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1. Introduction
In the TS 38.101-3 specification, the UE supporting dynamic power sharing is allowed to drop the SCG in the case that b= TRUE in 6.2B.4.1.1 and 6.2B.4.1.3, for intra-band and inter-band EN-DC, respectively, where the condition “b” depends only on PCMAX values for the E-UTRA and NR carriers and not on the actual transmitted power.  As a consequence of this dropping criterion, it can be shown that the UE is often allowed to drop the SCG transmission even if no scaling of the SCG transmission power  in slot  is required to satisfy the inequality
,

where  is the MCG transmission power in slot  and  is the total configured maximum transmission power for EN-DC operation.  However, since the UE is allowed to drop the SCG when scaling and dropping are not required to meet either emissions requirements or the total power constraint, this implies that the specification does not require the UE to implement dynamic power sharing (though it does allow it).

This contribution addresses how the definition of MPR/A-MPR and Pcmax for the SCG can be modified for intra-band EN-DC so as to limit dropping of the SCG to only those instances in which dropping is necessary to limit the combined transmit power to  or to meet emissions requirements.
2. Dynamic Power Sharing for EN-DC in TS 38.213
The SCG scaling and dropping behavior for EN-DC is described in TS 38.213 as below:

-	If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and


-	if UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG in FR1, and


-	if  in any portion of slot  of the SCG, 















	the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG in FR1, respectively. The UE is not required to transmit in any portion of slot  of the SCG if  would need to be reduced by more than the value provided by XSCALE in order for  in any portion of slot  of the SCG. The UE is required to transmit in slot  of the SCG if  would not need to be reduced by more than the value provided by XSCALE in order for  in all portions of slot .
However, in the case of intra-band EN-DC, the configured maximum powers for the two carriers are not independent even without the limit on the total power

.					(1)

In particular, even before applying the limit on the total power, the transmission powers on each carrier must be less than their respective maximum configured powers, so that



and 


where the configured maximum powers  and , in linear terms, are a function of the MPR/A-MPR that is allowed on each carrier.  Depending on how MPR/A-MPR is defined for the SCG, it may be that  limits  so that scaling by more than XSCALE is not needed, and thus dropping is not allowed.

For intra-band carrier aggregation, the MPR/A-MPR needed for each carrier is a function of the RB allocations on both carriers, and thus PCMAX for each carrier is a function of both RB allocations.  Furthermore, the MPR/A-MPR needed on the SCG depends on the MPR/A-MPR taken on the MCG. Thus, in the case of intra-band carrier aggregation, the allowed dropping behaviour described by





The UE is not required to transmit in any portion of slot  of the SCG if  would need to be reduced by more than the value provided by XSCALE in order for  in any portion of slot  of the SCG

depends upon how MPR/A-MPR is defined for the SCG.
3. Concerns with the Existing SCG Scaling/Dropping Conditions in TS 38.101-3
The condition ‘b’ is defined for intra-band EN-DC in 6.2B.4.1.1 of 38.101-3 as

b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > PEN-DC,tot_L
where 
PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC – MAX{MPRtot, A-MPRtot}, PEMAX,EN-DC}.

In the typical case that PPowerClass,EN-DC = PEMAX,EN-DC, it follows that

PEN-DC,tot_L (p,q) = PPowerClass,EN-DC – MAX{MPRtot, A-MPRtot}.

DC_(n)71AA
For DC_(n)71AA when NS_35 is signalled, it can be observed that MPRtot =0 and the minimum value of A-MPRtot for OFDM with dynamic power sharing is 6.5 dB (allocation ratio ≥  0.8), so that 

PEN-DC,tot_L (p,q) ≤  PPowerClass,EN-DC – 6.5 dB = 16.5 dBm.

Thus, for DC_(n)71, PEN-DC,tot_L (p,q) is never more than 16.5 dBm.

Now, pCMAX_ E-UTRA,c (p) must be greater than or equal to PCMAX_L_ E-UTRA,c which is given by

PCMAX_L_ E-UTRA,c = MIN {MIN(PEMAX,c , PEMAX, EN-DC, PLTE) – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}

If 
PEMAX,c  = PEMAX, EN-DC = PLTE =PPowerClass 
and
ΔTIB,c  = TC_ E-UTRA, c = TProSe = P-MPRc = ΔPPowerClass = 0,
then
PCMAX_L_ E-UTRA,c = PPowerClass – (MPRc + A-MPRc)

Since, no A-MPR is defined for LTE Band 71, it follows that

PCMAX_L_ E-UTRA,c ≥  PPowerClass – MPRc = 23 dBm – 5 dB = 18 dBm

where the maximum MPRc of  5 dB is only allowed for 256-QAM, and is otherwise is 3 dB or less. As a result, it must be that
PCMAX_ E-UTRA,c (p) ≥ 18 dBm

from which it follows
10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] 
	
		≥ 10 log10 [pCMAX_ E-UTRA,c (p)] ≥ 18 dBm

Since PEN-DC,tot_L (p,q) ≤ 16.5 dBm, it follows that condition ‘b’ given by 

b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > PEN-DC,tot_L

is always TRUE regardless of the value of X_scale.  Thus, for DC_(n)71, the UE is always allowed to drop the SCG transmission when there is an MCG transmission, and this is true regardless of the RB allocations, the value of X_scale, and the actual transmission power on the MCG, .

General Intra-Band Non-Contiguous EN-DC
For the general intra-band non-contiguous case, the MPRENDC is never less than 15 dB so that MPRtot = 12 dB.  In the case that PLTE = PNR = PENDC = 23, we have

PEN-DC,tot_L (p,q) ≤   PPowerClass,EN-DC – 12 dB = 11 dBm.

With the same assumptions as above and in the absence of NS signaling, it follows that

PCMAX_L_ E-UTRA,c ≥   PPowerClass – MPRc = 23 dBm – 5 dB = 18 dBm
and thus
	PCMAX_ E-UTRA,c (p) ≥ 18 dBm

where the maximum MPRc of  5 dB is only allowed for 256-QAM, and is otherwise is 3 dB or less.  As a result, condition ‘b’ given by
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > PEN-DC,tot_L

is always TRUE and the UE is always allowed to drop the SCG transmission when there is an MCG transmission, and this is true regardless of the RB allocations, the value of X_scale, and the actual transmission power on the MCG, . 

General Intra-Band Contiguous EN-DC
For the general intra-band contiguous case, the MPRENDC is never less than 6 dB so that MPRtot = 3 dB.  In the case that PLTE = PNR = PENDC = 23, we have

PEN-DC,tot_L (p,q) ≤  PPowerClass,EN-DC – 3 dB = 20 dBm.

With the same assumptions as above and in the absence of NS signaling, it follows that as long as the modulation order is 64-QAM or less, then

PCMAX_L_ E-UTRA,c ≥  PPowerClass – MPRc = 23 dBm – 3 dB = 20 dBm

Thus, in the case that MCG modulation is 64-QAM or less, then

PCMAX_ E-UTRA,c (p) ≥  20 dBm
and
10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale]  > PEN-DC,tot_L (p,q)

and the SCG can be dropped for any positive finite value of X_scale.

So, if the modulation for the MCG is 64-QAM or less for the general intra-band contiguous EN-DC case, the UE is always allowed to drop the SCG transmission when there is an MCG transmission, and this is true regardless of the RB allocations, the value of X_scale, and the actual transmission power on the MCG, .

