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1. Introduction
During meeting #101 discussions on the Increased MOP for CA and DC have been held and according to the WF in [1] there are several topics to be clarified. 

2. Discussion
In this contribution we are discussing the RF requirements impact for UE Tx suggest solutions.

2.1 Impact on the maximum configured power equations and requirements
We agree with the fact that Pcmax for each carrier is dependent on band related coexistence requirements, and thus no impact is perceived.
The changes they are needed are all related to the CA or DC per UE Pcmax. In the last meeting, the discussion around lower limit of Pcmax per UE was related to the allowing or not allowing the lower limit to be increased.

First, we believe that all parameters in the equation are relevant in this context for both CA and DC cases.
Second, we believe that if the MOP per UE is allowing, the lower limit of the Pcmax will increase naturally. The sum of the related Pcmax per band/CC would allow naturally for a total power increase without any coexistence impact if the CA power class or total power for DC or EN-DC would allow along with other restrictions (that are rather regulatory) as these parameters are present in both high and low Pcmax limits as shown below for inter-band CA case:

	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}
Obs 1: For inter-band CA PCMAX_L may increase naturally if PPowerClass,CA allows.

This would lead our discussion to the scalability of the solution. In our opinion, defining the PPowerClass,CA approach outside of the equations would be enough. So, adding a sentence in the configured power requirement subclause would be enough. This sentence shall point to a signalled UE capability and its rule for MOP calculation.

Proposal 1: Maintain the current Pcmax for CA equations and parameters unchanged and add a sentence in the Pcmax requirement for the PPowerClass,CA definition/calculation for the cases where UL CA increased MOP capability is signalled by the UE and calculation method that is yet to be determined.

For DC case, a similar approach can be used. As we can see in the below related Pcmax equations,  is used as a per UE limit based on the equation below:


 = MIN{PEMAX, NR-DC, PPowerClass} + 0.3 dB

Or 

 = MIN{PEMAX, NR-DC, PPowerClass}

depending on the declared power sharing operation mode NR-DC-PC-mod.

The lower limit in each CG is computed as follows:

PCMAX_L,f,c,MCG, PCMAX_H,f,c,MCG, PCMAX_L,f,c,SCG and PCMAX_H,f,c,SCG are the limits for a serving cell c as specified in clause 6.2.4 modified as follows:
PCMAX_L,f,c,MCG = MIN{MIN(PEMAX,c , PEMAX,NR-DC, PNR) – ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc)}
PCMAX_H,f,c,MCG = MIN{PEMAX,c, PEMAX,NR-DC, PNR, PPowerClass – ΔPPowerClass}
for the MCG and
PCMAX_L,f,c,SCG = MIN{MIN(PEMAX,c , PEMAX,NR-DC, PNR) – ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc)}
PCMAX_H,f,c,SCG = MIN{PEMAX,c, PEMAX,NR-DC, PNR, PPowerClass – ΔPPowerClass}

Again, we believe that we can maintain the current equations and parameters as they are.
However, in the DC case the semi-static and dynamic power sharing modes are defined separately.
For the semi-static mode 1 and 2 we have a configuration condition as follows:
pNR,MCG + pNR,SCG ≤ 

In this case the Pcmax per UE limits are not dependent of .

For the dynamic sharing mode, the limits are defined as follow:

For a UE provided with NR-DC-PC-mode = Dynamic,
	PCMAX_NR-DC_L(p,q) = MIN{10 log10 [pCMAX_L,f,c,MCG (p) + pCMAX_L,f,c,SCG (q)], }
	PCMAX_NR-DC_H(p,q) = MIN{10 log10 [pCMAX_H,f,c,MCG (p) + pCMAX_H,f,c,SCG (q)], }
We can see that in both cases semi static or dynamic power sharing mode   is accounted for outside or directly in the equations. This parameter is directly related to PPowerClass.

Obs 2: We can see that in both cases semi static or dynamic power sharing mode   is accounted for outside or directly in the equations. This parameter is directly related to PPowerClass.

Thus, we believe that explaining how PPowerClass or    is derived/calculated out of a signalled UE capability for UL Increased MOP capable UEs would be enough.

Proposal 2: Add explanatory sentences in the Pcmax subclause regarding the PPowerClass or   calculation/derivation for the case where the UE signals the UL Increased MOP capability while maintaining the integrity of the current Pcmax equation and generic requirement text.

2.2 UE capability signaling
The agreement in the WF [1] is to use a ”sum method” or some variant. In our opinion, a SAR related duty cycle per band would be beneficial. The duty cycle can be per band, or it can be a global duty cycle.

For example:
A per band duty cycle and power per band declaration would look like:

Bands (A) = X(dBm)		Band Duty Cycle = M1%
Bands (B) = Y(dBm)		Band Duty Cycle = M2%
A global duty cycle for a band combination would look like:

Bands (A+B) = X+Y (dBm)	Global Duty Cycle = N1%

Proposal 3: For UL Increased MOP capability, the UE signals along a SAR related duty cycle that may be per band or global per UE.

2.3 Other potential requirements impact
In the scope of this WI there are several power classes combinations for inter-band CA and DC. PC2 and PC1.5 are part of these combinations.
One of the particularities of the PC2 is the MOP measurement for single carrier case as indicated in subclause 6.2.1 of 38.201-1 that depends on specific parameters (i.e., duty cycle) and a direct consequence is the evaluation period that is moved up from one slot to at least one radio frame, where the power it is integrated over this period.

Here is an excerpt of the MOP requirement for single carrier case subclause 6.2.1 for convenience:

------------------------------------------------Start-------------------------------------------------------

The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).



