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1	Introduction
Regarding the enhancements for HPUE CA/EN-DC, the following objectives are defined in the new WID [1], which will be split into three sub-topics and discussed in details in the sequel. 
High power UE (HPUE) for CA in terrestrial network (TN)
· Specify the generic requirements of high power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands
· Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx
· Specify the requirements for intra-band UL contiguous CA with or without UL-MIMO
· Example band combinations: 
· CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra-band uplink contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· Specify the requirements for intra-band UL non-contiguous CA without UL-MIMO
· Example band combinations: 
· CA_n78(2A), CA_n77(2A) for intra-band uplink non-contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· NOTE: leave the other band combination specific requirements to the corresponding Rel-19 basket WIs
· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA
· Focus on the SAR solution
· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE
· Identify and update the requirements if necessary
· Only PC3 is considered for LTE FDD in EN-DC 
· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs
· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified
· Introduce the signaling to support the above objectives, if needed.
· Consider release independency, if needed



2	Discussion
2.1 PC1.5 UE for NR TDD intra-band UL CA with 2Tx
2.1.1 General consideration
As per the WID, the WI shall focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution, and leave the other band combination specific requirements to the corresponding Rel-19 basket WIs. Since only TDD bands are considered, there will be no REFSENS degradation issue. 
Moreover, for intra-band UL CCA, both TxD and UL-MIMO are to be specified, while for NC CA, only TxD is to be specified.
2.1.2 MPR for intra-band CA
Following the architecture discussions in Rel-17, the max supported CBW for a PA can be either 100MHz or 200MHz. And two PC2 PAs would be needed to reach PC1.5. Hence, the following architecture options should be considered for this WI.
	Arch
	description
	Remarks

	#1
	2x26dBm PA
+ 1LO with 200MHz BW
	a.k.a. dual-Tx or txDiversity

	#2
	2x26dBm PA
+ 2LO with 100MHz BW
	a.k.a. dualPA-Architecture



Proposal 1-1: For both C/NC CA, dual-Tx (two CCs in one PA) and dualPA-Architecture (one CC one PA) architectures should be considered.
Every architecture has pros and cons in terms of max CBW, frequency separation, support of UL MIMO, and etc.
Proposal 1-2: It is proposed to discuss whether down scope the RF architectures for specifying the requirements in terms of contiguous UL CA and/or non-contiguous UL CA.
The dualPA-Architecture using two PC2 PAs have been studied in Rel-17 for PC2 intra-band CA.
Proposal 1-3: Due to similar UE architecture (2x26dBm PA) compared to Rel-17 PC2 assumption, it is proposed to evaluate the net power gain of PC1.5 intra-band C/NC CA compared to PC2.
For PC3 and PC2, it has been specified that the same MPR and A-MPR requirements apply to all component carriers (CCs). In other words, the CA power class applies to all CCs. For example, 
[bookmark: _Toc21344270][bookmark: _Toc29801756][bookmark: _Toc29802180][bookmark: _Toc29802805][bookmark: _Toc36107547][bookmark: _Toc37251313][bookmark: _Toc45888119][bookmark: _Toc45888718][bookmark: _Toc61367363][bookmark: _Toc61372746][bookmark: _Toc68230687][bookmark: _Toc69084100][bookmark: _Toc75467109][bookmark: _Toc76509131][bookmark: _Toc76718121][bookmark: _Toc83580431][bookmark: _Toc84404940][bookmark: _Toc84413549]6.2A.4.1.1	Configured transmitted power for Intra-band contiguous CA
For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.
The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in clause 6.2.4, but with MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR as determined by subclause 6.2A.2 and 6.2A.3, respectively. For PH reporting the following exception applies: if the UE is configured with multiple uplink serving cells, the power PCMAX,c  used for the purpose of PH reporting on first serving cell c = c1 does not consider for computation of the PH report transmissions on a second serving cell c2 as exempted  in subclause 7.7.1 in [8]. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. 