General Inter-Band EN-DC
For general inter-band EN-DC, the conditions ‘a’ and ‘b’ are given by

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > P_EN-DC_Total
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > P_EN-DC_Total
where scaling is allowed if a = TRUE and b = FALSE, and dropping is allowed if b = TRUE.

In the general case without NS signalling, there is no A-MPR and the allowed MPR depends on the modulation used on each of the carriers. The UE’s allowed scaling and dropping behavior for the SCG is shown in Figure 1 for the case that PLTE = PNR = PENDC = 23 dB.  From Figure 1, it can be observed that the UE is always allowed to scale or drop the SCG (NR) carrier if the modulation order on both carriers is less than or equal to 64-QAM.  The UE is only required to transmit the NR carrier in the region above the blue line, and in this region at least the MCG (LTE) and/or the SCG (LTE) must be transmitting 256-QAM so that the allowed MPR on one of the two carriers is greater than 3 dB.
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Figure 1:  Allowed scaling and dropping behaviour for general inter-band EN-DC
Observations on Allowed NR Dropping and Scaling Behavior
From 3.1 – 3.4 above, we have the following four observations.

Observation 1:  For DC_(n)71AA, the UE is always allowed to drop the SCG transmission when there is an MCG transmission, and this is true regardless of the RB allocations, the modulations, the value of X_scale, and the actual transmission power on the MCG, .  

Observation 2:  For the general intra-band non-contiguous EN-DC case, the UE is always allowed to drop the SCG transmission when there is an MCG transmission, regardless of the RB allocations, the modulations, the value of X_scale, and the actual transmission power on the MCG, .  

Observation 3:  For the general intra-band contiguous EN-DC case,  if the modulation for the MCG is 64-QAM or less, the UE is always allowed to drop the SCG transmission when there is an MCG transmission, and this is true regardless of the RB allocations, the value of X_scale, and the actual transmission power on the MCG, .

Observation 4:  For the general inter-band EN-DC case, if the order of the modulation for both the MCG and SCG is 64-QAM or less, the UE is always allowed to scale the SCG transmission when there is an MCG transmission (and is in some cases allowed to drop the SCG transmission), and this is true regardless of the RB allocations, the value of X_scale, and the actual transmission power on the MCG, .

The summary of the above observations can be found in Table 1 below.

	Case
	Scenario
	Observation
	Dynamic Power Sharing Required?

	DC_(n)71AA
	PLTE = PNR = PENDC = 23 dBm
	SCG can be dropped whenever there is an MCG transmission
	No, can drop SCG even when power is available and no scaling is required

	General intra-band non-contiguous
	PLTE = PNR = PENDC = 23 dBm
	SCG can be dropped whenever there is an MCG transmission
	No, can drop SCG even when power is available and no scaling is required

	General intra-band contiguous
	PLTE = PNR = PENDC = 23 dBm
MCG modulation order is 64-QAM or less
	SCG can be dropped whenever there is an MCG transmission
	No, can drop SCG even when power is available and no scaling is required

	General inter-band
	PLTE = PNR = PENDC = 23 dBm
Both MCG and SCG modulation order is 64-QAM or less
	SCG can be scaled by X_Scale whenever there is an MCG transmission.  
	No, can scale SCG even when power is available and no scaling is required

	
	PLTE = PNR = PENDC = 23 dBm
MCG MPR = 0 dB
	SCG can be dropped whenever there is an MCG transmission
	No, can drop SCG even when power is available and no scaling is required



Table 1:  Summary of Allowed Scaling/Dropping Behavior for EN-DC with Dynamic Power Sharing
In the cases above in which the UE is allowed to drop or scale the NR carrier no matter how little power is transmitted on the MCG and no matter how much power is available to the SCG, the scaling and dropping rules “a” and “b” do not require dynamic power sharing between the two carriers.
4. What are the objectives of dynamic power sharing for EN-DC?
The two main objectives of dynamic power sharing for EN-DC seem to be the following:

Objective 1:  Prioritize the LTE carrier so that there is no degradation of the LTE carrier due to the presence of   
                       the NR carrier.

Objective 2:  Make any power which is not needed by the LTE carrier available to the NR carrier.

While the first objective is met with the current scaling and dropping rules, it is very clear that Objective 2 is not met.  In the examples above, it was shown that the dynamic power sharing UE is allowed to drop the NR carrier in cases where no scaling or dropping of the NR carrier is needed to meet either emissions requirements or the total power constraint.  

As a specific example, we again consider the general intra-band contiguous case discussed in Section 3.3 above. For this case, the minimum value of MPRtot = 3 dB.  In the case that PLTE = PNR = PENDC = 23, we have

PEN-DC,tot_L (p,q) ≤  PPowerClass,EN-DC – 3 dB = 20 dBm.

Since MPRtot is the maximum power reduction, the total power available to the LTE and NR carriers is at least 20 dBm.  As noted in Section 3.3 above, the UE is allowed to drop the NR carrier if the modulation order of the LTE carrier is 64-QAM or less.  Now if the LTE carrier has a small allocation and so transmits only 13 dBm of power, there is at least 19 dBm of power available for the NR carrier, and yet with the current scaling and dropping rules, the UE is allowed to drop the NR carrier if the modulation order of the LTE carrier is 64-QAM or less.

It can be observed that the current PCMAX-based scaling and dropping rules are consistent with an EN-DC radio which only knows the RB allocation and the modulation of the LTE carrier and does not know the actual transmit power .  However, if the UE does not know the LTE power  at the time it configures the power for the NR carrier, then it cannot implement dynamic power sharing in the sense of Objective 2.  As a result, the UE must reserve the maximum power for the LTE carrier consistent with its RB allocation and modulation, even if the LTE modem is actually transmitting at a much lower power level so that the scaling and dropping rules for the SCG are completely independent of the actual MCG transmission power .

From the above discussion, it is clear that while the current scaling and dropping rules do prioritize the LTE carrier and do allow dynamic power sharing, they do not require dynamic power sharing, and it is thus possible for a UE which does not support dynamic power sharing in the sense of Objective 2 to meet the scaling and dropping requirements.
5. Alternative Definitions of the SCG MPR/A-MPR and Pcmax for EN-DC
As discussed in [1], there are multiple options for defining MPR/A-MPR for the SCG and for enforcing the total power constraint.  For inter-band EN-DC, the MPR/A-MPR values can be defined independently for the two carriers to meet emissions requirements as is currently done in 38.101-3.  In particular, the SCG MPR/A-MPR is chosen to be the stand-alone MPR/A-MPR defined for the NR carrier in TS 38.101-1.

Defining the SCG MPR/A-MPR for Intra-Band EN-DC
For intra-band EN-DC, the situation is significantly more complicated.  As currently implemented in TS 38.101-3, the SCG MPR/A-MPR that is defined is not sufficient on its own to ensure that all emissions requirements are met, and as a result, the power reduction needed to meet emissions requirements is enforced by subtracting the total MPR/A-MPR from the total power constraint  and using conditions ‘a’ and ‘b’ to determine if dropping or scaling of the NR carrier are allowed.  However, as has been observed in Sections 3.1-3.3 above, this approach allows the UE to scale and/or drop the NR carrier even when no scaling or dropping is needed in order to meet either emissions constraints or the total power constraint.  As a result, in many cases, the UE is allowed to drop the NR carrier whenever there is an LTE transmission.

In [1], three options were presented for defining MPR/A-MPR.  Of these three options, the preferred option was Option 3, as described below.

