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1 Introduction

In RAN#103 plenary, a new WI [1] on UE RF enhancements for NR FR1/FR2 and EN-DC as one of RAN4 Rel-19 package was approved. In which one of the objectives is to define requirements for inter-band UL NR-CA/EN-DC with 2 bands and 2Tx and/or 3Tx. The details can be found in the 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

· 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


In the last meeting, there are some preliminary discussions and A WF was approved [2]. This contribution gives some further discussion on this topic.
2 Discussion
In the last meeting, there are some discussions on general requirements for inter-band UL NR-CA/EN-DC with 2 bands and 2Tx and/or 3Tx. With those discussions, some agreements were made for Tx requirements i.e. MOP tolerance, Pcmax tolerance.
The other main work when introducing new power class for new band combination case is to define MSD requirement. Though MSD value could be defined by case-by-case manner, a consensus should be reached on the assumption of power class configuration when deriving the MSD requirements. In the last meeting, there is a WF on MSD framework for IMD as follow:
	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


Considering currently PC1.5 can only be achieved by 2Tx, for 2Tx case, only PC2 +PC2 is the valid power class configuration. For 3Tx, in theory PC3+PC1.5 and PC2 +PC1.5 are valid power class configuration, but currently only PC3+PC1.5 is requested by some band combinations. Therefore, we support the above WF.
Proposal 1:

· 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
SAR issue
In the last meeting, for simplify the SAR discussion and considering the duty-cycle approach are not used in the field at present, some companies proposed not to consider the duty-cycle approach for band combination case. Our preference is to reuse the traditional way on dutycycle approach like other high-power class for band combination. The reason is that the dutycycle approach has been discussed a lot in previous release and it can be expected the current duty cycle approach could be reused a lot. For example, in our contribution [3], based on our analysis, for PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx, the existing SAR mitigation solution for PC1.5 with 3Tx in Ts 38.101-1 could be reused. For PC1.5 inter-band EN-DC with 2Tx and 3Tx case, the dutycycle approach could be defined based on the existing dutycycle approach for PC2 case with some small changes as shown in the following table 2 at lease for TDD+TDD and FDD+TDD case. If FDD+FDD case is introduced, dutycycle approach should be studied further.
Table 2, SAR solution proposed for PC1.5 inter-band EN-DC with 2Tx and 3Tx case 
	TDD + TDD
	FDD + TDD

	0.5*maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16  or 15% (if capability is absent) as the max uplink dutycycle that PC1.5 inter-band CA case.

if DutycycleNR≤0.5*maxUplinkDutyCycle, the requirements for PC1.5 applies

if  0.5*maxUplinkDutyCycle＜DutycycleNR≤*maxUplinkDutyCycle, the requirements for PC2 applies

otherwise the requirement for PC3 applies
	Reuse two capabilities maxUplinkDutyCycle-FDD-TDD-EN-DC1 and maxUplinkDutyCycle-FDD-TDD-EN-DC2 are introduced
if 40%≤  DutycycleLTE≤ 70% and DutycycleNR≤0.5*maxUplinkDutyCycle-FDD-TDD-EN-DC1,
or

if  DutycycleLTE≤ 40% and DutycycleNR≤0.5*maxUplinkDutyCycle-FDD-TDD-EN-DC2, the requirements for PC1.5 applies

if 40%≤  DutycycleLTE≤ 70% and 0.5*maxUplinkDutyCycle-FDD-TDD-EN-DC1＜DutycycleNR≤maxUplinkDutyCycle-FDD-TDD-EN-DC1,
or

if  DutycycleLTE≤ 40% and 0.5*maxUplinkDutyCycle-FDD-TDD-EN-DC2＜DutycycleNR≤maxUplinkDutyCycle-FDD-TDD-EN-DC2, the requirements for PC2 applies
otherwise, the requirement for PC3 applies


However, considering the dutycycle approach is indeed not usually used in the field, and current dutycycle approach is a bit complicated and inconsistent between different power class for different band combination case. We are also ok to reconsider a unify approach on SAR solution for all possible HP UE scenarios. For example, Duty-cycle solution is not considered for any HPUE scenarios in this WI, or SAR solution relies on per single band manner
Proposal 2: If follow the similar approach as current spec, for PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx, the existing SAR mitigation solution for PC1.5 with 3Tx in Ts 38.101-1 could be reused. For PC1.5 inter-band EN-DC with 2Tx and 3Tx case, the duty cycle approach could be defined based on the existing dutycycle approach for PC2 case with some small changes as shown in the following table 2 for TDD+TDD case and FDD+TDD case.
Proposal 3: a unify approach on SAR solution for all possible HP UE scenarios can be considered. The detail approach could be discussed further. For example, only P-MPR is considered (i.e., Duty-cycle solution is not considered), or SAR solution just relies on per single band manner.
3 Conclusion

In this paper, we give the futher analysis based on the objective listed in the WID and make the following proposals:
Proposal 1:

· 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
Proposal 2: If follow the similar approach as current spec, for PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx, the existing SAR mitigation solution for PC1.5 with 3Tx in Ts 38.101-1 could be reused. For PC1.5 inter-band EN-DC with 2Tx and 3Tx case, the duty cycle approach could be defined based on the existing dutycycle approach for PC2 case with some small changes as shown in the following table 2 for TDD+TDD and FDD+TDD case.
Proposal 3: a unify approach on SAR solution for all possible HP UE scenarios can be considered. The detail approach could be discussed further. For example, only P-MPR is considered (i.e., Duty-cycle solution is not considered), or SAR solution just relies on per single band manner.
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