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1	Introduction
As per the WI Power_Limit_CA_DC [1], the feasibility was discussed in RAN4#101-e and a WF [2] was agreed to further discuss the scope of PA configurations, P_CMAX_L, MSD, TxD and etc. In this following, we share our views on the concerned topics, and further elaborate our proposed solution.
2	Discussion
2.1 CA Power Low Limit: P_CMAX_L
The total configured maximum output power PCMAX for inter-band CA has a low bound PCMAX_L and a high bound PCMAX_H, which are defined in TS 38.101-1 and duplicated below.
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)It can be seen that the low bound PCMAX_L is limited by the smallest of: 
- the sum of per-cell (i.e. per-band for the scenarios under discussion) power class pPowerClass.c, 
- PEMAX,CA signalled by the PCell, 
- and CA power class PPowerClass,CA. 
Because of the MIN() function used in the formula, the low bound PCMAX_L will never exceed the sum of per-band power class (i.e. 10log10∑ pPowerClass.c), where the per-band power is further reduced by per-band MPR, A-MPR, etc. In other words, when the CA power class PPowerClass,CA is increased and stops being the gating factor, the low bound PCMAX_L will be determined by the sum of per-band power capability, which is implemented by the UE’s existing PA hardware. 
Observation #1: The physical limit of the total CA power is determined by the sum of per-band power capabilities. As per current power control formula, the low bound PCMAX_L may be artificially reduced by the target CA power PPowerClass,CA or by the network signal p-Max.
For example, assume a UE is equipped with a PC3 PA and a PC2 PA. The low bound PCMAX_L will still be 26 dBm if the CA power class is PC2 (i.e. PPowerClass,CA = 26 dBm). When the CA power PPowerClass,CA is increased to 27.8 dBm or higher, the low bound PCMAX_L will be determined by 23dBm+26dBm-MPR-A-MPR, which is ≤27.8 dBm.
Observation #2: If the target CA power PPowerClass,CA is increased, the low bound PCMAX_L of the total CA power may be increased. However, the low bound for each constituent band PCMAX_L,c remains unchanged. As long as the UE can meet the transmitted power requirements for the power classes of the individual bands simultaneously, the low bound PCMAX_L for CA will be fulfilled automatically.
In RAN4#101-e, it was proposed that only the high bound PCMAX_H for CA was to be increased, while the low bound PCMAX_L remained unchanged [3]. Since the total configured MOP PCMAX is within the bounds: PCMAX_L ≤ PCMAX ≤ PCMAX_H, the proposal effectively increases the dynamic range of PCMAX, which is convenient for UE implementations. However, the main drawback of the proposal is that any existing UE implementation will be able to meet the PCMAX requirement. Consequently a UE might claim the higher CA power capability without actually increasing the MOP. This would make the new capability meaningless.
Observation #3: If only the high bound PCMAX_H is increased while the low bound PCMAX_L remains unchanged, any existing UE implementation can automatically meet the PCMAX requirement (i.e. PCMAX_L ≤ PCMAX ≤ PCMAX_H), which would make the new capability meaningless.
Hence we propose:
Proposal #1: Reuse the existing formula for determining the total configured output power PCMAX. As a result, the low bound PCMAX_L and the high bound PCMAX_H may increase when the total power PPowerClass,CA signalled by the CA power class is increased.
2.2 MSD
When the UL Tx power is increased, the UE self-interference caused by own UL to its own DL would become more severe. Therefore the MSD should increase when higher UL power is allowed. On the other hand, the objective of the WI is to enable higher Tx power for inter-band CA/DC based on UE’s existing hardware. The linearity of the transceivers has already been verified for the CA/DC band combinations under PC3 or PC2. Therefore it’s unnecessary to add more MSD requirements in the specifications.
Observation #4: The MSD would increase if higher Tx power is allowed. However, it’s unnecessary to add more MSD requirements in the specifications, since the higher Tx power for inter-band CA/DC is based on UE’s existing hardware, whose linearity has been verified under PC3 or PC2.
2.3 TxD UE
In the transparent TxD WI, several PA configurations for realising PC2 have been discussed, such as 23+23, 23+26 and 26+26. In other words, a UE may report PC2 for single-carrier operations in each RF band, but may not be able to support PC2 for each band within a CA/DC band combination, e.g. for 23+23 or 23+26.
Furthermore, a UE may be equipped with three PC3 PAs, and it has the freedom to decide which constituent band to support PC2 via TxD in a two-band UL CA/DC configuration.
Observation #5: Because of TxD, the per-band power class may change between the single-carrier configuration and the inter-band CA/DC configuration. It’s unreliable to derive the max total power based on the sum of the power classes reported for individual bands (i.e. from ue-PowerClass in BandNR IE).
As discussed in RAN4#101-e, we pointed out a more serious problem related to the conformance test for the configured transmitted power for inter-band CA [3]. For example, a UE equipped with 2x PC3 PAs may report PC2 on both band A and band B as well as PC2 for CA_A-B. As per current spec, the Test Equipment (TE) may assume P_PowerClass,A=26 dBm, P_PowerClass,B=26 dBm and P_PowerClass,CA=26 dBm. Ignoring P_EMAX, A-MPR, P-MPR, etc, the lower bound of the CA output power P_CMAX_L may be simplified to:



