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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.
2.1 Assumed UE architectures for MPR/A-MPR evaluation 
-  Option 1: (Xiaomi, Samsung, Huawei)
Architecture
Description
Indicated capability
Support UL MIMO
Applicable cases
Note
#1
2x26 dBm PA + 2 LO with 100MHz BW
dualPA-Architecture
No
C/NC CA
No Frequency Separation limitation
#2
2x26 dBm PA + 1 LO with 200MHz BW
TxD
Yes
C/NC CA
Frequency Separation ≤ 200MHz
For NC CA, FFS whether BW Gap size＜CC1 +CC2 CBW
NOTE: support UL MIMO here doesn’t mean UE has to support the feature, it depends on UE capability reporting
· Option 2: (Apple, vivo, Skyworks, Meta)
Architecture
Description
Indicated capability
Support UL MIMO
Applicable cases
Note
#1
2x26 dBm PA + 2 LO with 100MHz BW
dualPA-Architecture
No
NC CA
No Frequency Separation limitation
#2
2x26 dBm PA + 1 LO with 200MHz BW
TxD
Yes
Contiguous CA


Way forward: 
Both options are considered for next meeting discussion, FFS on down selection of UE architectures
· Prioritize UL contiguous CA


 

2.2 General consideration for MPR/PCMAX/PCMAX,c 
Way forward: 
-	For PC1.5, intra-band contiguous ULCA with UL MIMO can share the MPR requirements of intra-band contiguous ULCA without UL MIMO and with dual Tx (TxD)
-  Study and if necessary, specify the MPR requirements for both small and large form factor UEs, i.e. minimum antenna isolation = 10 or 20dB
-  For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, consider PCMAX,,c limitation (i.e., 26dBm) for each component carrier, which have impact on MOP, PCMAX tolerance and MPR/A-MPR evaluation
-  FFS For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, the PCMAX is modified as follows to account for RB BW imbalances 
PCmax=10*log(10^(26/10) + 10^((26-10*log(LCRB1*SCS1/(LCRB2*SCS2)))/10)) 
-	Other options are not precluded


2	Discussion
Based on the previous discussions, the main disadvantage of the dualPA-Architecture is that the total Tx power cannot reach 29dBm for most RB allocations. And the MOP for each CC is 26dBm instead of 29dBm. These drawbacks are captured in the WF [1] as shown below.
-  For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, consider PCMAX,,c limitation (i.e., 26dBm) for each component carrier, which have impact on MOP, PCMAX tolerance and MPR/A-MPR evaluation
-  FFS For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, the PCMAX is modified as follows to account for RB BW imbalances 
PCmax=10*log(10^(26/10) + 10^((26-10*log(LCRB1*SCS1/(LCRB2*SCS2)))/10)) 


By contrast, UEs with TxD have no such drawbacks in support of PC1.5, albeit with limitation on frequency separation. 
Proposal 1: In addition to dualPA-architecture, TxD should also be evaluated for intra-band non-contiguous CA, since it can offer higher Tx power.
For intra-band contiguous CA, there’s no frequency separation issue. The dualPA-architecture might have some gain in terms of smaller MPR/A-MPR, but probably outweighed by the drawback in MOP.
Proposal 2: Considering workload, the TxD architecture can be prioritized for intra-band contiguous CA.
Large measurement campaign is expected for evaluating the PC1.5 MPR requirements for intra-band UL CA. Hence, it’s important to align the evaluation assumptions as soon as possible. For example,

· Coupled 2xPC2 with isolation=10, 20dB
· 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 3: RAN4 to discuss and agree on the evaluation assumptions for PC1.5 intra-band UL CA.
2.1 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 [4] 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 4: 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 [3][5][6][7]
	
	PC2
	PC1.5

	
	TDD
	FDD
	TDD
	FDD

	Intra-band EN-DC
	contiguous
	Support 
[6][7]
	Not Support
	Support 
[6]
	Not Support

	
	non-contiguous
	Support 
[6][7]
	Not Support
	Support 
[6]
	Not Support

	Intra-band CA

	contiguous
	Support 
[5]
	Not Support
	Included in current Rel-19 scope
w. or w/o UL MIMO
	Not Support

	
	non-contiguous
	Support 
[5]
	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: 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.
3	Conclusion
In this paper, we have shared our views on how to move forward for the matter of PC1.5 intra-band UL CA. The following proposals are made:
Proposal 1: In addition to dualPA-architecture, TxD should also be evaluated for intra-band non-contiguous CA, since it can offer higher Tx power.
Proposal 2: Considering workload, the TxD architecture can be prioritized for intra-band contiguous CA.
Proposal 3: RAN4 to discuss and agree on the evaluation assumptions for PC1.5 intra-band UL CA.
Proposal 4: 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: 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.
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