Option 3:	The SCG MPR/A-MPR is chosen as the power reduction necessary to ensure the emissions requirements are met.  In this case, the MPR/A-MPR for the SCG is defined as the difference between PPowerClass,EN-DC and the remaining power, where the remaining power is the difference between PPowerClass,EN-DC reduced by the total MPR/A-MPR and , the transmission power on the MCG (not the maximum configured power).
	With Option 3, it is no longer necessary to reduce PEN-DC,tot_L by MAX{MPRtot, A-MPRtot} in order to meet emissions requirements, so instead
PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC, PEMAX,EN-DC}
		which is the same as for inter-band EN-DC.	
In 38.101-3, the MPR/A-MPR for the SGG does not depend on .  However, the existing SCG MPR/A-MPR currently depends on the modulation and the RB allocation for the MCG.  Furthermore, the value of the  can be determined at the same time as the RB allocation for the MCG, and so it seems reasonable that the MPR/A-MPR, , and  for the SCG can be defined so that they depend on , also.

Proposal 1:  For intra-band EN-DC, define MPR/A-MPR for the SCG as in Option 3.

The changes needed to the MPR/A-MPR definitions for Proposal 1 are shown in the Appendix.

Defining Pcmax for the SCG for both Intra-Band and Inter-Band EN-DC
With the modification of A-MPR for the SCG in Proposal 1 and the resulting value of PCMAX_L,f,c,NR, the SCG is allowed to take only enough MPR/A-MPR to ensure that emissions requirements can be met.  However, there is still the possibility that the total power can exceed the total power limit .  To prevent this possibility, the total power constraint can be added to the definition of PCMAX_H,f,c,NR as in Proposal 2.

Proposal 2:  For intra-band EN-DC, define PCMAX_H,f,c,NR as

if    < 10^(MIN{ PEMAX, EN-DC, PPowerClass – ΔPPowerClass}/10)
        PCMAX_H,f,c,NR = MIN{10*log10(10^(MIN{ PEMAX, EN-DC, PPowerClass – ΔPPowerClass }/10 - ), PEMAX,c, PNR)
else
        PCMAX_H,f,c,NR = - infinity (alternatively, state that NR transmission must be dropped)
where  is the configured output power for the MCG in linear terms
For inter-band EN-DC, define PCMAX_H,f,c,NR as
if    < 10^(MIN{PEMAX, EN-DC, PPowerClass, EN-DC – ΔPPowerClass,EN-DC}/10)
        PCMAX_H,f,c,NR = MIN{10*log10(10^(MIN{PEMAX, EN-DC  , PPowerClass, EN-DC – ΔPPowerClass,EN-DC}/10) - ) PNR , PPowerClass - ΔPPowerClass}
else
       PCMAX_H,f,c,NR = - infinity (alternatively, state that NR transmission must be dropped)
where  is the configured output power for the MCG in linear terms
With these change, the total power constraint is enforced on the SCG, and if necessary, the SCG transmission is dropped.

In Figure 2,  and  are shown for DC_(n)71 with Proposals 1 and 2, respectively, as a function of MCG transmission power  for a full allocation for which the total A-MPR is 6.5 dB (CP-OFDM).  As noted in Section 3.1, with the current specification, the UE is always allowed to drop the SCG and so for the current specification, the minimum power for the SCG is no power at all.
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Figure 2:  SCG Pcmax,L and Pcmax,H vs. MCG transmit power for DC_(n)71 with Proposals 1 and 2 (with current Rel-15, SCG can always be dropped for DC_(n)71)

Most of the changes needed to implement Proposals 1 and 2 provided in the Appendix.    

It should be noted that with Proposals 1 and 2, there is no specific dropping criteria for the SCG other than the SCG may be dropped if pCMAX,L,NR (linear terms) is 0, and the SCG must be dropped if pCMAX,H,NR (linear terms) is 0. As a result, for intra-band EN-DC it may be useful to have another dropping criteria such as a threshold power or PSD below which the SCG may be dropped.  Alternatively, a dropping threshold could be defined for the maximum PSD difference between the MCG and the SCG as is currently in the specification for intra-band EN-DC.
6. Verification of Dynamic Power Sharing
It should be noted that simultaneous transmission on both LTE and NR is not sufficient to demonstrate dynamic power sharing as simultaneous transmission is also present without dynamic power sharing. What should be demonstrated in testing is that both of the objectives given in Section 4 are met.  In particular, should demonstrated that both
i) the LTE carrier is prioritized so that there is no degradation of the LTE carrier due to the presence of the NR carrier.

ii) any power which is not needed by the LTE carrier is made available to the NR carrier.

To test the first requirement, the UE is assigned RB allocations and modulation types for both the LTE and NR carriers.  The UE is then given continuous ‘up’ power control commands on both the LTE and NR carriers until the output power on the LTE and NR carriers reach steady state.  The measured output power for the LTE carrier must be greater the stand alone PCMAX,L in TS 36.101 for the given RB allocation and modulation type.  As for the NR carrier, the measured power should be greater than PCMAX,L as specified in Proposal 1, which is a function of  and which can be measured by the test equipment.  In some cases, it may be that PCMAX,L for NR is 0 in linear terms so that the NR transmission can be dropped.

To test dynamic power sharing, the UE is assigned RB allocations and modulation types for both the LTE and NR carriers.  Similarly, UE is then given continuous ‘up’ power control commands on both the LTE and NR carriers until the output power on the LTE and NR carriers reach steady state.  At this point, the UE is given several “down” power control commands on LTE after which the UE is given “up” commands for the NR carrier until steady state is achieved. As a minimum requirement, the measured NR transmit power should go up as the LTE transmit power goes down.  If this requirement is not met, it means that the UE does not know the value (or have an estimate) of  for the LTE carrier and thus cannot make the unused LTE power available  a to the NR carrier. Futhermore, it means that the UE does not support dynamic power sharing even if it does support LTE prioritization and dual transmission.

Two types of test requirements can be considered for dynamic power sharing:
i) A qualitative requirement in which the measured NR transmit power must increase as the measured LTE power decreases.  For this requirement, the UE is given power ‘up’ commands for both the LTE and NR carriers until the output power reaches steady state.  The power is measured for both the LTE and NR carriers.  The UE is then given several “down” power control commands for LTE after which it is given continuous “up” power control commands for NR.  After the NR power reaches steady state, the measured NR power is recorded.  As the LTE power is reduced with each set of “down” power control commands (after which the UE is given “up”power commands for the NR carrier until steady state is achieved) the measured NR power must increase in order to meet the qualitative requirement.

ii) A quantitative requirement in which the measured NR power is compared to PCMAX,L for the NR carrier.  For this requirement, PCMAX,L for the NR carrier is determined from a measurement of  for the LTE carrier in accordance with Proposal 1.  The UE is given continuous “up” power control commands for the NR carrier until the NR output power reaches steady state.  The measured NR power must then be greater than PCMAX,L for the NR carrier in order to meet the quantitative requirement.
Even if Proposals 1 and 2 in this contribution are not agreed, a qualitative dynamic power sharing test as described in (i) should be agreed so that it can be guaranteed that at least some portion of the unused LTE power is made available to the NR carrier.  Otherwise, there is no guarantee that dynamic power sharing is implemented by the UE.

Proposal 3:  At a minimum, introduce a qualitative dynamic power sharing test to ensure that for a given pair of allocations on the LTE and NR carriers, as the LTE power is decreased, the maximum NR power is increased.
7. Conclusion
In this contribution, it has been shown that there are significant problems with the current implementation of dynamic power sharing for intra-band EN-DC in that the UE is often allowed to drop the SCG transmission even if no scaling of the UE SCG transmission power  in slot  is required to satisfy the inequality

,

To address this problem, it has been proposed that the MPR/A-MPR for the SCG be modified as in Proposal 1 and that   for the SCG be modified as in Proposal 2.