For most RB allocations, the MPR_PC2 will be < 3 dB. Hence P_CMAX_L = 26 dBm, and P_CMAX_H = 26 dBm. As a result, the P_CMAX requirement becomes too stringent for the UE since no MPR is allowed.
By contrast, if the UE reports the PA configuration PC3+PC3 to the TE/network, 23 dBm and PC3 MPR will be applied in the above calculation and P_CMAX_L =min{26-MPR_PC3, 26}, which the expected MPR is applied.
Observation #6: If the per-band power class is not reported for each constituent band within a CA band combination, a UE may fail the conformance test for the configured transmitted power.
Similarly, as pointed out in [4], the duty-cycle based SAR solution for PC2 inter-band CA also depends on the correct per-band power classes for the CA. If the network or the UE does not use the updated power class information, the average duty-cycle may be incorrectly calculated and thus the SAR solution may not work properly.
Observation #7: The duty-cycle based SAR solution may not work properly if the network does not have the updated power class information for the constituent bands of an inter-band CA.
Therefore, we propose:
Proposal #2: For band combinations, the power class per constituent band should be reported if it’s different from the power class for single-carrier operations (as signalled by ue-PowerClass in BandNR IE).
2.4 The LUT-method
In RAN4#101-e, we proposed a Look-up Table (LUT) based method, which enables higher output power for inter-band CA and reports the per-band power class simultaneously [3][4]. The LUT-method reuses the existing CA power class signaling and is fully compatible with the existing power control mechanism.
More explicitly, it’s proposed to define a LUT in the RAN4 spec, and each row of the table contains the configuration of per-band power class, max total power for CA and maybe other info TBD. The exact format could be FFS, but an example table is shown below. For instance, the rows corresponding to index 0, 1 and 2 maintain the backward compatibility with existing PC2 CA power class while signaling the per-band power class configuration to the network. The rows corresponding to index 3 and 4 enable higher output power for the CA.

Table 1: Example CA power class table for two-band UL
	Index
	Per-band Configuration
<PPowerClass, c1, PPowerClass, c2> (dBm)
	Total Output Power PPowerClass,CA (dBm)
	Notes

	0
	(23, 23)
	26
	PC2 may be reported on individual bands.

	1
	(23, 26)
	26
	PC2 may be reported on individual bands.

	2
	(26, 23)
	26
	PC2 may be reported on individual bands.

	3
	(23, 26)
	27.8
	Targeted for MOP higher than PC2.

