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Introduction
According to a way forward document [1] agreed at the conclusion of meeting RAN4 #101-e, the following topics are still under discussion for the work item to increase maximum output power for CA/DC:  power class configurations should be included in the scope of the work, PCMAX_L, MSD, and treatment of TxD UE.  This contribution provides further discussion to be able to conclude these topics.
Discussion
Scope
· of this work sinter-band When the combined CA/DC power class is already defined to allow for the sum of maximum output power from each carrier, for example PC3+PC3=PC2 (first carrier is PC3, second carrier is PC3, combined is PC2), this is out-of-scope since there is no opportunity to further increase power.
· When the combined CA/DC power class is already defined to allow for the sum of maximum output power from each carrier, but the combination is not specified at that power class, this is out-of-scope since the proper solution is to specify the combined power class for this combination.  For example, PC3+PC3 is available, but the combined power class is only specified as PC3.  For example, Band 1 + Band 3 are each specified as PC3 and the UL CA configuration CA_n1A-n3A is also specified as PC3.  In this case, it is proposed that PC2 should be specified for this band combination if desired rather than using a sum approach.  Similarly, PC2+PC2 should be out-of-scope since PC1.5 is available as a power class.  It is recognized that there may still be work required to define general requirements for PC1.5 for CA or DC, but the proposal is that since the power class is available, it should be used rather than a sum approach.  Therefore, it is out-of-scope of this work.
· When the combined CA/DC power class is specified to be lower than an already available power class, for example, PC2+PC3=PC3, this is out-of-scope since at least a combined power class of PC2 could have been specified.  
In general, the idea is not to use a sum approach to replace existing power classes, but rather to allow a small increase in the combined maximum output power that would fall in between power classes.  Therefore, it is proposed that the following configurations are in scope
PC2+PC3 = PC2
PC5+PC3 = PC3
PC5+PC2 = PC2
PC1.5+PC3 = PC1.5
PC1.5+PC2 = PC1.5
PC1.5+PC5 = PC1.5
However, only the first configuration PC2+PC3=PC2 has defined combinations in Rel-17 specifications.  Therefore, the focus of Rel-17 is limited, although the solution should be generalized so that the other configurations can also be easily accommodated if/when combinations are specified in the future.
Observation:  Enabling higher power when combining PC2 and PC3 carriers where the total power is nominally specified as PC2 (PC2+PC3=PC2) is the short-term focus of this work.  However, the solution should be general to enable future power configurations.
PCMAX_L
It is clear that a sum approach would raise PCMAX_H to allow the transmission of higher maximum output power.  However, it remains to be resolved whether PCMAX_L should also be raised.  Raising PCMAX_L would have the effect of not only allowing higher MOP, but actually mandating it.  In that sense, raising PCMAX_L is nearly equivalent to defining a higher power class.  It is not the intention to define a new power class, but to increase the capability of the existing power class to maximize the utility of the already available UE hardware.  Therefore, keeping PCMAX_L according to the power class makes sense.  The other benefit of keeping PCMAX_L is that MSD would not need to be recomputed [2].
Proposal:  Since it is not the intention to define a new power class but rather than enhance the existing power classes, it is proposed that only PCMAX_H, but not PCMAX_L is raised.
MSD
As asserted above and explained in [2], MSD would not need to be recomputed if PCMAX_L is not raised.  However, if it is raised, then the MSD may be increased to accommodate the higher Tx power and resulting Rx noise.  The following combinations are possibly impacted for PC3+PC2=PC2 configuration as listed in 38.101-1 and 38.101-3 only for the case of 2UL transmission.  MSD due to harmonics, harmonic mixing, or Tx-Rx proximity are not expected to be impacted since the power per carrier is not increased.
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	CA_n1A-n78A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n2A-n77A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n3A-n41A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n3A-n78A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n5A-n77A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n12A-n77A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n14A-n77A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n25A-n41A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n25A-n77A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n28A-n41A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n28A-n79A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n30A-n77A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n40A-n41A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n41A-n66A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n41A-n71A
	
	
	266
	+2/-32
	23
	+2/-3
	
	

	CA_n41A-n77A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n41A-n79A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n41A-n50A
	
	
	
	
	23
	+2/-3
	
	

	CA_n66A-n77A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n71A-n77A
	
	
	266
	+2/-3
	23
	+2/-3
	
	



	EN-DC configuration
	Power class 2
(dBm)
	Tolerance
(dB)
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_1A_n78A
DC_1A_n84A_ULSUP-TDM_n78A
	266
	+2/-31
	23
	+2/-3

