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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 [1], a new idea was presented whereby the maximum output power of the UE would be allowed to reach the maximum power able to be simultaneously generated by dual Tx paths.  This contributions furthers the discussion by also considering the traditional approach of defining a new power class to enable higher transmit power.
Discussion
Traditional cellular layouts are uplink limited in the sense that the UE uplink often determines the effective cell coverage area.  This is because the basestation is capable of transmitting in the downlink with approximately 20 dB more power than the UE which is constrained by its battery and form factor.  Therefore, significant research has been conducted on uplink enhancement.  The most direct approach to improving the uplink is to increase the transmit power from the UE.  In [1], it was recognized that for UE’s which already support front-end configurations with dual PA (for example, case b, c, or d as denoted in [7]), the UE is hardware-capable of transmitting at a power level according to the linear sum of power levels at each transmitter.  For case b and c, this would be 27.8 dBm and for case d this would be 29 dBm.  However, the allowable power classes defined in the specification impose an artificial limit of 26 dBm for PC2 in case b and c.  
In [1], it was proposed that the limitation on output power could be lifted by a simple modification to the upper bound on configured power PCMAX_H.  The benefit to this approach is that the change to the specifications is minimized.  During discussion of the proposal [8], it was commented that the conventional approach of defining a new power class with maximum output power of 27.8 dBm could also enable higher power transmission for case b and c without the need to modify PCMAX_H.  In fact, this is essentially the method to enable 29 dBm maximum output power for power class 1.5 with dual PA for case d.  
The difference between these two approaches is summarized below.  Aspects which are the same for both approaches are grayed out.
	
	Modification of PCMAX_H
	Definition of a new power class
	Comment

	PCMAX_H
	PPowerClass is removed in the limit
	PPowerClass remains in the limit, but PPowerClass itself is raised in the new power class
	Both approches allow the UE to transmit with maximum power up to 27.8 dBm

	PCMAX_L
	No modification
	PPowerClass is raised according to the new power class
	At maximum output power, the UE is now required to transmit relative to 27.8 dBm with the new power class.  With the PCMAX_H approach, the lower bound is still relative to 26 dBm so allows but does not require that the UE transmit relative to 27.8 dBm in case of thermal or other problems associated with transmitting on both PA’s simultaneously.

	ACLR, SEM, spurious
	No modification
	No modification
	ACLR has already been studied for power levels up to 29 dBm (PC1.5) with the conclusion that 31 dB ACLR is appropriate.  SEM and spurious emissions do not change according to the power class.

	MPR, A-MPR
	No modification
	New MPR and A-MPR tables are required for a new power class.  
	While new MPR and A-MPR tables are required for a new power class, it is expected that the MPR and A-MPR can be trivially determined since the same emission requirements and same PA’s apply for the new PC as for PC2.

	MSD
	MSD requires evaluation since Tx power levels are higher and more noise and interference is generated
	MSD requires evaluation since Tx power levels are higher and more noise and interference is generated
	MSD is a function of the maximum output power.  It is independent of how the specification enables the maximum power either through PCMAX_H or a new power class.

	PPowerClass
	PPowerClass remains at 26 dBm
	PPowerClass is defined as 27.8 dBm for the new power class
	With a new power class definition, the maximum output power is never allowed to exceed the power class + upper tolerance.  The enforcement of power class remains in case it is necessary for regulatory compliance.  However, there are no regulations anywhere in the world that refer to 3GPP power class definitions, but only to maximum power.  Regulatory compliance is demonstrated by measuring the output power of the transmitter, not by reading the signaled power class of the UE.  So it is not clear to the author how 3GPP power class demonstrates regulatory compliance.

	CA combinations
	Higher output power is automatically available to all DC and CA combinations of case b and c without any further specification work.  PCMAX_H is a general requirement.
	Higher output power is available only to those DC and CA combinations where the new power class is defined in the spec.  Power classes are band specific.
	To include a new power class for a band or CA combination, the proponents need to request a new work item at RAN plenary.

	Future compatibility
	No changes required as long as maximum output power is less than 29 dBm
	New power class required for each new PA configuration
	In the future, if other PA configurations other than b and c are identified, or if PA capabilities improve to enable higher power, new power classes would need to be defined.  If PCMAX_H is adjusted instead, a general formulation can be applied instead of more new power classes.

	Impact to SAR
	Existing reporting mechanisms suffice, although new values for default and capability reporting may be considered
	Existing reporting mechanisms suffice, although new values for default and capability reporting may be considered
	The SAR impact is a function of the maximum output power.  It is independent of how the specification enables the maximum power either through PCMAX_H or a new power class.



It can be seen above that either of these two approaches enables higher maximum output power from the UE.  In that sense, either of these two approaches solves the problem and could be acceptable.  It is our view that modifying PCMAX_H is a simpler and more general approach, which we interpret as advantageous.  However, it is also recognized that other companies may feel that being simpler and more general is disadvantageous and prefer the greater scrutiny and process associated with a more traditional approach of defining a new power class.
Proposal:  RAN4 agrees on which of the two approaches is most suitable to enable higher UE transmit power.
Conclusion
This contribution further discusses the possibility and approaches to enable higher UE Tx power.  For a UE that is already equipped with two PA’s, there is no physical reason why its hardware should not be fully utilized to transmit at maximum power on both PA’s simultaneously.  The specifications should allow for this possibility by either removing artificial constraints on maximum configured output power or by definition of a new power class to reflect the hardware configuration.  The pros and cons of each of these two approaches is listed in this contribution with a proposal that RAN4 should agree which is the most appropriate to follow.
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