[bookmark: _Hlk509258583]	pusch-ServingCellConfig				SetupRelease { PUSCH-ServingCellConfig }								OPTIONAL,	-- Need M
	carrierSwitching					SetupRelease { SRS-CarrierSwitching	}									OPTIONAL,	-- Need M
	...,
	[[	powerBoostPi2BPSK				ENUMERATED {enabled}			OPTIONAL	-- Need R
	]]
}

-- TAG-SERVING-CELL-CONFIG-STOP
-- ASN1STOP

	ServingCellConfig field descriptions

	bwp-InactivityTimer
The duration in ms after which the UE falls back to the default Bandwidth Part. (see 38.321, section 5.15) The value 0.5 ms is only applicable for carriers >6 GHz. When the network releases the timer configuration, the UE stops the timer without swithching to the default BWP.

	crossCarrierSchedulingConfig
Indicates whether this serving cell is cross-carrier scheduled by another serving cell or whether it cross-carrier schedules another serving cell.

	defaultDownlinkBWP-Id
Corresponds to L1 parameter 'default-DL-BWP'. The initial bandwidth part is referred to by BWP-Id = 0. ID of the downlink bandwidth part to be used upon expiry of the BWP inactivity timer. This field is UE specific. When the field is absent the UE uses the the initial BWP as default BWP. (see 38.211, 38.213, section 12 and 38.321, section 5.15)

	downlinkBWP-ToAddModList
List of additional downlink bandwidth parts to be added or modified. (see 38.211, 38.213, section 12).

	downlinkBWP-ToReleaseList
List of additional downlink bandwidth parts to be released. (see 38.211, 38.213, section 12).

	firstActiveDownlinkBWP-Id
If configured for an SpCell, this field contains the ID of the DL BWP to be activated upon performing the RRC (re-)configuration. If the field is absent, the RRC (re-)configuration does not impose a BWP switch (corresponds to L1 parameter 'active-BWP-DL-Pcell'). 
If configured for an SCell, this field contains the ID of the downlink bandwidth part to be used upon MAC-activation of an  SCell. The initial bandwidth part is referred to by BWP-Id = 0.
Upon reconfigurationWithSync (PCell handover, PSCelladdition/change), the network sets the firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id to the same value.

	initialDownlinkBWP
The dedicated (UE-specific) configuration for the initial downlink bandwidth-part.

	pathlossReferenceLinking
Indicates whether UE shall apply as pathloss reference either the downlink of PCell or of SCell that corresponds with this uplink (see 38.213, section 7)

	pdsch-ServingCellConfig
PDSCH releated parameters that are not BWP-specific.

	sCellDeactivationTimer
SCell deactivation timer in TS 38.321 [3]. If the field is absent, the UE applies the value infinity.

	servingCellMO
measObjectId of the MeasObjectNR in MeasConfigwhich is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: if ssbFrequency is configured, its value is the same aslike the absoluteFrequencySSB and if csi-rs-ResourceConfigMobility is configured, the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList.   

	tag-Id
Timing Advance Group ID, as specified in TS 38.321 [3],  which this cell belongs to.

	ue-BeamLockFunction
Enables the "UE beam lock function (UBF)", which disable changes to the UE beamforming configuration when in NR_RRC_CONNECTED. FFS: Parameter added preliminary based on RAN4 LS in R4-1711823. Decide where to place it (maybe ServingCellConfigCommon or in a BeamManagement IE??)



	UplinkConfig field descriptions

	carrierSwitching
Includes parameters for configuration of carrier based SRS switching Corresponds to L1 parameter 'SRS-CarrierSwitching' (see 38.214, section FFS_Section).

	firstActiveUplinkBWP-Id
If configured for an SpCell, this field contains the ID of the UL BWP to be activated upon performing the RRC (re-)configuration. If the field is absent, the RRC (re-)configuration does not impose a BWP switch (corresponds to L1 parameter 'active-BWP-UL-Pcell'). 
If configured for an SCell, this field contains the ID of the uplink bandwidth part to be used upon MAC-activation of an  SCell. The initial bandwidth part is referred to by BandiwdthPartId = 0.

	initialUplinkBWP
The dedicated (UE-specific) configuration for the initial uplink bandwidth-part.

	powerBoostPi2BPSK
If this field is set to enabled, when pi/2 BPSK is used, the configured maximum output power for this serving cell is derived according to TS 38.101 (Section X.Y.Z).

	pusch-ServingCellConfig
PUSCH related parameters that are not BWP-specific.

	supplementaryUplink
The field is optionally present if supplementaryUplinkConfig is configured in ServingCellConfigCommon and absent otherwise.

	uplinkBWP-ToReleaseList
The additional bandwidth parts for uplink. In case of TDD uplink- and downlink BWP with the same bandwidthPartId are considered as a BWP pair and must have the same center frequency.

	uplinkConfig
The field is optionally present if uplinkConfigCommon is configured in ServingCellConfigCommon, and absent otherwise.



	Conditional Presence
	Explanation

	MeasObject
	This field is mandatory present for the SpCell if the UE has a measConfig, and it is optionally present, Need M, for SCells.

	SCellOnly
	This field is optionally present, Need R, for SCells. It is absent otherwise. 

	ServingCellWithoutPUCCH
	This field is optionally present, Need S, for SCells except PUCCH SCells. It is absent otherwise.

	SyncAndCellAdd
	This field is mandatory present, Need N, for a SpCell upon reconfigurationWithSync (PCell handover, PSCelladdition/change) and upon RRCsetup/RRCResume/RRCReestablishment. 
The field is mandatory present, Need M, for an SCell upon addition. 
For SpCell, the field is optionally present, Need N, upon reconfiguration without reconfigurationWithSync.
In all other cases the field is absent.

	TDD
	This field is optionally present, Need R, for TDD cells. It is absent otherwise.
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