	DC_2A_n41A
	266
	+2/-31
	23
	+2/-3

	DC_2A_n77A
	266
	+2/-31
	23
	+2/-3

	DC_3A_n41A,
DC_3C_n41A,
DC_3C_n41A,
	266
	+2/-3
	23
	+2/-3

	DC_3A_n78A
DC_3C_n78A
	266
	+2/-31
	23
	+2/-31

	DC_5A_n77A
	266
	+2/-31
	23
	+2/-3

	DC_5A_n78A
	266
	+2/-31
	23
	+2/-3

	DC_7A_n78A
DC_7C_n78A
	266
	+2/-31
	23
	+2/-3

	DC_8A_n78A
	266
	+2/-31
	23
	+2/-3

	DC_12A_n77A
	266
	+2/-3
	23
	+2/-3

	DC_13A_n77A
	266
	+2/-31
	23
	+2/-3

	DC_14A_n77A
	266
	+2/-3
	23
	+2/-3

	DC_30A_n77A
	266
	+2/-3
	23
	+2/-3

	DC_39A_n41A
DC_39C_n41A
	265
	+2/-31
	23
	+2/-3

	DC_39A_n79A
	265
	+2/-31
	23
	+2/-31

	DC_41A_n79A
DC_41C_n79A
	265
	+2/-31
	23
	+2/-31

	DC_66A_n41A
	266
	+2/-31
	23
	+2/-3

	DC_66A_n77A
	266
	+2/-31
	23
	+2/-3



The WID [3] identifies CA_n1A-n78A (23dBm+26dBm) as the example combination to be considered when evaluating band combination specific requirements such as MSD.  The existing MSD for PC2 2UL CA for this combination is shown below
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n1-n78
	n1
	1950
	5
	25
	2140
	[17.8]
	FDD
	IMD4

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A



When the total power is allowed to be increased by summing the powers in each carrier, the MSD of [17.8] dB can be expected to increase slightly since the IMD4 product will increase in amplitude.  The MSD value was derived in [4] where two cases were evaluated for PC2 – case a (23 dBm + 23 dBm) and case b (23 dBm + 26 dBm).  The total IMD value expected at the main antenna and diversity antenna was reported for each case and the MSD was then calculated based on MRC combining and accounting for a correction factor due to IMD overlap.  Hence, it can be seen that the case of 23 dBm + 26 dBm has already been evaluated.  The MSD was found to be 20.7 dB in [4]. 
Observation:  The WID identifies CA_n1A-n78A (23 dBm + 26 dBm) as an example combination.  For this combination and these Tx power levels, the MSD has already been evaluated [4] and found to be 20.7 dB.
TxD UE
A concern was raised that some UE’s may require TxD in order to achieve a higher power class even for the single carrier.  For example, a UE may require two PA’s using TxD to achieve PC2 maximum output power in Band n78.  When Band n78 is then aggregated with Band n1, the PC2 power class for the combination can still be met (the power class for the Band n78 component carrier however is reduced to PC3), but it is not possible to achieve the additional output power above 26 dBm since only two PA’s (23 dBm + 23 dBm) are available.  To generate higher output power would require two PA’s (23 dBm + 26 dBm) or three PA’s of smaller size.
However, the ability to increase the maximum output power is not mandatory.  In fact, it was already agreed [1] that signaling is needed.  Therefore, the TxD UE is not impacted since it can simply signal that it is PC2 and not capable of increasing the output power beyond 26 dBm.
Observation:  The TxD UE is not impacted since signaling will be available to indicate whether higher output power is supported by the device.
Conclusion
A few topics remain to enable higher maximum output power for CA and DC.  These include the scope of power configurations that should be considered, whether only the upper or both the upper and the lower limits on PCMAX should be raised, increased Rx noise and MSD due to higher transmit power, and the impact on TxD UE’s that combine the output from two PA’s to achieve higher powers.  This contribution addresses each of these topics.
Reference
[1] [bookmark: _Hlk859252]R4-2120064, “Way Forward on Increased MOP for CA/DC,” Qualcomm Incorporated
[2] R4-2119434, “Increasing MOP for CA and DC,” Qualcomm Incorporated
[3] RP-212622, “New WID: Increasing UE power high limit for CA and DC,” China Telecom, Qualcomm
[4] R4-2015190, “Discussion on SAR schemes and band combination requirements for UE power class 2 NR inter-band CA with 2UL,” China Telecom

1

2