Proposal 1:  For intra-band EN-DC, define MPR/A-MPR for the SCG as in Option 3 and (shown in the Appendix).

Proposal 2:  For intra-band EN-DC, define PCMAX_H,f,c,NR as

if    < 10^(MIN{ PEMAX, EN-DC, PPowerClass – ΔPPowerClass}/10)
        PCMAX_H,f,c,NR = MIN{10*log10(10^(MIN{ PEMAX, EN-DC, PPowerClass – ΔPPowerClass }/10 - ), PEMAX,c, PNR)
else
        PCMAX_H,f,c,NR = - infinity (alternatively, state that NR transmission must be dropped)
where  is the configured output power for the MCG in linear terms.
For inter-band EN-DC, define PCMAX_H,f,c,NR as
if    < 10^(MIN{PEMAX, EN-DC, PPowerClass, EN-DC – ΔPPowerClass,EN-DC}/10)
        PCMAX_H,f,c,NR = MIN{10*log10(10^(MIN{PEMAX, EN-DC  , (PPowerClass, EN-DC – ΔPPowerClass,EN-DC)}/10) - ), PEMAX,c, PNR , (PPowerClass - ΔPPowerClass)}
else
       PCMAX_H,f,c,NR = - infinity (alternatively, state that NR transmission must be dropped)
where  is the configured output power for the MCG in linear terms
Since the current dynamic power sharing requirements are not sufficient to ensure that the UE supports dynamic power sharing, the following proposal should be agreed.
Proposal 3:  At a minimum, introduce a qualitative dynamic power sharing test to ensure that for a given pair of allocations on the LTE and NR carriers, as the LTE power is decreased, the maximum NR power is increased.
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Appendix :  TS 38.101-3 Specification Changes for Proposals 1 and 2

[bookmark: _Toc5268533]6.2B.2	UE maximum output power reduction for EN-DC
[bookmark: _Toc5268534]6.2B.2.0	General
The UE maximum output power reduction (MPR) specified in this subclause is applicable for UEs configured with EN-DC when NS_01 is indicated in the MCG and the SCG. The MPR applies subject to indication in the field modifiedMPRbehavior for the SCG [2].
[bookmark: _Toc5268535]6.2B.2.1	Intra-band contiguous EN-DC
[bookmark: _Toc5268536]6.2B.2.1.1	General
When the UE is configured for intra-band contiguous EN-DC, the UE determines the total allowed maximum output power reduction as specified in this subclause.
For UE supporting dynamic power sharing the following:
-	for the MCG, MPRc in accordance with [4]
-	for the SCG,
	MPR'c = MPRNR = MAX( MPRsingle,NR, MPRENDC)
if    < PPowerClass,EN-DC - MPRtot,
then 
MPR'c = MIN(PEMAX,c , PEMAX, EN-DC, PNR) - 10*log10(10^((PPowerClass,EN-DC - MPRtot)/10) – )
else
MPR'c = infinity,
where  is the configured output power for the MCG in linear terms
-	for the total configured transmission power,
MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - MPRE-UTRA)/10) + 10^((PPowerClass,NR - MPRNR)/10))
where
	MPRE-UTRA = MAX(MPRsingle,E-UTRA, MPRENDC )
with
-	MPRsingle, E-UTRAis the MPR defined for the E-UTRA transmission in [4]
-	MPRsingle,NR is the MPR defined for the NR transmission in [2]
For UEs not supporting dynamic power sharing the following
-	for the MCG,
	MPRc = MAX(MPRsingle,E-UTRA, MPRENDC )
-	for the SCG,
	MPR'c = MAX( MPRsingle,NR, MPRENDC )
where
-	MPRsingle,NR is the MPR defined for the NR transmission in [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in [4]
MPRENDC is defined in Subclause 6.2B.2.1.2
[bookmark: _Toc5268537]6.2B.2.1.2	MPR for power class 3 and power class 2
<<< end of change>>>
<<< Start of changed section>>>
[bookmark: _Toc5268538]6.2B.2.2	Intra-band non-contiguous EN-DC
[bookmark: _Toc5268539]6.2B.2.2.1	General
When the UE is configured for intra-band non-contiguous EN-DC, the UE determines the total allowed maximum output power reduction as specified in this subclause.
For UE supporting dynamic power sharing the following:
-	for the MCG, MPRc in accordance with [4]
-	for the SCG,
	MPR'c = MPRNR = MAX( MPRsingle,NR, MPRENDC) 
if    < PPowerClass,EN-DC - MPRtot,
then 
MPR'c = MIN(PEMAX,c , PEMAX, EN-DC, PNR) - 10*log10(10^((PPowerClass,EN-DC - MPRtot)/10) – )
else
MPR'c = infinity,
where  is the configured output power for the MCG in linear terms 
-	for the total configured transmission power,
MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - MPRE-UTRA)/10) + 10^((PPowerClass,NR - MPRNR)/10))
where
	MPRE-UTRA = MAX(MPRsingle,E-UTRA, MPRENDC )
with
-	MPRsingle, E-UTRAis the MPR defined for the E-UTRA transmission in [4]
-	MPRsingle,NR is the MPR defined for the NR transmission in [2]
For UEs not supporting dynamic power sharing the following
-	for the MCG,
	MPRc = MAX(MPRsingle,E-UTRA, MPRENDC )
-	for the SCG,
	MPR'c = MAX( MPRsingle,NR, MPRENDC )
where
-	MPRsingle,NR is the MPR defined for the NR transmission in [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in [4]
MPRENDC is defined in Subclause 6.2B.2.2.2
[bookmark: _Toc5268540]6.2B.2.2.2	MPR for power class 3 and power class 2
<<< end of change>>>
<<< Start of changed section>>>
[bookmark: _Toc5268547]6.2B.3.1.1	A-MPR for DC_(n)71AA
For UE supporting dynamic power sharing the following:
-	for the MCG, A-MPRc in accordance with [4]
-	for the SCG, A-MPR'c = [A-MPRDC]
if    < PPowerClass,EN-DC – A-MPRtot,
then 
A-MPR'c = MIN(PEMAX,c , PEMAX, EN-DC, PNR) - 10*log10(10^((PPowerClass,EN-DC - A-MPRtot)/10) – )
else
A-MPR'c = infinity,
where  is the configured output power for the MCG in linear terms
-	for the total configured transmission power, A-MPRtot = A-MPRDC
with A-MPRDC as defined in this sub-clause.
For UEs not supporting dynamic power sharing the following
-	for the MCG,
	A-MPRc = A-MPRLTE
-	for the SCG,
	A-MPR'c = A-MPRNR
with A-MPRLTE and A-MPRNR as defined in this sub-clause.
For DC_(n)71AA with configured with network signaling values as per Table 6.2B.3.1.1-1 the allowed A-MPR is defined by
-	for UE indicating support of dynamicPowerSharing in the UE-MRDC-Capability IE
	A-MPRDC = CEIL{ MA,DC (A), 0.5}
where A-MPRDC is the total power reduction allowed (dB),
-	for OFDM:
MA,DC =	11.00 - 11.67*A;		0.00 < A ≤ 0.30
8.10 - 2.00*A;					0.30 < A ≤ 0.80
6.50;								0.80 < A ≤ 1.00
-	for DFT-S-OFDM:
MA,DC =	11.00 - 13.33*A;  	0.00 < A ≤ 0.30
8.00 - 3.33*A;   					0.30 < A ≤ 0.60
6.00;								0.60 < A ≤ 1.00
where

with LCRB, LTE and NRB, LTE the number of allocated PRB and transmission bandwidth for MCG, LCRB,NR and NRB,NR the number of allocated PRB and transmission bandwidth for SCG with SCS = 15 kHz.
-	for UE not indicating support of dynamicPowerSharing
A-MPRLTE = CEIL{ MA,LTE , 0.5}
A-MPRNR = CEIL{ MA,NR, 0.5}
where A-MPR is the total power reduction allowed per CG with