More explicitly, it’s possible for an individual CC to reach the MOP of the CA power class if only this CC has active transmission.
Observation 1-1: For PC3 and PC2, the same intra-band CA power class applies to all UL component carriers.
PC1.5 is usually assumed to be implemented with dual-Tx. Under 2Tx assumption, the output power of two PC2 PAs are combined to reach the MOP of PC1.5. If each CC can be transmitted through both PAs, the output power of each CC shall be able to reach 29dBm when being transmitted alone. 
By contrast, the dualPA-architecture implies that a CC can only be transmitted from one PA, hence the MOP of each CC would be 26dBm. Hence, the PC1.5 intra-band CA implemented with dual-PA behaves like inter-band CA.
Proposal 1-4: Discuss how to treat PC1.5 with dualPA-architecture for intra-band CA, since the MOP of an individual CC is 26dBm instead of 29dBm.
As described in the WID, the WI should “Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution”. Hence, it’s suggested to leave power class and MPR applicability related issues to the dedicated agenda items, e.g.  AI for power class related topics or power domain enhancement.
Proposal 1-5: Power class issue relevant to intra-band UL CA, if needed, could be considered in Rel-18 maintenance part or power boosting and/or MPR reduction part (applicability of MPR) instead of HPUE for CA/DC.  
The WID contains multiple objectives with complicated conditions,  and different understanding may arise.
Proposal 1-6: It is proposed to clarify the WI scope if the understandings of the objectives are diversified.
The PC1.5 MPR requirements for single-carrier UL have been specified for both small and large form factor UEs. It’s suggested to do the same for intra-band CA UL.
Proposal 1-7: Study and if necessary, specify the MPR requirements for both small and large form factor UEs, i.e. minimum antenna isolation = 10 or 20dB.
The following assumptions have been used in the evaluations for PC1.5 single-carrier UL:
· Coupled 2xPC2 and therefore including rIMD
· 4dB post PA losses
· PC2 PAs calibrated at 31dB ACLR at 1dB MPR for 20MHz QPSK 100RB0 waveform
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
· CIM5: 70dBc
· 3GPP SEM & ACLR
Proposal 1-8: Consider reusing the evaluation assumptions for PC1.5 single-carrier UL.
Proposal 1-9: Large measurement campaign is needed for evaluating the PC1.5 MPR requirements for intra-band UL CA including all applicable waveforms and modulation formats.
2.1.3 SAR solution for intra-band CA with PC1.5
In Rel-18, duty-cycle based SAR solution was discussed in 4Rx_low_NR_band_handheld_3Tx_NR_CA_ENDC [2] with 3Tx PC2/PC1.5. Considering the SAR solution in Rel-19 should be applied to specific band combinations to be requested by operators, referring to Rel-18 3Tx, duty-cycle based solution should be considered. Besides, UE implemented P-MPR can be considered as baseline SAR solution. 
Proposal 1-10: UE implemented P-MPR is considered as baseline SAR solution, upon that, only duty-cycle based SAR solution is considered in Rel-19
For intra-band CA/EN-DC, we listed the scenarios for high power UE that have been supported in the previous release and included in Rel-19 scope.
Table 1 Scenarios for intra-band EN-DC/CA high power UE that have been supported in the previous release and included in Rel-19 scope [1][6][10][11]
	
	PC2
	PC1.5

	
	TDD
	FDD
	TDD
	FDD

	Intra-band EN-DC
	contiguous
	Support 
[10][11]
	Not Support
	Support 
[10]
	Not Support

	
	non-contiguous
	Support 
[10][11]
	Not Support
	Support 
[10]
	Not Support

	Intra-band CA

	contiguous
	Support 
[6]
	Not Support
	Included in current Rel-19 scope
w. or w/o UL MIMO
	Not Support

	
	non-contiguous
	Support 
[6]
	Not Support
	Included in current Rel-19 scope
w/o UL MIMO
	Not Support



