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1 Introduction
RAN4#92 discussed how to utilize the uplink power of High Power UE (PC2=26dBm) when the UE’s uplink duty cycle is exceeds signaled maxUplinkDutycycle or default duty cycle (if not signaled) by even the slightest percentage of it. 

This contribution addresses the questions raised in RAN4#92 on [1] and the answer on the following agreement captured in the chairman note.
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2 Discussion
2.1 Proposed alternatives in [1]

Alternative 1: Consider the maximum output power and uplink duty cycle to have linear relationship as defined in the following equation. 

Note: The equation here is based on Standalone NR in TS38.101-1 while the way be applied to CA, DC regardless of its combination of RATs and duplex modes. 
pMaxPower_Duty = (pdefault - pPowerClass)* DutycycleUpper limit/(100 - maxUplinkDutyCycle)  +(100* pPowerClass - maxUplinkDutyCycle * pdefault ) /(100 – maxUplinkDutyCycle )                             - (1)
Where;
· PMaxPower_Duty is the maximum output power under a certain uplink duty cycle defined in the above equation (1). pMaxPower_Duty is the linear value of PMaxPower_Duty
· maxUplinkDutyCycle is defined in TS 38.306
· UplinkDutyCycleNR is the percentage of NR TDD uplink symbols transmitted in a certain evaluation period;
· PPowerClass is the maximum UE power specified in Table 6.2.1-1 without taking into account the tolerance specified in the Table 6.2.1-1. pPowerClass is the linear value of PPowerClass;

· Pdefault is the default power class. pdefult is the linear value of Pdefault;
The equation 1 is shown as the dashed line in the below Figure 2-1. 
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The equation (1) shows the dashed line in this

figure where according to the scheduled uplink duty
cycle, the UE’s maximum output power changes.





Figure 2-1: Alternative 1: Linear method
With this equation, according to the uplink duty cycle scheduled by the network, UE’s maximum output power changes in a linear way. Network can optimize the uplink duty cycle for the UE with this feature since the network can know what the maximum output power under a certain uplink duty cycle.
Alternative 2: Consider the maximum output power and uplink duty cycle behaves like a step function defined in the following manner. 

· pMaxPower_Duty = pPowerClass if UplinkDutyCycleNR is less than or equal to maxUplinkDutyCycle
· pMaxPower_Duty = pPowerClass – x dB if maxUplinkDutyCycle < UplinkDutyCycleNR ≤ y %
· pMaxPower_Duty = pdefault if UplinkDutyCycleNR < y %
Where;
· x and y can be defined as fixed values in TS38.101-x or the combinations of x and y can be defined as capability with several patterns but one of them is used or several combinations can be used simultaneously(in other words, the number of steps is incremented)
A specific example of the alternative 2 is shown in Figure 2-3 where x = 2 dB and y = 75% only.  
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Figure 2-2: Alternative 2: Step function method
The alternative 2 can provide some margin for UE implementations while the gain by utilizing the remaining uplink power would be limited compared to the alternative 1.

2.2
Answers for the raised questions
Question 1 for test
Usage of the equation in the specification is not new. There are requirements using equation like MPR. In conformance test, we do not expect all the points for the proposed alternatives are tested like the MPR. 
For instance, for the alternative 1 case, if a UE’s max uplink duty cycle ability for 26dBm is 50%, additional test points would be 50%, 75% and 100%. 
· If the scheduled UL duty cycle is 50%, UE’s output power is 26 dBm(400 mW)
· If the scheduled UL duty cycle is 75%, UE’s output power is 24.77 dBm(300mW)

· If the scheduled UL duty cycle is 100%, UE’s output power is considered as 23 dBm(200mW that is PC3).

Question 2 for capability
The UE supporting this feature should signal its capability to the network. The capability is optional and the introduction of this capability is from Rel16. 
Question 3 for Power class for UE
If PC2 capable UE supports this feature, the Power class 2 requirements are always applicable unless the scheduled UL duty cycle is 100%.
Question 4 for How network use this feature
In short, this does give network one additional choice for its scheduling. There is a case where UE needs to increase its power and the number of RBs to get higher data rate at cell edge while the network may not always be able to allocate the suitable RBs since there are some other users.  With this feature, the network can take into account the number of RBs and/or UL duty cycle in its scheduling. 
2.3
View on the proposal in the raised questions
In this sub-section, we share our view on the proposals in [2].
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Proposal 2: or RAN4 define a relation between APpoyerciuss and maxUplinkdutycycle as APpowerciass=26dBm-
dBm(398mw*maxuplinkdutycyle)=26dBm-10Log(398mw *maxuplinkdutycycle).




We understand the motivation to try to use the remaining power as much as possible. However, if our understanding is correct, the above would not solve the original issue due to the following reasons. 

With this approach, 
If maxUplinkDutyCycle=50%, the ΔPPowerClass=3dB.  What it means that if scheduled UL duty cycle exceeds 50%, UE’s Power class becomes PPowerClass – ΔPPowerClass which is 23dBm. It is not a problem in terms of UE implementation. However, even if the scheduled UL duty cycle is 51%, this UE shall fallback to 23dBm. This is the condition that RAN4 has tried to solve but this solution cannot address the issue.
If maxUplinkDutyCycle=75%, the ΔPPowerClass=1.2dB.  What it means that if scheduled UL duty cycle exceeds 75%, UE’s Power class becomes PPowerClass – ΔPPowerClass which is 24.8dBm. This 24.8dBm stays regardless of the scheduled UL duty cycle. Though normally this would cause an issue in terms of UE implementation to satisfy SAR when the scheduled UL duty cycle is approaching 100%, our understanding is that the proponent’s assumption would be UE dealing with 75% at 26dBm has a very good implementation against SAR issue. That would be reasonable for us. In the end, it depends on if the other UE vendors accept it. In addition, still this does not solve the original issue that UE does not need to reduce its power suddenly down to 24.8dBm if the scheduled UL duty cycle is 76%.
If maxUplinkDutyCycle=100%, the ΔPPowerClass=0dB.  It is not a problem for this case theoretically since the UE declares that it can handle 26dBm regardless of the scheduled UL duty cycle. It is, however, may not be practical to see the UE to signal 100% for handled UE.
In summary, this method in [2] helps to use the power as much as possible for the UE with maxUplinkDutyCycle whose value is very high. Note that if the value approaches 100%, the gain of this method becomes larger. Provided that most of the handled UE has maxUplinkDutyCycle of around 50%, this would not give us sufficient gain. In addition, the UE implementation margin for the method is less than the alternative 1 in [1] since the slope of the max output power line though a UE’s maxUplinkDutyCycle to 100% of the scheduled UL duty cycle for the alternative 1 [1] is steeper than that for this method in [2]. Because the alternative 1 allows UE to be PC3 when the scheduled UL duty cycle is 100% while the method in [2] forces to keep the power of PPowerClass – ΔPPowerClass until the scheduled UL duty cycle reaches 100% which means the slope is flat and whose height is PPowerClass – ΔPPowerClass.
3 Conclusion

This contribution provided two alternatives and addressed the questions raised for [1] in RAN4#92.
Since we clarified the questions, we still propose the following as can be seen in [1].
Alternative 1: Consider the maximum output power and uplink duty cycle to have linear relationship. 

Alternative 2: Consider the maximum output power and uplink duty cycle behaves like a step function. 

Proposal: Either of the alternative 1 or 2 should be specified together with a UE capability of enhancedHighPowerUE.
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