Where LCRB,NR and NRB,NR the number of allocated PRB and transmission bandwidth for SCG with SCS = 15 kHz.
[bookmark: _Toc5268548]6.2B.3.1.2	A-MPR for NS_04
6.2B.3.1.2.0	General
When the UE is configured for B41/n41 intra-band contiguous EN-DC and it receives IE NS_04, the UE determines the total allowed maximum output power reduction as specified in this subclause. The A-MPR for EN-DC defined in this section is used instead of MPR defined in 6.2B.2.2, not additively, so EN-DC MPR = 0 when NS_04 is signaled.
For UE supporting dynamic power sharing the following:
-	for the MCG, A-MPRc in accordance with [4]
-	for the SCG,
	A-MPR'c = A-MPRNR = MAX( A-MPRsingle,NR, A-MPRIM3)
if    < PPowerClass,EN-DC – A-MPRtot,
then 
A-MPR'c = MIN(PEMAX,c , PEMAX, EN-DC, PNR) - 10*log10(10^((PPowerClass,EN-DC - A-MPRtot)/10) – )
else
A-MPR'c = infinity,
where  is the configured output power for the MCG in linear terms 
-	for the total configured transmission power,
A-MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - A-MPRE-UTRA)/10) + 10^((PPowerClass,NR - A-MPRNR)/10))
where
	A-MPRE-UTRA = MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 )
with
-	A-MPRsingle, E-UTRAis the A-MPR defined for the E-UTRA transmission in [4]
-	A-MPRsingle,NR is the A-MPR defined for the NR transmission in [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in [4]
For UEs not supporting dynamic power sharing the following
-	for the MCG,
	A-MPRc = MAX( A-MPRsingle, E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 )
-	for the SCG,
	A-MPR'c = MAX( A-MPRsingle,NR, A-MPRIM3 )
where
-	A-MPRsingle, E-UTRAis the A-MPR defined for the E-UTRA transmission in [4]
-	A-MPRsingle,NR is the A-MPR defined for the NR transmission in [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in [4]
The UE determines the Channel Configuration Case and the value of A-MPRIM3 as follows:
If FIM3,low_block,low < 2490.5 MHz

		Channel Configuration Case B. A-MPRIM3 defined in Subclause 6.2B.3.1.2.2

Else

		Channel Configuration Case A. A-MPRIM3 defined in Subclause 6.2B.3.1.2.1
where
-	FIM3,low_block,low = (2 * Flow_channel,low_edge) – Fhigh_channel,high_edge
-	Flow_channel,low_edge is the lowermost frequency of lower transmission bandwidth configuration.
-	Fhigh_channel,high_edge is the uppermost frequency of upper transmission bandwidth configuration.
6.2B.3.1.2.1	A-MPRIM3 for NS_04 to meet -13 dBm / 1MHz for 26dBm UE power
A-MPR in this sub-clause is relative to 26 dBm for a power class 2 Cell Group. The same A-MPR is used relative to 23 dBm for a power class 3 Cell Group. For the UE is configured with channel configurations Case A or Case C (defined in Subclause 6.2B.3.2.1), the allowed maximum output power reduction for IM3s applied to transmission on the MCG and the SCG with non-contiguous resource allocation is defined as follows:
A-MPRIM3 = MA
		Where MA is defined as follows
MA = 	15	;	0 ≤ B < 0.5
			10	;	0.5 ≤ B < 1.0
			8	;	1.0 ≤ B < 2.0
			6	;	2.0 ≤ B
Where:
	For UEs supporting dynamic power sharing,
			B = (LCRB_alloc, E-UTRA * 12* SCSE-UTRA + LCRB_alloc,NR * 12 * SCSNR)/1,000,000
For UEs not supporting dynamic power sharing,
	For E-UTRA
			B = (LCRB_alloc, E-UTRA * 12* SCSE-UTRA + 12 * SCSNR)/1,000,000
Where SCSNR =15 kHz is assumed in calculation of B.
	For NR
			B = (12* SCSE-UTRA + LCRB_alloc,NR * 12 * SCSNR)/1,000,000
Where SCSE-UTRA = 15 kHz is assumed in calculation of B.
and MA is reduced by 1 dB for B < 2.0.
6.2B.3.1.2.2	A-MPR for NS_04 to meet -25 dBm / 1MHz for 26 dBm UE power
<<< end of change>>>
<<< Start of changed section>>>
[bookmark: _Toc5268551]6.2B.3.2.1	A-MPR for NS_04
When the UE is configured for B41/n41 intra-band non-contiguous EN-DC and it receives IE NS_04, the UE determines the total allowed maximum output power reduction as specified in this subclause. The A-MPR for EN-DC defined in this section is used instead of MPR defined in 6.2B.2.2, not additively, so EN-DC MPR=0 when NS_04 is signaled.
For UE supporting dynamic power sharing the following:
-	for the MCG, A-MPRc in accordance with [4]
-	for the SCG,
A-MPR'c = A-MPRNR = MAX( A-MPRsingle,NR, A-MPREN-DC)
if    < PPowerClass,EN-DC – A-MPRtot,
then 
A-MPR'c = MIN(PEMAX,c , PEMAX, EN-DC, PNR) - 10*log10(10^((PPowerClass,EN-DC - A-MPRtot)/10) – )
else
A-MPR'c = infinity,
              where  is the configured output power for the MCG in linear terms
-	for the total configured transmission power,
A-MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - A-MPRE-UTRA)/10) + 10^((PPowerClass,NR - A-MPRNR)/10))
where
	A-MPRE-UTRA = MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPREN-DC )
	A-MPREN-DC = MAX(A-MPRIM3, A-MPRACLRoverlap )
with
-	A-MPRsingle, E-UTRAis the A-MPR defined for the E-UTRA transmission in [4]
-	A-MPRsingle,NR is the A-MPR defined for the NR transmission in [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in [4]
For UEs not supporting dynamic power sharing the following
-	for the MCG,
	A-MPRc = MAX( A-MPRsingle, E-UTRA + MPRsingle,E-UTRA, A-MPRIM3, A-MPRACLRoverlap)
-	for the SCG,
	A-MPR'c = MAX( A-MPRsingle,NR, A-MPRIM3, A-MPRACLRoverlap)
where
-	A-MPRsingle, E-UTRAis the A-MPR defined for the E-UTRA transmission in [4]
-	A-MPRsingle,NR is the A-MPR defined for the NR transmission in [2]
-	MPRsingle,E-UTRA is the MPR defined for the E-UTRA transmission in [4]
The UE determines the Channel Configuration Case and the value of A-MPRIM3 as follows:
If AND( FIM3,low_block,high < Ffilter,low ,  MAX( SEM-13,high, FIM3,high_block,low ) > Ffilter,high )