It is shown in the table above, the intra-band EN-DC with PC1.5 and intra-band CA with PC2 are both supported in the previous releases. And the SAR solutions for intra-band CA with PC1.5 can refer to those designed for the former two if no critical issue are identified.
The duty-cycle based SAR solution for intra-band contiguous and non-contiguous CA with PC1.5 can be defined as follows in sub-clause 6.2A.1.1 and 6.2A.1.2.
	If a UE supports a different power class than the default UE power class for the band combination listed in Table 6.2A.1.1-1/2 and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and half the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if 10 log10 ∑ pEMAX,c or PEMAX,CA which defined in clause 6.2A.4.1.1/2 is 23dBm or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2A.4.1.1/2;
-	else if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than 25% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less t24han one radio frame); or
-	if 10 log10 ∑ pEMAX,c or PEMAX,CA which defined in clause 6.2A.4.1.1/2 is 26dBm or lower;
-	shall apply all requirements for the power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2A.4.1.1/2;
-	else shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2A.4.1.1/2.



With this example, the SAR solution to intra-band CA in PC2 and PC1.5 can be unified to one, based on the current structure of the SAR solution to PC2. And there is no difference of SAR solution between intra-band contiguous and non-contiguous CA.
[bookmark: _Ref162548271]Observation #1-2: The duty-cycle based SAR solution for PC2 and PC1.5 intra-band CA can be unified based on the current structure of the SAR solution for PC2. And there is no difference of the SAR solution between intra-band contiguous and non-contiguous CA.
2.2 HPUE for NR inter-band UL CA and EN-DC with 2Tx and/or 3Tx
2.2.1 General consideration
The existing RF requirements have covered both 2Tx and 3Tx (FWA) UE architecture. No major work is expected except for some extension of the existing framework.
2.2.2 Supported cases and spec impact
The related WID objectives are duplicated below:
· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA
· Focus on the SAR solution
· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE
· Identify and update the requirements if necessary
· Only PC3 is considered for LTE FDD in EN-DC 
· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs
And they can be summarised into Table 1 as below. 
Table 1: WID objectives for HPUE for NR inter-band ULCA and EN-DC
	RAT
	Number of Tx
	Target power class
	Target UE type
	Remarks

	NR inter-band ULCA
	1Tx+2Tx 
	PC2, PC1.5
	handheld
	FWA enabled in R18

	
	1Tx+1Tx 
	PC1.5
	handheld, FWA
	

	EN-DC
	1Tx+2Tx
	PC2, PC1.5
	handheld
	FWA enabled in R18.
PC3 only for LTE FDD

	
	1Tx+1Tx
	PC2, PC1.5
	handheld, FWA
	PC3 only for LTE FDD



It’s not clear what are the applicable combinations of duplex modes (FDD/TDD) as well as power configurations. By contrast, the following power configurations have been considered in Rel-18 for 3Tx FWA [2]:
·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
·   CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)

Proposal 2-1: Based on operators’ demand, the applicable combinations of duplex modes (FDD/TDD) as well as power configurations for the WI can be further clarified.

