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1	Introduction
Several dual-PA configurations such as PC3+PC3, PC3+PC2 and PC2+PC2 have been discussed and supported in a number of HPUE related work items in Rel-17, including: NR_PC2_CA_R17_2BDL_2BUL, NR_UE_PC2_R17_CADC_SUL_xBDL_yBUL, Power_Limit_CA_DC, NR_RF_TxD, etc. From the network perspective, PC2 may be reported from UEs with different implementations for both single-carrier operations and inter-band carrier aggregation, while ambiguity exists on the UE’s actual power capability per band when scheduling dual-UL. This power class ambiguity problem has been raised and discussed for several meetings since RAN4#99-e. In the following, we provide a summary of the discussions and more importantly, a solution to the problem.
2	Discussion
2.1 Power Class Ambiguity Problem
As per TS 38.101-1, a UE shall perform per-cell power control (e.g., set PCMAX,c for each serving cell) while simultaneously maintaining the total output power within the limit set by the CA power class (i.e., PCMAX). The requirements are duplicated below:
6.2A.4.1.3	Configured transmitted power for Inter-band CA
For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.
The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in clause 6.2.4.
For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in clause 6.2.2 and clause 6.2.3, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds:
	PCMAX_L ≤ PCMAX ≤ PCMAX_H
[bookmark: _GoBack]For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
	PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA}


It can be seen that it’s crucial for the network or TE to know the accurate information about the UE power class for each serving cell as well as the CA power class in order to perform the power control correctly.
As per TS 38.331, the UE reports its power class for single-carrier operation on a RF band via the ue-PowerClass parameter of the BandNR IE. Furthermore, the UE signals its CA power class via the powerClass parameter of the BandCombination IE. However, there is no signalling of per-band power classes when the UE is configured in inter-band carrier aggregation mode.
In many Rel-17 HPUE related WIs, dual-PA with same/different power classes are supported, such as 23+23, 23+26, 26+23 or 26+26. However, such PA configurations are not signalled to the network or TE. The UE’s actual power class per band may be inconsistent with the interpretation on the network/TE side. In other words, the network/TE may have ambiguity on the UE power class when scheduling dual-UL. Two examples are given in the following.
2.2 Example with TxD
In RAN4#101-e, we pointed out the power class ambiguity problem in the context of TxD [1][2], which was also captured in [3]. For example, a UE equipped with 2x PC3 PAs may report PC2 on both band A and band B for single-carrier operations as well as PC2 for CA_A-B. As per current spec, the Test Equipment (TE) may assume PPowerClass,A=26 dBm, PPowerClass,B=26 dBm and PPowerClass,CA=26 dBm. Ignoring PEMAX, A-MPR, P-MPR, etc, the lower bound of the CA output power PCMAX_L may be simplified to:



For most RB allocations, the MPRPC2 is < 3 dB. Hence PCMAX_L = 26 dBm, and PCMAX_H = 26 dBm. As a result, the max total power PCMAX requirement becomes too stringent for the UE since no MPR is allowed.
By contrast, if the UE reports PC3 as the per-band power class for CA_A-B to the TE/network, PPowerClass,A=PPowerClass,B=23 dBm and PC3 MPR will be applied in the above calculation, resulting in P_CMAX_L =min{26-MPRPC3, 26}, where the expected MPR is applied.
2.3 Example without TxD
In RAN4#101bis-e, it was pointed out by several companies that even without the use of TxD, the ambiguity issue still existed [4]. For example, a UE equipped with PC3+PC2 PAs may report PC2 on both band A and band B for single-carrier operations as well as PC2 for CA_A-B. However, the TE/network is not aware that the UE can only support PC3 on one of the two bands in CA mode. Similar to the problem described in Section 2.2, incorrect power class and MPR may be applied when calculating the lower limit PCMAX_L for the total power, resulting in potential failure in conformance tests. 
Similarly, the problem can be avoided by reporting the per-band power classes for CA_A-B to the network.
2.4 Proposed Solution
In RAN4#102-e, a new UE capability: per band per band combination power class was tentatively agreed [5].
	16. NR_RF_FR1_enh
	[16-8]
	UE power class per band per band combination
	Per band per band combination power class
	Per band per band combination power class
	Yes
	No
	Per band power class inconsistent
	Per band per BC
	No
	FR1 only
	N/A
	
	Optional with capability signalling


In our view, this new capability signalling is essential to solve the power class ambiguity problem as described above. Furthermore, we propose to add some clarification texts in TS 38.101-1, such as:
6.2A.4.1.3	Configured transmitted power for Inter-band CA
For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.
The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in clause 6.2.4, except that the UE power class for serving cell c on the specific operating band shall be determined by the [powerClassPerBand] IE [TS 38.331] as indicated for the band combination if signalled; otherwise, it’s determined by the ue-PowerClass IE [TS 38.331] as indicated for the NR band.


More details can be found in the proposed CR [6].
3	Conclusion
It has been shown that the power class ambiguity problem exists for NR inter-band CA with or without the use of TxD. To solve the problem, it’s proposed to report the per-band per band combination power class by the UE. Based on the discussions, it is concluded that:
Proposal 1: RAN4 to adopt the new UE capability of per band per band combination power class and approve the CR to TS 38.101-1 in [6].
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