		Channel Configuration Case C. A-MPRIM3 defined in Subclause 6.2B.3.1.2.1

Else

		Channel Configuration Case D. A-MPRIM3 defined in Subclause 6.2B.3.1.2.2
where
-	FIM3,low_block,high = (2 * Flow_channel,high_edge ) – Fhigh_channel,low_edge
-	FIM3,high_block,low = (2 * Fhigh_channel,low_edge) – Flow_channel,high_edge
-	Flow_channel,low_edge is the lowermost frequency of lower transmission bandwidth configuration.
-	Flow_channel,high_edge is the uppermost frequency of lower transmission bandwidth configuration.
-	Fhigh_channel,low_edge is the lowermost frequency of upper transmission bandwidth configuration.
-	Fhigh_channel,high_edge is the uppermost frequency of upper transmission bandwidth configuration.
-	Ffilter,low = 2480 MHz
-	Ffilter,high = 2745 MHz
-	SEM-13,high = Threshold frequency where upper spectral emission mask for upper channel drops from -13 dBm / 1MHz to -25 dBm / 1MHz, as specified in Subclause 6.5B.2.1.2.2.
The UE determines the value of A-MPRACLRoverlap as specified in Table 6.2B.3.2.1-1:
Table 6.2B.3.2.1-1: A-MPRACLRoverlap
	Wgap
	A-MPRACLRoverlap

	< BWchannel,E-UTRA + BWchannel,NR
	4 dB

	≥ BWchannel,E-UTRA + BWchannel,NR
	0 dB

	NOTE 1:	Wgap = Fhigh_channel,low_edge - Flow_channel,high_edge



[bookmark: _Toc5268552]6.2B.3.3	Inter-band EN-DC within FR1
[bookmark: _Toc5268555]<<< end of change>>>
<<< Start of changed section>>>
6.2B.4	Configured output power for EN-DC
[bookmark: _Toc5268556]6.2B.4.1	Configured output power level
[bookmark: _Toc5268557]6.2B.4.1.1	Intra-band contiguous EN-DC
The following requirements apply for one component carrier per CG configured for synchronous DC.
For intra-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum transmission power for EN-DC operation = 10log10() with  as specified in sub-clause 7.6 of [10].
The configured maximum output power PCMAX_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set within the bounds:
	PCMAX_L_ E-UTRA,c (p) ≤ PCMAX_ E-UTRA,c (p) ≤  PCMAX H _ E-UTRA,c (p)
where PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for a serving cell c as specified in TS 36.101 [4] sub-clause 6.2.5 modified by PLTE as follows:

PCMAX_L_ E-UTRA,c = MIN {MIN(PEMAX,c , PEMAX, EN-DC, PLTE) – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}
	PCMAX H _ E-UTRA,c = MIN {PEMAX,c, PEMAX, EN-DC , PLTE, PPowerClass – ΔPPowerClass}
where
-	PEMAX,EN-DC is the value given by the field p-maxUE-FR1 of the RRCConnectionReconfiguration-v1530 IE as defined in [8];
-	PLTE is the value given by the field p-maxEUTRA-FR1 of the RRCConnectionReconfiguration-v1510 as defined in [8];
-	∆tC_EUTRA, c = 1.5 dB when NOTE 2 in Table 6.2.2-1 of [4] applies; ∆tC_EUTRA, c = 0 dB otherwise;
and whenever NS_01 is not indicated within CG 1:
-	for a UE indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with the DCI of serving cell c of the CG 1 and the specification in sub-clause 6.2.4 of [4];
-	for a UE not indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with sub-clause 6.2B.3.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;
and whenever NS_01 is indicated in CG 1:
-	for a UE indicating support of dynamicPowerSharing, the MPRc is determined in accordance with the DCI of serving cell c of the CG 1 and the specification in sub-clause 6.2.4 of [4];
-	for a UE not indicating support of dynamicPowerSharing, the MPRc is determined in accordance with sub-clause 6.2B.2.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and A-MPRc = 0 dB;
The configured maximum output power PCMAX_ NR,c (q) in physical channel q for the configured NR carrier shall be set within the bounds:
	PCMAX_L,f,c,,NR (q) ≤  PCMAX,f,c,NR (q) ≤  PCMAX_H,f,c,NR (q)
where PCMAX_L_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in sub-clause 6.2.4 of TS 38.101-1 [2] modified  as follows:
PCMAX_L,f,c,,NR = MIN {MIN(PEMAX,c , PEMAX, EN-DC, PNR) - TC_NR, c, (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }
     if    < 10^(MIN{ PEMAX, EN-DC, PPowerClass – ΔPPowerClass}/10)     
     PCMAX_H,f,c,NR = MIN {10*log10(10^(MIN{PEMAX,c, PEMAX, EN-DC, PNR , PPowerClass – ΔPPowerClass}/10 - ),  PEMAX,c, PNR } 
     else
     PCMAX_H,f,c,NR = - infinity 
where  is the configured output power for the MCG in linear terms   
where
-	PEMAX,EN-DC is the value given by the field p-maxUE-FR1 of the RRCConnectionReconfiguration-v1530 IE as defined in [8];
-	PLTE signalled by RRC as p-MaxEUTRA in 36.331 [8]
-	PNR is the value given by the field  p-NR-FR1 of the PhysicalCellGroupConfig IE as defined in  [9] and signalled by RRC;
-	ΔTc_E-UTRA, c = 1.5dB when NOTE 2 in Table 6.2.2-1 in TS 36.101 [4] applies for a serving cell c, otherwise TC_ E-UTRA,c = 0dB;
-	TC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in TS 38.101-1 [2] applies for a serving cell c, otherwise TC_NR,c = 0dB;
-	ΔTIB,c specified in sub-clause 6.2.7 for EN-DC, the individual Power Class defined in table 6.2B.1-3 and any other additional power reductions parameters specified in sub-clauses 6.2.3 and 6.2.4 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.
and whenever NS_01 is not indicated within CG 2:
[bookmark: _Hlk531561815]-	for a UE indicating support of dynamicPowerSharing, A-MPRc = A-MPR'c with A-MPR'c determined in accordance with sub-clause 6.2B.3.1 and MPRc = 0 dB if transmission(s) in subframe p on CG 1 overlap in time with physical channel q on CG 2;
[bookmark: _Hlk531561928]-	for a UE indicating support of dynamicPowerSharing, A-MPRc is determined in accordance with [2] if transmission(s) in subframe p on CG 1 does not overlap in time with physical channel q on CG 2;
-	for a UE not indicating support of dynamicPowerSharing, the A-MPRc is determined in accordance with sub-clause 6.2B.3.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;
and whenever NS_01 is indicated in CG 2.
-	for a UE indicating support of dynamicPowerSharing, MPRc = MPR'c with MPR'c determined in accordance with sub-clause 6.2B.2.1 and A-MPRc = 0 dB if transmission(s) in subframe p on CG 1 overlap in time with physical channel q on CG 2;
-	for a UE indicating support of dynamicPowerSharing, MPRc is determined in accordance with [2] if transmission(s) in subframe p on CG 1 does not overlap in time with physical channel q on CG 2;
-	for a UE not indicating support of dynamicPowerSharing, the MPRc is determined in accordance with sub-clause 6.2B.2.1 with parameters applicable for UEs not indicating support of dynamicPowerSharing and MPRc = 0 dB;
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
If the EN-DC UE is not supporting dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications TS 36.101 [4] and TS 38.101-1 [2] respectively apply with the modifications specified above.
If the UE does not support dynamic power sharing,
 = MIN { PEMAX, EN-DC , PPowerClass, EN-DC } + 0.3 dB
For UEs indicating support of dynamicPowerSharing in the UE-MRDC-Capability IE the UE can configure the total maximum transmission power  within the range
	PEN-DC,tot_L ≤  ≤  PEN-DC,tot_H
where
	PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC – MAX{MPRtot, A-MPRtot}, PEMAX,EN-DC}
	PEN-DC,tot_H (p,q) = MIN{PPowerClass,EN-DC, PEMAX,EN-DC}
for sub-frame p on CG 1 overlapping with physical channel q on CG 2 and with MPRtot and A-MPRtot in accordance with 6.2B.2.1 and sub-clause 6.2B.3.1, respectively.
The measured total maximum output power PUMAX over both CGs/RATs, measured over the transmission reference time duration is
[bookmark: _Hlk531562913]	PUMAX = 10 log10 [pUMAX,c,E-UTRA + pUMAX,f,c,NR],
where pUMAX,c,E-UTRA and pUMAX,c,NR denotes the measured output power of serving cell c for E-UTRA and NR respectively, expressed in linear scale.
For UEs indicating support of dynamicPowerSharing, the measured total configured maximum output power PUMAX shall be within the following bounds:
	PCMAX_L -TLOW (PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)
with the tolerances TLOW(PCMAX_L) and THIGH(PCMAX_H) for applicable values of PCMAX_L and PCMAX_L specified in Table 6.2B.4.1.1-2.
When an UL subframe transmission p from E-UTRA overlap with a physical channel q from the NR, then for PUMAX evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
TREF and Teval are specified in Table 6.2B.4.1.1-1 when same or different subframes and physical channel durations are used in aggregated carriers. PPowerClass ,EN-DC shall not be exceeded by the UE during any evaluation period of time.
Table 6.2B.4.1.1-1: PCMAX evaluation window
	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	LTE Subframe 
	Min(Tno_hopping, Physical Channel Length)