In RAN4#109, the CR to TS 38.101-1 [3] was approved, which updated or added the following clauses:
· 4.3 Specification suffix information
· [bookmark: _Toc45888060][bookmark: _Toc45888659][bookmark: _Toc61367300][bookmark: _Toc61372683][bookmark: _Toc68230623][bookmark: _Toc69084036][bookmark: _Toc75467043][bookmark: _Toc76509065][bookmark: _Toc76718055][bookmark: _Toc83580365][bookmark: _Toc84404874][bookmark: _Toc84413483]5.5A.3.1	Configurations for inter-band CA (two bands)
· 6.2A.4.1.3  Configured transmitted power for Inter-band CA
· 6.2H.3	Transmitter power for inter-band UL CA with UL MIMO
· 6.2L.3	Transmitter power for inter-band UL CA with Tx Diversity
· 6.3H.3	Output power dynamics for inter-band UL CA with UL MIMO
· 6.3L.3	Output power dynamics for inter-band UL CA with Tx Diversity
· 6.4H.3	Transmit signal quality for inter-band UL CA with UL MIMO
· 6.4L.3	Transmit signal quality for inter-band UL CA with Tx Diversity
· 6.5H.3	Output RF spectrum emissions for inter-band UL CA with UL MIMO
· 6.5L.3	Output RF spectrum emissions for inter-band UL CA with Tx Diversity
· [bookmark: _Toc21344425][bookmark: _Toc29801912][bookmark: _Toc29802336][bookmark: _Toc29802961][bookmark: _Toc36107703][bookmark: _Toc37251477][bookmark: _Toc45888384][bookmark: _Toc45888983][bookmark: _Toc61367701][bookmark: _Toc61373084][bookmark: _Toc68231034][bookmark: _Toc69084447][bookmark: _Toc75467457][bookmark: _Toc76509479][bookmark: _Toc76718469][bookmark: _Toc83580816][bookmark: _Toc84405325][bookmark: _Toc84413934]7.1	General
· 7.3A.2.3	Reference sensitivity power level for Inter-band CA
Similar changes are introduced to TS 38.101-3 in [4].

Proposal 2-2: The Rel-18 3Tx WI (4Rx_low_NR_band_handheld_3Tx_NR_CA_ENDC) has defined the general RF requirements for PC2 and PC1.5 3Tx inter-band CA/EN-DC for FWA, which can be extended for 3Tx handheld UEs.

Proposal 2-3: Update to the existing clauses of RF requirements are needed for adding PC1.5 inter-band UL CA with 2Tx for handheld and FWA, i.e. PC2 1Tx + PC2 1Tx.

Proposal 2-4: For HPUE CA/DC, no BC-specific MSD discussion in this non-spectrum WI, but generic MSD model for deriving PC1.5/PC2 MSD requirements based on existing PC2/PC3 MSD could be considered.

2.2.3 SAR solution for inter-band CA with PC1.5 and inter-band EN-DC with PC1.5/PC2
For inter-band CA, we listed the scenarios for high power UE that have been supported in the previous release and included in Rel-19 scope.
[bookmark: _Ref162384942]Table 3 Scenarios for inter-band CA high power UE that have been supported in the previous release and included in Rel-19 scope [1][2][7][8]
	
	PC2
	PC1.5

	
	FDD + TDD
	TDD + TDD
	FDD + TDD
	TDD + TDD
	FDD + FDD

	Inter-band CA
	2Tx
	Support
	23 + 23
23 + 26 
[7]
	23 + 23
23 + 26
26 + 26 
[7]
	
	
	

	
	
	Included in current 
Rel-19 scope
	
	
	26 + 26
[12]
	26 + 26
[12]
	26 + 26
[12]

	
	3Tx
	Support 
	23 + 26
23 + 23 
[2]
	23 + 26
26 + 26 
[2]
	23 + 29 
[2]
	
	

	
	
	Included in current 
Rel-19 scope
	
	
	26 + 29
[12]
	26 + 26
[12]
	26 + 29
[12]



