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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN4 #110bis meeting, RAN4 agreed the WF for HP inter-band CA/DC including 2Tx/3Tx UE RF enhancements in Rel-19 [1]. In the WF, RAN4 has agreed the Rel-18 3Tx related RF requirements will be applied to 3Tx HH UE in Rel-19. Also, RAN4 has decided the MOP tolerance, Pcmax tolerance and strive the general RF core requirements as band-combination configuration agnostic way.
The major SAR solution and RF architecture for high power (PC1.5) for intra-band contiguous CA/non-contiguous CA will be further discussed to down select the candidate options.
The detail FFS issues are list up based on WF [1] as follow:

	2-band Inter-band UL NR-CA/EN-DC with 2Tx and/or 3Tx [1]
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



 
In this paper, we propose how to define the RF requirements for high power CA/DC UE for inter-band including 2Tx/3Tx.
2. Consideration for High power inter-band CA/DC UE with 2Tx/3Tx 

For PC1.5 inter-band CA/DC with 2Tx/3Tx work scope in the Rel-19 WI, RAN4 will focus on the SAR solution for CA and EN-DC with 2Tx/3Tx and investigate whether to support new power classes to increasing UE transmitted power limit up to accumulate max. output power.  
2.1 Power combination of PC1.5/PC2 inter-band CA/DC operation with 2Tx and 3Tx
In last RAN plenary, the detail objectives were finalized to focus on SAR solution for 2Tx/3Tx inter-band CA/DC operation.
Also, RAN4 need to investigate whether define some new Power classes to support different PC combination between two inter-band CA/DC UE or not.
In the WI in Rel-19, RAN4 can reuse the existing power class to support new CA/DC band combinations as below in Rel-19.
   
· Proposed inter-band CA/DC band combinations with 2Tx/3Tx  
· 2Tx CA/DC combinations
· 1Tx PC2 in Band X (i.e., n77, n78, n79 without UL-MIMO) + 1Tx PC2 in Band Y
· The power class combination already specified in TS38.101-1 and TS38.101-3
· 1Tx PC2 in Band X (i.e., n77, n78, n79 without UL-MIMO) + 1Tx PC3 in Band Y 
 PC 2 CA/DC combinations

· 3Tx CA/DC combinations
· 2Tx PC2 in Band X (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC2 in Band Y
· The power class combination already specified in TS38.101-1 and TS38.101-3
· 2Tx PC2 in Band X (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC3 in Band Y 
 PC 2 CA/DC combinations
· 2Tx PC1.5 in Band X (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC2 in Band Y 
 PC 1.5 CA/DC combinations
· 2Tx PC1.5 in Band X (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC3 in Band Y 
 PC 1.5 CA/DC combinations

Proposal 1: RAN4 can define the above high power inter-band CA/DC band combinations with 2Tx/3Tx in the related Basket WIs in Rel-19. In the Rel-19 UE RF enhancement WI, RAN4 only focus on general RF requirements for high power inter-band CA/DC UE.
For the investigation of whether to define some new Power classes for CA/DC UE to support different PC combination between two inter-band CA/DC UE, 
In the WI in Rel-19, RAN4 can reuse the existing power classes as PC1.5/PC2 CA/DC band combinations to support PC1.5 + PC2/PC3 or PC2 + PC3 in Rel-19. However, RAN4 need to open the variable approaches how to support the increase UE transmit power as sum of each power class per band.

Proposal 2: To support increase the accumulated power for inter-band CA/DC band combinations UE, RAN4 can investigate how to apply the actual increase UE transmit power based on the above CA/DC power combinations with the existing power classes in Rel-19.

2.2 SAR solution of PC1.5/PC2 inter-band CA/DC operation with 2Tx and 3Tx
For the high-power inter-band CA/DC UE, RAN4 need to discuss how to comply the SAR regulatory requirements in each region or country.
Specially PC2 TDD + PC3 FDD band combinations, RAN4 need to define the detail SAR solution. In PC2 FDD band WI in Rel-16, RAN4 decided to consider the duty-cycle approach even though FDD band case.
Also, in FR2 MPE regulatory requirements, RAN4 already considered both duty-cycle limitation and P-MPR approach in Rel-17.
So, both Duty-cycle limitation and P-MPR approach will be applied to the high-power CA/DC UE combinations.  

Proposal 3: For the SAR regulation requirements of high-power inter-band CA/DC UE, RAN4 can consider both duty cycle limitation and P-MPR approach from Rel-19 as same in FR2 MPE solutions.

2.3 General RF requirements for PC1.5/PC2 inter-band CA/DC UE with 2Tx and 3Tx
For the high-power CA/DC UE with 2Tx/3Tx, RAN4 can reuse the suffix A (2Tx CA), suffix H (3Tx w/ UL-MIMO) & suffix L (3Tx w/Tx Diversity) in TS38.101-1.
The following General RF requirements will be updated to support the high-power inter-band CA UE in TS38.101-1. The similar specification work for high power inter-band EN-DC band combinations are expected in TS38.101-3.
  