For each TREF, the PCMAX_H is evaluated per Teval and given by the maximum value over the transmission(s) within the Teval as follows:
	PCMAX_H  = MAX { PCMAX_ EN-DC _H (p,q) , PCMAX_ EN-DC _H (p,q+1), … , PCMAX_ EN-DC _H (p,q+n) }
where PCMAX_ EN-DC _H are the applicable upper limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL physical channel overlapping with LTE subframe p.
While PCMAX_L is computed as follows:
	PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}
where PCMAX_EN-DC_L are the applicable lower limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL physical channel overlapping with LTE subframe p,
With
	PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
And:
a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > PEN-DC,tot_L
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > PEN-DC,tot_L
If a= FALSE and the configured transmission power spectral density between the MCG and SCG differs by less than [6] dB
If the configured transmission power spectral density between the MCG and SCG differs by less than or equal to [6] dB
	PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If (a=TRUE) AND (b=FALSE) and the configured transmission power spectral density between the MCG and SCG differs by less than [6] dB
	PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If b= TRUE or the configured transmission power spectral density between the MCG and SCG differs by more than [6] dB
	PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
where
[bookmark: _Hlk531553486]-	pCMAX H _ E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale;
-	pCMAX H _ NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale;
-	pCMAX L _ E-UTRA,c (p) is the E-UTRA lower limit of the maximum configured power expressed in linear scale;
-	pCMAX L _ NR,c(q) is the NR lower limit of the maximum configured power expressed in linear scale;
-	PPowerClass, EN-DC is defined in sub-clause 6.2B.1.1-1 for intra-band EN-DC;
-	X_scale is the linear value of X dB which is configured by RRC and can only take values [0 , 6] dB
-	pCMAX  E-UTRA,c (p) is the linear value of PCMAX  E-UTRA,c (p), the real configured max power for LTE
-	pCMAX,f,c  NR (q) is the linear value of PCMAX,f,c  NR (q), the real configured max power of NR
Table 6.2B.4.1.1-2: PCMAX tolerance for Dual Connectivity LTE-NR
	PCMAX(dBm)
	Tolerance
TLOW (PCMAX_L) (dB)
	Tolerance
THIGH (PCMAX_H) (dB)

	23 ≤ PCMAX ≤ 33
	[3.0]
	[2.0]

	22 ≤ PCMAX < 23
	[5.0]
	[2.0]

	21 ≤ PCMAX< 22
	[5.0]
	[3.0]

	20 ≤ PCMAX < 21
	[6.0]
	[4.0]

	16 ≤ PCMAX < 20
	[5.0]

	11 ≤ PCMAX < 16
	[6.0]

	-40 ≤ PCMAX < 11
	[7.0]



If the UE supports dynamic power sharing, and when LTE and NR transmissions overlap and the condition (If (a=TRUE) AND (b=FALSE)) is met, SCG shall be transmitted and the following supplementary minimum requirement apply for the measured SCG power, PUMAX,f,c,NR (q), under nominal conditions and unless otherwise stated
	10log(pCMAX L,f,c,,NR(q)/X_scale)  –  TLOW (10log(pCMAX L,f,c,,NR(q)/X_scale) )}  ≤  PUMAX,f,c,NR (q) ≤  10log(pCMAX H, f,c,,NR (q)) + THIGH (10log(pCMAX H, f,c,,NR (q))).
with the tolerances TLOW and THIGH for applicable values of PCMAX specified in Table 6.2B.4.1.1-2.
If the UE supports dynamic power sharing, the measured maximum output power in subframe p on CG 1, pUMAX,c,E-UTRA,  shall meet the requirements in subclause 6.2.5 in [4] with the limits PCMAX_L,c and PCMAX_H,c replaced by PCMAX_L_ E-UTRA,c and PCMAX_H_ E- UTRA,c as specified above, respectively.
[bookmark: _Hlk531562151]If the configured transmission power spectral density between the MCG and SCG differs by more than [6] dB, then
	PUMAX,f,c,NR (q) ≤ 10log(pCMAX H, f,c,,NR (q)) + THIGH (10log(pCMAX H, f,c,NR (q))).
[bookmark: _Toc5268558]6.2B.4.1.2	Intra-band non-contiguous EN-DC
<<< end of change>>>