Table 3 illustrates the scenarios for PC1.5 inter-band CA with possible interests from operators, including PC2+PC2 for 2Tx, and PC2+PC1.5 for 3Tx [12].
The duty-cycle based SAR solution for 2Tx inter-band CA with PC1.5 can be defined as follows in sub-clause 6.2A.1.3.
	If a UE supports a different power class than the default UE power class for the band combination listed in Table 6.2A.1.3-1 and the supported power class enables the higher maximum output power than that of the default power class:
–	if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
–	 if 10 log10 ∑ pEMAX,c or PEMAX,CA which defined in clause 6.2A.4.1.3 is 23dBm or lower;
–	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2A.4.1.3;
–	else if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38. 306 (The exact evaluation period is no less than one radio frame); or
–	 if 10 log10 ∑ pEMAX,c or PEMAX,CA which defined in clause 6.2A.4.1.3 is 26dBm or lower;
–	shall apply all requirements for the power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2A.4.1.3;
–	else;
–	shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2A.4.1.3 (regardless of the average percentage of uplink symbols if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is absent).
The average percentage of uplink symbols is defined as 50%  (DutyNR, x /maxDutyNR,x + DutyNR, y /maxDutyNR,y, ). DutyNR, x, DutyNR, y represent the actual percentage of uplink symbols transmitted in the same evaluation period (The exact evaluation period is no less than one radio frame) for NR Band x, NR Band y respectively; maxDutyNR,x, represent the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306, if UE supports power class 1.5. maxDutyNR,x, maxDutyNR,y represent the field of UE capability maxUplinkDutyCycle-PC2-FR1 per band as defined in TS 38.306, otherwise. For NR Band x or NR Band y, 
–	if power class of band x in the band combination is power class 1.5 and the corresponding UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent;
–	the corresponding maxDutyNR,x is equal to 0.5*maxUplinkDutyCycle-PC2-FR1
–	else if the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent;
–	the corresponding maxDutyNR,x is equal to 25%;
–	if power class of one or both of the bands within the band combination is power class 2 and the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent;
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 50%;
–	else if the band is configured with power class 3;
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 100%.



With this example, the SAR solution to inter-band CA in PC2 and PC1.5 can be unified to one, based on the current structure of the SAR solution to PC2 without the differentiation of duplex mode of the two bands in one band combination. The SAR solutions specified for PC1.5 inter-band CA with 2Tx can be applied to that with 3Tx.
[bookmark: _Ref162548273]Observation #2-1: The duty-cycle based SAR solution for intra-band CA in PC2 and PC1.5 can be unified based on the current structure of the SAR solution for PC2 without differentiation of duplex mode. The SAR solutions specified for PC1.5 inter-band CA with 2Tx can be unified with that for 3Tx.
For inter-band EN-DC, we listed the scenarios for high power UE that have been supported in the previous release and included in Rel-19 scope.
[bookmark: _Ref162543438]Table 4 Scenarios for inter-band EN-DC high power UE that have been supported in the previous release and included in Rel-19 scope [1][2][9][11][12]
	
	PC2
	PC1.5

	
	FDD + TDD
	TDD + TDD
	FDD + FDD
	FDD + TDD
	TDD + TDD
	FDD + FDD

	Inter-band EN-DC
	2Tx
	Support
	23 + 26
23 + 23
[9]
	23 + 23 [11]
	
	
	
	

	
	
	Included in current 
Rel-19 scope
	
	
	23 + 23
[12]
	
	26 + 26
[12]
	

	
	3Tx
	Support
	23 + 26
 [2]
	23 + 23
23 + 26 
[2]
	
	
	
	

	
	
	Included in current 
Rel-19 scope
	
	
	
	
	
	


Table 4 illustrates the scenarios for PC1.5/PC2 inter-band EN-DC with possible interests from operators, including PC3+PC3 for FDD+FDD band combinations with 2Tx, and PC2+PC2 for TDD+TDD band combinations with 2Tx [12].
[bookmark: _Ref162548274]Observation 2-2: The SAR solution to inter-band EN-DC with PC3 FDD+ PC3 FDD may need to be supported in Rel-19.
In Rel-16, two UE capabilities of duty cycle were introduced for inter-band EN-DC SAR solution, including maxUplinkDutyCycle-interBandENDC-TDD-PC2 and maxUplinkDutyCycle-interBandENDC-FDD-TDD-PC2. The two UE capabilities of duty cycle are applicable to TDD+TDD and FDD+TDD, separately. Thus a duty cycle capability for 2Tx FDD+FDD inter-band EN-DC band combination with PC2 may need to be introduced in Rel-19.
· 
	Definitions for parameters
	