	
Table 6.2.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	
	
	23
	±2

	n2
	
	
	
	
	
	
	23
	±23

	n3
	
	
	
	
	
	
	23
	±23

	n5
	
	
	
	
	
	
	23
	±2

	n7
	
	
	
	
	
	
	23
	±23

	n8
	
	
	
	
	
	
	23
	±23

	n12
	
	
	
	
	
	
	23
	±23

	n14
	316
	+2/-3
	
	
	
	
	23
	±2

	n18
	
	
	
	
	
	
	23
	±2

	n20
	
	
	
	
	
	
	23
	±23

	n25
	
	
	
	
	
	
	23
	±23

	n26
	
	
	
	
	
	
	23
	±23

	n28
	
	
	
	
	
	
	23
	+2/-2.5

	n30
	
	
	
	
	
	
	23
	±2

	n34
	
	
	
	
	
	
	23
	±2

	n38
	
	
	
	
	
	
	23
	±2

	n39
	
	
	
	
	
	
	23
	±2

	n40
	
	
	
	
	26
	+2/-3
	23
	±2

	n41
	
	
	295
	+2/-33
	26
	+2/-33
	23
	±23

	n47
	
	
	
	
	
	
	23
	±2

	n48
	
	
	
	
	
	
	23
	+2/-3

	n50
	
	
	
	
	
	
	23
	±2

	n51
	
	
	
	
	
	
	23
	±2

	n53
	
	
	
	
	
	
	23
	±2

	n65
	
	
	
	
	
	
	23
	±2

	n66
	
	
	
	
	
	
	23
	±2

	n70
	
	
	
	
	
	
	23
	±2

	n71
	
	
	
	
	
	
	23
	+2/-2.5

	n74
	
	
	
	
	
	
	23
	±2

	n77
	
	
	
	
	26
	+2/-3
	23
	+2/-3

	n78
	
	
	
	
	26
	+2/-3
	23
	+2/-3

	n79
	
	
	
	
	26
	+2/-3
	23
	+2/-3

	n80
	
	
	
	
	
	
	23
	±23

	n81
	
	
	
	
	
	
	23
	±2

	n82
	
	
	
	
	
	
	23
	±2

	n83
	
	
	
	
	
	
	23
	+2/-2.5

	n84
	
	
	
	
	
	
	23
	±2

	n86
	
	
	
	
	
	
	23
	±2

	n89
	
	
	
	
	
	
	23
	±2

	n91
	
	
	
	
	
	
	23
	±23, 4

	n92
	
	
	
	
	
	
	23
	±23, 4

	n93
	
	
	
	
	
	
	23
	±23, 4

	n94
	
	
	
	
	
	
	23
	±23, 4

	n95
	
	
	
	
	
	
	23
	±2

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:	Power class 3 is default power class unless otherwise stated
NOTE 3:	Refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.
NOTE 4:	The maximum output power requirement is relaxed by reducing the lower tolerance limit by 0.3 dB
NOTE 5:	Achieved via dual Tx
NOTE 6:	Generally, PC1 UE for Band n14 is not targeted for smartphone form factor. The UE power class 1 requirements for Band n14 are applicable for public safety scenario only.



[bookmark: _Hlk494452010]If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else if the UE does not support a power class with higher maximum output power than PC2; or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 25% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-PC2-FR1.(The exact evaluation period is no less than one radio frame); or
if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the power class 2 or lower;
shall apply all requirements for power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.
------------------------------------------------End-------------------------------------------------------


Since for the CA case the generic power class is currently PC3 and we plan to move up to an increased UL power and we go beyond PC2 or PC1.5, we need to consider the MOP for related CA and DC subclauses changes to accommodate this new situation.

Proposal 4: The UE MOP requirements for CA or DC band combinations that involve PC2 and /or PC1.5, with UL Increased MOP capability are extended to cover for the PC2/PC1.5 cases and involved duty cycles.

Another possible issue may be related to the fact that the UE can signal its UL Increased MOP capability, but the network may accept or not to allow it. If is not allowed, then the current PpowerClass CA may be invoked as a fallback. In this situation, we may need an RRC signalling flag that would enable/disable the feature semi-statically.

Proposal 5: For UL MOP Increased capable UEs, RRC signalling is needed for enabling/disabling the feature when the CA or DC is configured by network or during operation.
	
3. Conclusion
In this contribution we made the following observations and proposals:	

Obs 1: For inter-band CA PCMAX_L may increase naturally if PPowerClass,CA allows.

Obs 2: We can see that in both cases semi static or dynamic power sharing mode   is accounted for outside or directly in the equations. This parameter is directly related to PPowerClass.

Proposal 1: Maintain the current Pcmax for CA equations and parameters unchanged and add a sentence in the Pcmax requirement for the PPowerClass,CA definition/calculation for the cases where UL CA increased MOP capability is signalled by the UE and calculation method that is yet to be determined.

Proposal 2: Add explanatory sentences in the Pcmax subclause regarding the PPowerClass or   calculation/derivation for the case where the UE signals the UL Increased MOP capability while maintaining the integrity of the current Pcmax equation and generic requirement text.

Proposal 3: For UL Increased MOP capability, the UE signals along a SAR related duty cycle that may be per band or global per UE.

Proposal 4: The UE MOP requirements for CA or DC band combinations that involve PC2 and /or PC1.5, with UL Increased MOP capability are extended to cover for the PC2/PC1.5 cases and involved duty cycles.

Proposal 5: For UL MOP Increased capable UEs, RRC signalling is needed for enabling/disabling the feature when the CA or DC is configured by network or during operation.
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