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Introduction
Increasing the UE maximum output power has been seen as beneficial since Rel-14 when power class 2 was first introduced.  Since then, the number of bands with PC2 specification and the number of CA and DC configurations including PC2 and PC1.5 have steadily increased.  At the same time, UE front-end architectures consisting of two separate Tx paths operating simultaneously have also become more common.  UL MIMO, UL CA, and transmit diversity are some of the recent developments where dual PA configurations are assumed.  In this contribution, the confluence of higher output power and a dual PA architecture is explored in the context of the work item on PC2 UL CA [1] and corresponding SAR schemes [2] but may possibly be generalized.  
Discussion
Higher output power
Higher UE output power has been gaining in popularity since the introduction of the 26 dBm power class 2 in Rel-14 E-UTRA specifications.  Operators have requested PC2 with comments such as
The high power UE has been identified as a direct technology to solve the coverage issue in high and medium frequency range for NR and LTE. [3]
Increasing the transmit power of UE has significant benefits on extending cell coverage area and improving the experience of cell edge users. [4]
Power Class 2 HPUE allows TDD operators to improve cell coverage and allows B41 cells to have the same ISD as lower frequency band cells.  EN-DC architecture options divide total UE Tx power between LTE and NR, which can reduce coverage by up to 3dB, depending on the power sharing parameters of the UE. It is therefore desirable to enable higher UL Tx power.  [5]
Thus, it is seen that increasing the output power of the UE is desirable to the network operators.
At the same time, dual PA architectures in the UE are becoming more common to support features such as UL MIMO, UL CA, and UL Tx diversity.  It is therefore natural to explore possibilities for combining the desire for higher output power with the fact that the UE supports dual PA’s.  For example, consider a UE that supports PC2 UL CA with a 23 + 26 dBm front-end PA configuration, i.e., case b or c identified in [2].  
Table 1.  Power configurations from [2]
	