	4
	(26, 23)
	27.8
	Targeted for MOP higher than PC2.

	5
	(26, 26)
	26
	PC1.5 or PC2 may be reported on individual bands.

	6
	(26, 26)
	29
	PC1.5 or PC2 may be reported on individual bands.

	7
	(23, 20)
	24.8
	Targeted for CAs having a NR-U band.

	8
	(20, 23)
	24.8
	Targeted for CAs having a NR-U band.

	…
	…
	…
	



The value to be reported to the network is the index of the LUT entry, which can be signaled via the powerClass field of the existing BandCombination IE. In this way, the network/TE will know both the per-band power class as well as the total CA power which may or may not be increased.
Below is a comparison between the LUT-method, the Sum-method [6][7] and the conceptual power class method [5] (namely PC0-method).
Table 2: Comparison of Different Solutions
	
	LUT-method
	Sum-method [6]
	PC0-method [5]

	P_CMAX_L
	may be increased, subject to signaling
	may be increased, subject to signaling
	same as PC2 or PC3

	P_CMAX_H
	may be increased, subject to signaling
	may be increased, subject to signaling
	may be increased, subject to signaling

	Report Per-band Power class for CA
	Yes
	No
	No

	Signaling Overhead
	Reuse existing CA power class IE
	conventional CA power class signaling +
new UE capability fullPowerUL-CA
	conventional PC2/PC3 signaling for P_CMAX_L + new PC0 signaling for P_CMAX_H



It can be seen that among the proposed solutions, the LUT-method has the minimal signaling overhead and is the only solution that supports TxD.
Proposal #3: Adopt the LUT-method as the solution for enabling higher MOP for inter-band CA, and inform RAN2 about the signaling requirement.
3	Conclusion
The following observations and proposals are made.
Observation #1: The physical limit of the total CA power is determined by the sum of per-band power capabilities. As per current power control formula, the low bound PCMAX_L may be artificially reduced by the target CA power PPowerClass,CA or by the network signal p-Max.
Observation #2: If the target CA power PPowerClass,CA is increased, the low bound PCMAX_L of the total CA power may be increased. However, the low bound for each constituent band PCMAX_L,c remains unchanged. As long as the UE can meet the transmitted power requirements for the power classes of the individual bands simultaneously, the low bound PCMAX_L for CA will be fulfilled automatically.
Observation #3: If only the high bound PCMAX_H is increased while the low bound PCMAX_L remains unchanged, any existing UE implementation can automatically meet the PCMAX requirement (i.e. PCMAX_L ≤ PCMAX ≤ PCMAX_H), which would make the new capability meaningless.
Proposal #1: Reuse the existing formula for determining the total configured output power PCMAX. As a result, the low bound PCMAX_L and the high bound PCMAX_H may increase when the total power PPowerClass,CA signalled by the CA power class is increased.
Observation #4: The MSD would increase if higher Tx power is allowed. However, it’s unnecessary to add more MSD requirements in the specifications, since the higher Tx power for inter-band CA/DC is based on UE’s existing hardware, whose linearity has been verified under PC3 or PC2.
Observation #5: Because of TxD, the per-band power class may change between the single-carrier configuration and the inter-band CA/DC configuration. It’s unreliable to derive the max total power based on the sum of the power classes reported for individual bands (i.e. from ue-PowerClass in BandNR IE).
Observation #6: If the per-band power class is not reported for each constituent band within a CA band combination, a UE may fail the conformance test for the configured transmitted power.
Observation #7: The duty-cycle based SAR solution may not work properly if the network does not have the updated power class information for the constituent bands of an inter-band CA.
Proposal #2: For band combinations, the power class per constituent band should be reported if it’s different from the power class for single-carrier operations (as signalled by ue-PowerClass in BandNR IE).
Proposal #3: Adopt the LUT-method as the solution for enabling higher MOP for inter-band CA, and inform RAN2 about the signaling requirement.
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