3. [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)
This clause will be updated to support the specific UL/DL configuration for high power inter-band CA band combinations.

3. 6.2A.4.1.3   Configured transmitted power for Inter-band CA
The existing configured Tx power for single band in clause 6.2.4 will be applied per band. For the MPR, A-MPR and P-MPR can be applied per band. 

3. 6.2H.3	Transmitter power for inter-band UL CA with UL MIMO
Individual two bands uplink CA band combinations with UL-MIMO in single band will be updated to support the PC1.5/PC2 UE power classes in Table 6.2H.3.1-1. To comply of the SAR regulation, RAN4 will add the SAR solutions with both P-MPR and duty cycle limitation or either way in the clause. 

3. 6.2L.3	Transmitter power for inter-band UL CA with Tx Diversity
Individual two bands uplink CA band combinations with Tx diversity in single band will be updated to support the PC1.5/PC2 UE power classes in Table 6.2L.3.1-1. To comply of the SAR regulation, RAN4 will add the SAR solutions with both P-MPR and duty cycle limitation or either way in the clause.

3. 6.3H.3	Output power dynamics for inter-band UL CA with UL MIMO
The same requirements for 3Tx CA UE will be applied for PC1.5/PC2 inter-band CA with UL-MIMO in Rel-19, such as minimum output power, Transmit OFF power, Transmit ON/OFF time mask and power control mechanism per band. 

3. 6.3L.3	Output power dynamics for inter-band UL CA with Tx Diversity
The same requirements for 3Tx CA UE will be applied for PC1.5/PC2 inter-band CA with TxD in Rel-19, such as minimum output power, Transmit OFF power, Transmit ON/OFF time mask and power control mechanism per band. 

3. 6.4H.3	Transmit signal quality for inter-band UL CA with UL MIMO
The same requirements for 3Tx CA UE will be applied for PC1.5/PC2 inter-band CA with UL-MIMO in Rel-19, such as frequency error, transmit modulation quality (EVM, carrier, leakage, in-band emission, spectrum flatness and phase continuity) per band. 

3. 6.4L.3	Transmit signal quality for inter-band UL CA with Tx Diversity
The same requirements for 3Tx CA UE will be applied for PC1.5/PC2 inter-band CA with TxD in Rel-19, such as frequency error, transmit modulation quality (EVM, carrier, leakage, in-band emission, spectrum flatness and phase continuity) per band.

3. 6.5H.3	Output RF spectrum emissions for inter-band UL CA with UL MIMO
[bookmark: _Hlk166073467]The same requirements for 3Tx CA UE will be applied for PC1.5/PC2 inter-band CA with UL-MIMO in Rel-19, such as occupied bandwidth, general SEM, ACLR, general SE and transmit intermodulation per band.

3. 6.5L.3	Output RF spectrum emissions for inter-band UL CA with Tx Diversity
The same requirements for 3Tx CA UE will be applied for PC1.5/PC2 inter-band CA with TxD in Rel-19, such as occupied bandwidth, general SEM, ACLR, general SE and transmit intermodulation per band.

3. 7.3A.2.3	Reference sensitivity power level for Inter-band CA
The band specific MSD study will be treated in future after defining the general RF requirements for PC1.5/PC2 inter-band CA/DC with 2Tx/3Tx.

Proposal 4: RAN4 can consider the above general RF requirements in TS38.101-1 for PC 1.5/PC2 inter-band CA including 2Tx/3Tx UE. Similar approach will be applied to inter-band EN-DC including 2Tx/3Tx UE in TS38.101-3.

3. Conclusions
In this contribution, we propose the power combinations of PC1.5/PC2 inter-band CA/DC with 2Tx/3Tx and propose SAR solution with both P-MPR and duty-cycle limitation approach for inter-band CA/DC with 2Tx/3Tx UE. Also, we share our general RF requirements impact in TS38.101-1 to support the PC1.5/PC2 inter-band CA/DC with 2Tx/3Tx UE. Based on our analysis for the high-power inter-band CA/DC combination with 2Tx/3Tx, we proposed as follow 

Proposal 1: RAN4 can define the above high power inter-band CA/DC band combinations with 2Tx/3Tx in the related Basket WIs in Rel-19. In the Rel-19 UE RF enhancement WI, RAN4 only focus on general RF requirements for high power inter-band CA/DC UE.
Proposal 2: To support increase the accumulated power for inter-band CA/DC band combinations UE, RAN4 can investigate how to apply the actual increase UE transmit power based on the above CA/DC power combinations with the existing power classes in Rel-19.
Proposal 3: For the SAR regulation requirements of high-power inter-band CA/DC UE, RAN4 can consider both duty cycle limitation and P-MPR approach from Rel-19 as same in FR2 MPE solutions.
Proposal 4: RAN4 can consider the above general RF requirements in TS38.101-1 for PC 1.5/PC2 inter-band CA including 2Tx/3Tx UE. Similar approach will be applied to inter-band EN-DC including 2Tx/3Tx UE in TS38.101-3.
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