	UE power class
	NR Carrier x power class
	NR Carrier y power class

	Case a
	26dBm
	23dBm
	23dBm

	Case b
	26dBm
	23dBm
	26dBm

	Case c
	26dBm
	26dBm
	23dBm

	Case d
	26dBm
	26dBm
	26dBm



The power class of the UE is PC2 so it is bound to a composite maximum output power of 26 dBm when summing the power in each carrier.  However, since the UE is assumed to carry 23 dBm and 26 dBm capable transmitters that can operate concurrently, the UE is actually capable of delivering up to 28 dBm ignoring aspects related to SAR, coexistence, and emissions for the moment.  Similarly, the case d from [2] represents a UE with 26+26 dBm configuration which would be capable of delivering 29 dBm.  
Observation 1:  The dual-PA equipped UE (case b, c, and d of [2]) is hardware capable of delivering higher output power, but is artificially constrained by the power class definition for UL CA.
To fully take advantage of the hardware capability already present in the UE, we seek to lift the restriction on maximum output power imposed by the power class definition.  Before discussing the method to remove output power restrictions in the specification, we first evaluate the impact to other related requirements.
Impact to requirements
In the course of studying and specifying higher output power classes, it has been recognized that other requirements besides maximum output power are impacted.  These include ACLR, MPR/A-MPR, and SAR.
Coexistence was the first such requirement to be studied for both PC2 and PC1.5.  For PC2 it was agreed to tighten UE ACLR by 1 dB from 30 dB to 31 dB to facilitate coexistence.  For PC 1.5, the same tightening of 1 dB relative to PC3 resulting in 31 dB ACLR was agreed [6].  Therefore, for the case b, c, and d UE’s, the maximum power is 28, 28, and 29 dB where it has already been shown that coexistence can be achieved with the same ACLR as PC2.  Coexistence is not impacted then as long as the transmission power is less than or equal to 29 dB and the ACLR is no worse than 31 dB which is already required for PC2.
MPR and A-MPR are also requirements that may be impacted by transmitting higher output power levels.  MPR and A-MPR are allowed power backoffs relative to PPowerClass to enable the UE to meet emission requirements.  For UL inter-band CA, MPR and A-MPR are defined according to their single carrier specifications; there is no additional MPR and A-MPR to account for the joint transmission from both carriers.  Therefore, for case b, c, and d, the single carrier MPR and A-MPR values are already defined and are used for inter-band UL CA as well.  Joint transmission on the two uplink carriers does not alter the MPR/A-MPR; in fact, the power class of the UL CA is immaterial since the MPR/A-MPR are taken from the single carrier requirements relative to the single carrier power class.  
SAR and thermal mitigation are important aspects to consider when transmitting at higher power levels.  While it is still the topic of ongoing study [2], similar scenarios with higher power transmission have been handled in the 3GPP specifications by defining a UE capability on maximum uplink duty cycle.  The UE signals a maximum duty cycle it can tolerate while meeting SAR and the network scheduler should ideally schedule uplink for the UE according to its reported capability.  Since we are now proposing that the UE may transmit higher than the power class (i.e., higher than 26 dBm), then it may be necessary for the UE to report a lower duty cycle capability to remain within its SAR envelope.  In addition, P-MPR is also available if needed.  As long as a UE capability reporting mechanism is available, the UE can accommodate the possibility of higher transmit power by reporting the corresponding duty cycle limit.  One might anticipate that the overall duty cycle would lie between 25% and 50% for a UE with maximum transmission power between 26 and 29 dBm.
Observation 2:  Coexistence, MPR and A-MPR, and uplink duty cycle capability reporting specifications can be reused without modification even if the case b, c, or d UE is allowed to transmit above PC2 power levels.
On the other hand, MSD may be potential problem with higher transmitter power causing greater interference.  For synchronized TDD band combinations, this would not be a problem since the Tx and Rx are not active simultaneously.  For harmonic MSD this would not be a problem since this MSD is already derived assuming full power from a single transmitter, either 23 dBm or 26 dBm.  The same conclusion for cross-band isolation MSD can also be made.  However, for 2UL IMD the MSD has typically been derived based on simultaneous transmission with a maximum total output power of 26 dBm, i.e., 23 dBm output at each transmitter, for PC2.  Therefore, the 2UL IMD would need to consider the case of simultaneous transmission with maximum total output power of 28 dBm for case b and c and 29 dBm for case d.  Since the MSD has not yet been evaluated for 2UL CA this work is forthcoming; however, it should be cautioned that reusing MSD from previous derivations for PC2 could underestimate the MSD.
Another concern is the regulatory limits on output power imposed in some countries.  There may be a limit on maximum transmit power of 26 dBm or even 23 dBm.  However, regulatory limits are usually imposed per-band since different regulations apply over different frequency ranges.  In case of inter-band UL CA across different bands, the regulatory limits may only apply individually to each band unless there is a composite per-UE requirement.  If a UE signals support of PC2 for UL CA, then the network may not anticipate that the UE could deliver more than 26 dBm.  One possible solution is for the network to signal PEMAX,CA in those deployments where regulatory restrictions on output power apply.  
Observation 3:  MSD due to 2UL IMD should be evaluated for maximum combined output power of up to 29 dBm.  Regulatory limits on maximum output power should also be considered.  One possible solution is PEMAX,CA signaling if needed.
Implementation in the specification
In order to enable higher transmit power for UL CA with dual Tx case b, c, or d, two options exist – either define new power classes for 28 dBm and 29 dBm for UL CA with dual Tx, or retain the PC2 power class but modify the upper limit on transmit power.  The option to define a new power class is well understood.  In this case, the new power class is specified with an assumption of dual Tx.  In fact, PC 1.5 for 29 dBm has already been defined with an assumption of dual Tx, but was limited to UL MIMO, TxDiv, and intra-band EN-DC [5].  To avoid the definition of new power classes, a PC2 power class can enable higher power transmission if the PCMAX_H is modified.  The upper bound on configured power is given by the following equation for inter-band UL CA
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass}
Thus, for PC2 UL CA PPowerClass is 26 dBm and will limit the maximum output power for case b, c, and d.  If PPowerClass is removed from the PCMAX_H equation, then the UL CA PCMAX will be upper bounded by the linear sum of the PEMAX,c (or P-max in 38.331) in each carrier unless PEMAX,CA is signaled.  In case the per-cell PEMAX,c is not signaled, the UE reported power class capability for that cell is used in the summation. The upper limit then becomes 28 dBm or 29 dBm as desired.
Between the option to define a new power class and the option to modify the PCMAX_H, we have a preference towards modifying PCMAX_H.  It is a simpler change than adding new power classes and there does not appear to be any compelling reason for the PPowerClass term within the PCMAX_H to being with. 
Proposal:  Remove the PPowerClass term within the PCMAX_H for inter-band UL CA.
One byproduct of adjusting PCMAX_H instead of defining a new power class is that Pcompensation and the cell reselection thresholds will not reflect the increased power capability of the UE.  However, this increased power capability is only for UL CA, so cell-based reselection is not impacted.  
Conclusion
Power class 2 UL inter-band CA is currently being discussed with open work items on SAR scheme and band combinations.  For UL CA, the UE architectures under consideration are 23+23, 23+26, 26+23, and 26+26 dBm Tx paths.  Except for the first, all of these UE architectures are capable of delivering more than 26 dBm when summing the powers from each Tx path for UL CA.  Given the interest in network deployments with higher UE transmit powers for cell coverage and cell edge user experience and the inherent partitioning of UE transmit power with dual simultaneous transmission for UL CA, then fully utilizing the power capability of the UE will be beneficial.  This contribution discussed potential specification impact.  Most notable is the 2UL IMD MSD that would need to be evaluated with in increased uplink power of up to 29 dBm.  A simple method for enabling the increase in power is also proposed. 
Proposal:  Remove the PPowerClass term within the PCMAX_H for inter-band UL CA.
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