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16
Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for NR uplink transmission under different EUTRA TDD uplink-downlink configurations so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for inter-band TDD+TDD EN-DC power class 2 UE as specified in TS 38.101-3 [4]. If the field is absent, 30% shall be applied to all EUTRA TDD uplink-downlink configurations. If eutra-TDD-Configx is absent, 30% shall be applied to the corresponding EUTRA TDD uplink-downlink configuration.
Value n20 corresponds to 20%, value n40 corresponds to 40% and so on.
	BC
	No
	TDD only
	FR1 only

	maxUplinkDutyCycle-interBandENDC-FDD-TDD-PC2-r16
Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for NR uplink transmission and EUTRA FDD uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for inter-band FDD+TDD EN-DC power class 2 UE as specified in TS 38.101-3 [4]. This capability signalling comprises of maxUplinkDutyCycle-FDD-TDD-EN-DC1 and maxUplinkDutyCycle-FDD-TDD-EN-DC2 which indicate the maxUplinkDutyCycle capability of NR band corresponding to different LTE reference configurations as described in TS 38.101-3 [4], clause 6.2B.1.3. Value n30 corresponds to 30%, value n40 corresponds to 40% and so on.
	BC
	No
	N/A
	FR1 only


[bookmark: _Ref162548276]Observation 2-3: A duty cycle capability for 2Tx FDD+FDD inter-band EN-DC band combination with PC2 may need to be introduced in Rel-19.
Besides, the 2Tx inter-band EN-DC with PC2 TDD+ PC2 TDD and the corresponding SAR solution may need to be supported in Rel-19.
[bookmark: _Ref162548278]Observation 2-4: The 2Tx inter-band EN-DC with PC2 TDD+ PC2 TDD in PC1.5 and the corresponding SAR solution may need to be supported in Rel-19.
Although the 3Tx inter-band EN-DC with PC2/PC1.5 are also included in Rel-19 WID scope, no demand from operators is collected until now. Therefore, it is not necessary to consider the SAR solution to 3Tx inter-band EN-DC with PC2/PC1.5 at this stage.
[bookmark: _Ref162548279]Observation 2-5: It is not necessary to further consider SAR solution to 3Tx inter-band EN-DC with PC2/PC1.5 in Rel-19, given that no new demand different from that in Rel-18 from operators until now.

With the analysis above, Rel-19 need to specify four SAR solutions, at least.
A. SAR solutions to intra-band contiguous/non-contiguous TDD CA with PC1.5.
B. SAR solutions to 2Tx/3Tx inter-band CA with PC1.5 applied to any duplex modes of the two bands in one band combination.
C. SAR solution to 2Tx inter-band EN-DC with PC3 FDD+ PC3 FDD.
D. 2Tx and PC1.5 inter-band EN-DC with PC2 TDD+ PC2 TDD.
[bookmark: _Ref161824605][bookmark: _Ref162548318]Proposal 2-5: The SAR solutions required in Rel-19 HPUE are listed in the following table.
	
	
	PC2
	PC1.5

	Intra-band CA
	contiguous
	
	SAR solution is required

	
	non-contiguous
	
	

	Inter-band CA
	2Tx
	
	SAR solution is required

	
	3Tx
	
	