<<< Start of changed section>>>
6.2B.4.1.3	Inter-band EN-DC within FR1
For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum transmission  power for EN-DC operation, = 10log10() with  as specified in sub-clause 7.6 of [10].
The configured maximum output power PCMAX_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set within the bounds:
PCMAX_L_ E-UTRA,c (p) ≤  PCMAX_ E-UTRA,c (p) ≤  PCMAX H _ E-UTRA,c (p)
where PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for a serving cell c as specified in TS 36.101 [4] sub-clause 6.2.5 modified by PLTE as follows:
[bookmark: _Hlk529357013]PCMAX_L_ E-UTRA,c = MIN { PEMAX, EN-DC , (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ), MIN(PEMAX,c , PLTE) – tC_ E-UTRA, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c  + TC_ E-UTRA, c + TProSe, P-MPRc)}
	PCMAX H _ E-UTRA,c = MIN {PEMAX,c,  PEMAX, EN-DC  , (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ), PLTE, PPowerClass – ΔPPowerClass}
The configured maximum output power PCMAX_ NR,c (q) in physical-channel q for the configured NR carrier shall be set within the bounds:
	PCMAX_L,f,c,,NR (q) ≤  PCMAX,f,c,NR (q) ≤  PCMAX_H,f,c,NR (q)
where PCMAX_L_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in sub-clause 6.2.4 of TS 38.101-1 [2] modified as follows:
PCMAX_L,f,c,,NR = MIN { PEMAX, EN-DC  , (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ), MIN(PEMAX,c , PNR ) - TC_NR, c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + TC_NR, c + ∆TRxSRS,  P-MPRc) }
if    < 10^(MIN{PEMAX, EN-DC, PPowerClass, EN-DC – ΔPPowerClass,EN-DC}/10)
PCMAX_H,f,c,NR = MIN {10*log10(10^(MIN{PEMAX,c, PEMAX, EN-DC  , (PPowerClass, EN-DC – ΔPPowerClass,EN-DC ) }/10) - ), PEMAX,c, PNR , PPowerClass – ΔPPowerClass } 
[bookmark: _Hlk529357941]else
       PCMAX_H,f,c,NR = - infinity
where  is the configured output power for the MCG in linear terms 
where
-	PEMAX,EN-DC is the value given by the field p-maxUE-FR1 of the RRCConnectionReconfiguration-v1530 IE as defined in [8];
-	PLTE is the value given by the field p-maxEUTRA-FR1 of the RRCConnectionReconfiguration-v1510 as defined in [8];
-	PNR is the value given by the field p-NR-FR1 of the PhysicalCellGroupConfig IE as defined in [9];
-	ΔTc_E-UTRA, c = 1.5dB when NOTE 2 in Table 6.2.2-1 in TS 36.101 [4] applies for a serving cell c, otherwise TC_ E-UTRA,c = 0dB;
-	TC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in TS 38.101-1 [2] applies for a serving cell c, otherwise TC_NR,c = 0dB;
-	ΔTIB,c specified in sub-clause 6.2.7 for EN-DC, the individual Power Class defined in table 6.2B.1-3 and any other additional power reductions parameters specified in sub-clauses 6.2.3 and 6.2.4 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.
-	ΔPPowerClass,EN-DC = 3 dB for a power class 2 capable EN-DC UE when  LTE UL/DL configuration is 0 or 6; or LTE UL/DL configuration is 1 and special subframe configuration is 0 or 5; or the IE p-maxUE-FR1 as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower; otherwise ΔPPowerClass,EN-DC = 0 dB;
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
 = 10log10() with  the configured maximum transmission power for EN-DC operation as specified in sub-clause 7.6 of [10].
The total configured maximum transmission power for both synchronous and non-synchronous operation is
	= MIN { PEMAX, EN-DC ,PPowerClass, EN-DC – ΔPPowerClass, EN-DC }
If the UE does not support dynamic power sharing,
	= MIN { PEMAX, EN-DC ,PPowerClass, EN-DC  – ΔPPowerClass, EN-DC } + 0.3 dB
If the EN-DC UE does not support dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications TS 36.101 [4] and TS 38.101-1 [2] respectively apply with the modifications specified above and  applies.
When a UE supporting dynamic sharing is configured for overlapping E-UTRA uplink and NR uplink transmissions, the UE can set its configured maximum output power PCMAX_ E-UTRA,c and PCMAX_ NR,c for the configured E-UTRA and NR uplink carriers, respectively, and its configured maximum transmission power for EN-DC operation, , as specified above.
The measured total maximum output power PUMAX over both CGs/RATs, measured over the transmission reference time duration is
	PUMAX = 10 log10 [pUMAX,c,E-UTRA + pUMAX,c,NR],
where pUMAX,c,E-UTRA and pUMAX,c,NR denotes the measured output power of serving cell c for E-UTRA and NR respectively, expressed in linear scale.
The measured total configured maximum output power PUMAX shall be within the following bounds:
	PCMAX_L -TLOW (PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)
with the tolerances TLOW(PCMAX_H) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.
When an UL subframe transmission p from E-UTRA overlap with a physical-channel q from the NR, then for PUMAX evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
TREF and Teval are specified in Table 6.2B.4.1.3-1 when same or different subframe and physical-channel durations are used in aggregated carriers. PPowerClass ,EN-DC shall not be exceeded by the UE during any evaluation period of time.
Table 6.2B.4.1.3-1: PCMAX evaluation window
	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	LTE Subframe 
	Min(Tno_hopping, Physical Channel Length)



For each TREF, the PCMAX_H is evaluated per Teval and given by the maximum value over the transmission(s) within the Teval as follows:
	PCMAX_H  = MAX { PCMAX_ EN-DC _H (p,q) , PCMAX_ EN-DC _H (p,q+1), … , PCMAX_ EN-DC _H (p,q+n) }
where PCMAX_ EN-DC _H are the applicable upper limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL physical-channel overlapping with LTE subframe p.
While PCMAX_L is computed as follows:
	PCMAX_L = MIN { PCMAX_ EN-DC _L (p,q) , PCMAX_ EN-DC _L (p,q+1), … , PCMAX_ EN-DC _L (p,q+n)}
where PCMAX_EN-DC_L are the applicable lower limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL physical-channel overlapping with LTE subframe p,
With
	PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H,f,c,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
And:
a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > 
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > 
If a= FALSE
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If (a=TRUE) AND (b=FALSE)
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If b= TRUE
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
where
-	pCMAX H _ E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale;
-	pCMAX H _ NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale;
-	pCMAX L _ E-UTRA,c (p) is the E-UTRA lower limit of the maximum configured power expressed in linear scale;
-	pCMAX L _ NR,c(q) is the NR lower limit of the maximum configured power expressed in linear scale;
-	PPowerClass, EN-DC is defined in sub-clause 6.2B.1.3-1 for inter-band EN-DC;
-	X_scale is the linear value of X dB which is configured by RRC and can only take values [0 , 6]
-	pCMAX_ E-UTRA,c (p) is the linear value of PCMAX_ E-UTRA,c (p), the real configured max power for LTE
-	pCMAX,f,c,NR (q) is the linear value of PCMAX,f,c,NR (q), the real configured max power of NR
Table 6.2B.4.1.3-2: PCMAX tolerance for Dual Connectivity LTE-NR
	PCMAX(dBm)
	Tolerance
TLOW (PCMAX_L) (dB)
	Tolerance
THIGH (PCMAX_H) (dB)

	23 ≤ PCMAX ≤ 33
	[3.0]
	[2.0]

	22 ≤ PCMAX < 23
	[5.0]
	[2.0]

	21 ≤ PCMAX< 22
	[5.0]
	[3.0]

	20 ≤ PCMAX < 21
	[6.0]
	[4.0]

	16 ≤ PCMAX < 20
	[5.0]

	11 ≤ PCMAX < 16
	[6.0]

	-40 ≤ PCMAX < 11
	[7.0]

	NOTE 1:	For UEs not indicating support of dynamic power sharing, the upper tolerance Thigh shall be reduced by 0.3 dB for P ≥ 20 dBm.



When LTE and NR transmissions overlap and the condition (If (a=TRUE) AND (b=FALSE)) is met, SCG shall be transmitted and the following supplementary minimum requirement apply for the measured SCG power, PUMAX,f,c,NR (q), under nominal conditions.
	10log(pCMAX L,f,c,,NR c(q)/X_scale)  –  TLOW (10log(pCMAX L,f,c,,NR c(q)/X_scale) )}  ≤  PUMAX,f,c,NR (q) ≤  10log(pCMAX H, f,c,,NR c (q)) + THIGH (10log(pCMAX H, f,c,,NR c (q))).
with the tolerances TLOW and THIGH for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.
[bookmark: _Toc5268559]6.2B.4.1.4	Inter-band EN-DC including FR2
<<< end of change>>>
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