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1	Introduction
A WF [1] was agreed in RAN4#110bis. It’s expected that companies will share their views on the listed open issues in the coming meeting.
3.1 Applicability of 3Tx requirements for FWA and handheld UE
Agreement online: 
· 3Tx NR-CA configurations and corresponding requirements defined in Rel-18 are applied to handheld UE in Rel-19.
· 3Tx EN-DC configurations and corresponding requirements defined in Rel-18 are applied to handheld UE in Rel-19
3.2 MOP tolerance
Agreement: For 2Tx PC1.5 MOP tolerance, reuse the 3Tx PC1.5 MOP tolerance, i.e., +2/-3dB
3.3 PCMAX tolerance
Agreement: No new requirement required. When 3Tx PC1.5 was introduced in Rel-18, the configured transmitted power clause referred to 2Tx configured transmitted power clause. 
3.4 Configuration for 2Tx inter-band NR-CA/EN-DC
Way forward: 
· For 2Tx inter-band NR-CA, strive to define general requirements in a band-combination configuration agnostic way
· For 2Tx inter-band EN-DC, strive to define general requirements in a band-combination configuration agnostic way, further check whether there is demand on FDD-FDD (PC2 in total)
Note: General requirements here do not include band-combination specific requirements like MSD. 



 

3.5 Configuration for 3Tx inter-band NR-CA/EN-DC
Way forward: 
· No restriction on the power/MIMO configurations of each band in the band combination. 
· Only PC3 is considered for LTE FDD in EN-DC, per the WID
· Both PC2 and PC1.5 are considered for inter-band NR-CA for 3Tx
· In the following basket WI, have the following limitation,
· If the power class is not specified for the single band, this band within a BC cannot have this power class capability
· If UL MIMO is not specified for the single band, this band within a BC cannot have UL MIMO capability
3.6 MSD framework for IMD
Way forward: 
· For 2 Tx PC1.5 inter-band NR-CA, assuming both of the transmitters shall be set min(+26 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
· For 2 Tx PC1.5 inter-band EN-DC, assuming both of the transmitters shall be set min(+26 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
· For 3 Tx PC1.5 inter-band NR-CA, strive to reuse existing 2Tx/3Tx IMD framework/requirements and Rel-19 new 2Tx IMD framework/requirements, for new configurations if any
·  For 3Tx PC2/PC1.5 inter-band EN-DC, follow same approach/methodology as for 3Tx PC2/PC1.5 inter-band NR-CA


2	Discussion
To add PC1.5 for inter-band CA with 2Tx, modifications to the following clauses of TS38.101-1 are expected:
· 6.2A.1.3 UE maximum output power for inter-band CA
· Including: addition of PC1.5 to the MOP table, the reduction of MOP due to the occurrence of ΔPPowerClass, CA
· 6.2A.4.1.3 Configured transmitted power for inter-band CA
In the meantime, ambiguity in PHR calculation for inter-band CA as well as power class fallback have been discussed in previous meetings. CRs to the MOP and the configured Tx power clauses including modifications to the Pcmax formulas were proposed. The proposed changes overlap with the addition to enable PC1.5 for inter-band UL CA. To avoid confusion, we propose:
Proposal 1: Given that the changes would be overlapped, discuss CRs to the Pcmax clause for PC1.5 inter-band CA with 2Tx after the discussions on the legacy power class issues are concluded.
As shown in our previous contribution [2], the following 3Tx (and 2Tx) scenarios are 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 [3][4][5][9]
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Regarding the MSD framework for IMD, the MSD requirements have been discussed in Rel-18 for 23+29 with 3Tx. And the max UL Tx power is set to 23dBm and 27.8dBm, respectively. 
Observation 1: PC1.5 MSD requirements have been defined in Rel-18 for 23+29 with 3Tx.
For the case of 26+29 with 3Tx, the max UL Tx power could be set to 26dBm and 26dBm, respectively, which would be the same for the case of 26+26 with 3Tx.
In the meantime, we’re also trying to specify PC1.5 for 2Tx which is 26+26. Strictly speaking, the MSD for 26+26 with 3Tx could be worse than that for 2Tx since both the main and diversity receivers are directly impacted by the aggressor’s PA.
Proposal 2: RAN4 to decide whether to specify PC1.5 MSD requirements for both IMD caused by 26+26 with 2Tx and IMD caused by 26+26 with 3Tx.
2.1 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 in Table 3 for high power UE that have been supported in the previous release and included in Rel-19 scope.
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 [6].
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: 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 [3][4][6][7][8]
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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 [6].
[bookmark: _Ref162548274]Observation 3: 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 4: 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 5: 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 6: 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 2Tx/3Tx inter-band CA with PC1.5 applied to any duplex modes of the two bands in one band combination.
B. SAR solution to 2Tx inter-band EN-DC with PC3 FDD+ PC3 FDD.
C. 2Tx and PC1.5 inter-band EN-DC with PC2 TDD+ PC2 TDD.
[bookmark: _Ref161824605][bookmark: _Ref162548318]Proposal 3: The SAR solutions required for inter-band CA/EN-DC in Rel-19 HPUE are listed in the following table.
	
	
	PC2
	PC1.5

	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 4: If no consensus on the SAR solution, leave the issue to UE implementation

3	Conclusion
In this paper, we have shared our views on how to move forward for the matter of PC1.5 inter-band UL CA and EN-DC. The following proposals are made:
Proposal 1: Given that the changes would be overlapped, discuss CRs to the Pcmax clause for PC1.5 inter-band CA with 2Tx after the discussions on the legacy power class issues are concluded.
Observation 1: PC1.5 MSD requirements have been defined in Rel-18 for 23+29 with 3Tx.
Proposal 2: RAN4 to decide whether to specify PC1.5 MSD requirements for both IMD caused by 26+26 with 2Tx and IMD caused by 26+26 with 3Tx.
Observation 2: 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 3: The SAR solution to inter-band EN-DC with PC3 FDD+ PC3 FDD may need to be supported in Rel-19.
Observation 4: 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 5: 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 6: 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 3: The SAR solutions required for inter-band CA/EN-DC in Rel-19 HPUE are listed in the following table.
	
	
	PC2
	PC1.5

	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 4: If no consensus on the SAR solution, leave the issue to UE implementation
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