	Inter-band EN-DC
	FDD + FDD
	SAR solution is required
	

	
	TDD + TDD
	
	SAR solution is required



Proposal 2-6: If no consensus on the SAR solution, leave the issue to UE implementation
2.3 Increasing UE transmission power limit for NR inter-band UL CA and EN-DC
For convenience, the WID objective is duplicated below:
Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified
Observation 3-1: The WI scope is to study UL bands with different existing power classes.
For UL bands with equal power classes (such as PC3+PC3 or PC2+PC2), they’re covered by the PC2/PC1.5 inter-band CA/DC objective.
There could be different options for enabling higher power limit for inter-band CA/DC. For example:
Alt-1: Keep the constraint on CA MOP imposed by CA power class, and reuse the higherPowerLimit-r17 capability to indicate the support of changing the P_CMAX_CA upper bound to the sum of MOP per band.
[bookmark: _GoBack]Alt-2: Remove the constraint on CA MOP imposed by CA power class, and modify the P_CMAX_CA requirements so that it’s upper-bounded by the sum of MOP per band;
Alt-1 is the existing solution since Rel-17. Alt-2 has the benefit of enabling a unified framework for UL bands supporting either the same or different power classes. The key question is: is it really necessary to have a total power limit imposed by CA power class?
Proposal 3-1: Consider alternatives to the Rel-17 higherPowerLimit feature to enable higher power limit for inter-band CA/DC if they’re better.
Legacy base stations may still use CA power classes in addition to other factors for scheduling decisions. Hence, backward-compatibility shall be ensured when designing new solutions.
Proposal 3-2: Avoid NBC issues for legacy networks when designing new solutions for increasing UE Tx power limit.
The existing duty-cycle based SAR solution depends on conventional CA power classes. When the total Tx power exceeds the MOP of the CA power class, the applied duty-cycle threshold may need to be reduced. Due to time limit, this issue was not addressed in Rel-17 WI of Power_Limit_CA_DC.
Proposal 3-3: Consider impact to the duty-cycle based SAR solution when the total Tx power exceeds the MOP of the conventional CA power class.
In addition to the power configuration of 23dBm+26dBm or 23dBm+20dBm, there could also be 23dBm+29dBm, 20dBm+29dBm, 20dBm+26dBm and 26dBm+29dBm. Note that 26dBm+29dBm = 30.8dBm, 23dBm+29dBm = 30.0dBm, which are close to PC1 of 31dBm. Generally, PC1 is not targeted for handheld UEs. 
Proposal 3-4: Consider whether to increase the total Tx power limit beyond PC1.5 for handheld UEs.
Given the various combinations of dual-UL MOPs, the MSD requirements for IMD could be affected. Due to time limit, no new requirements were added for PC3+PC2 in Rel-17 WI of Power_Limit_CA_DC.
Proposal 3-5: Consider impact to the MSD requirements, e.g., whether to define MSD requirements for various combinations of per-band power classes such as PC1.5+PC2/3/5, PC2+PC5, etc.
3	Conclusion
In this paper, we have discussed three major aspects for the R19 enhancement of HPUE in TN.  And the following observations and proposals are made:
· PC1.5 UE for NR TDD intra-band UL CA with 2Tx
Proposal 1-1: For both C/NC CA, dual-Tx (two CCs in one PA) and dualPA-Architecture (one CC one PA) architectures should be considered.
Proposal 1-2: It is proposed to discuss whether down scope the RF architectures for specifying the requirements in terms of contiguous UL CA and/or non-contiguous UL CA.
Proposal 1-3: Due to similar UE architecture (2x26dBm PA) compared to Rel-17 PC2 assumption, it is proposed to evaluate the net power gain of PC1.5 intra-band C/NC CA compared to PC2.
Observation 1-1: For PC3 and PC2, the same intra-band CA power class applies to all UL component carriers.
Proposal 1-4: Discuss how to treat PC1.5 with dualPA-architecture for intra-band CA, since the MOP of an individual CC is 26dBm instead of 29dBm.
Proposal 1-5: P Power class issue relevant to intra-band UL CA, if needed, is considered in Rel-18 maintenance part or power boosting and/or MPR reduction part (applicability of MPR) instead of HPUE for CA/DC. 
Proposal 1-6: It is proposed to clarify the WI scope if the understandings of the objectives are diversified.
Proposal 1-7: Study and if necessary, specify the MPR requirements for both small and large form factor UEs, i.e. minimum antenna isolation = 10 or 20dB.
Proposal 1-8: Consider reusing the evaluation assumptions for PC1.5 single-carrier UL.
Proposal 1-9: Large measurement campaign is needed for evaluating the PC1.5 MPR requirements for intra-band UL CA including all applicable waveforms and modulation formats.
Proposal 1-10: UE implemented P-MPR is considered as baseline SAR solution, upon that, only duty-cycle based SAR solution is considered in Rel-19
Observation #1-2: The duty-cycle based SAR solution for PC2 and PC1.5 intra-band CA can be unified based on the current structure of the SAR solution for PC2. And there is no difference of the SAR solution between intra-band contiguous and non-contiguous CA.

· HPUE for NR inter-band UL CA and EN-DC with 2Tx and/or 3Tx

Proposal 2-1: Based on operators’ demand, the applicable combinations of duplex modes (FDD/TDD) as well as power configurations for the WI can be further clarified.

Proposal 2-2: The Rel-18 3Tx WI (4Rx_low_NR_band_handheld_3Tx_NR_CA_ENDC) has defined the general RF requirements for PC2 and PC1.5 3Tx inter-band CA/EN-DC for FWA, which can be extended for 3Tx handheld UEs.

Proposal 2-3: Update to the existing clauses of RF requirements are needed for adding PC1.5 inter-band UL CA with 2Tx for handheld and FWA, i.e. PC2 1Tx + PC2 1Tx.

Proposal 2-4: For HPUE CA/DC, no BC-specific MSD discussion in this non-spectrum WI, but generic MSD model for deriving PC1.5/PC2 MSD requirements based on existing PC2/PC3 MSD could be considered.
Observation 2-1: The duty-cycle based SAR solution for intra-band CA in PC2 and PC1.5 can be unified based on the current structure of the SAR solution for PC2 without differentiation of duplex mode. The SAR solutions specified for PC1.5 inter-band CA with 2Tx can be unified with that for 3Tx.
Observation 2-2: The SAR solution to inter-band EN-DC with PC3 FDD+ PC3 FDD may need to be supported in Rel-19.
Observation 2-3: A duty cycle capability for 2Tx FDD+FDD inter-band EN-DC band combination with PC2 may need to be introduced in Rel-19.
Observation 2-4: The 2Tx inter-band EN-DC with PC2 TDD+ PC2 TDD in PC1.5 and the corresponding SAR solution may need to be supported in Rel-19.
Observation 2-5: It is not necessary to further consider SAR solution to 3Tx inter-band EN-DC with PC2/PC1.5 in Rel-19, given that no new demand different from that in Rel-18 from operators until now.
Proposal 2-5: The SAR solutions required in Rel-19 HPUE are listed in the following table.
	
	
	PC2
	PC1.5

	Intra-band CA
	contiguous
	
	SAR solution is required

	
	non-contiguous
	
	

	Inter-band CA
	2Tx
	
	SAR solution is required

	
	3Tx
	
	

	Inter-band EN-DC
	FDD + FDD
	SAR solution is required
	

	
	TDD + TDD
	
	SAR solution is required


Proposal 2-6: If no consensus on the SAR solution, leave the issue to UE implementation

· Increasing UE transmission power limit for NR inter-band UL CA and EN-DC

Observation 3-1: The WI scope is to study UL bands with different existing power classes.
Proposal 3-1: Consider alternatives to the Rel-17 higherPowerLimit feature to enable higher power limit for inter-band CA/DC if they’re better.
Proposal 3-2: Avoid NBC issues for legacy networks when designing new solutions for increasing UE Tx power limit.
Proposal 3-3: Consider impact to the duty-cycle based SAR solution when the total Tx power exceeds the MOP of the conventional CA power class.
Proposal 3-4: Consider whether to increase the total Tx power limit beyond PC1.5 for handheld UEs.
Proposal 3-5: Consider impact to the MSD requirements, e.g., whether to define MSD requirements for various combinations of per-band power classes such as PC1.5+PC2/3/5, PC2+PC5, etc.
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