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1 Introduction
For power class 2 capable UE, ΔPPowerClass is defined for UE to fallback power class 3. The intention is to ensure the SAR requirement. In LTE, ΔPPowerClass equals 3dB only when TDD pattern is 0/6 or Pemax is configured ≤23dBm. In NR, the similar mechanism is used, while the maxUplinkDutyCycle UE capability is introduced since NR have more flexible TDD pattern and antenna technology may improve. 
In [1], it is proposed to make ΔPPowerClass as a range of [0,3]dB, it means UE do not always need to reduce 3dB power when percentage of uplink symbols transmitted in a certain evaluation period is larger than UE maxUplinkDutyCycle capability. The concept was accepted by RAN4 in the last meeting, however the specific solution is agreed to further discuss for Rel-15.

This paper provides proposal on the enhanced power class fallback solution for HPUE.
2 Discussion
2.1 Power class fallback specified in TS 38.101
Power class fallback procedure is reflected in maximum output power and configured transmit power defined in TS 38.101.
For a power class 2 capable UE, the maximum output power will follow PC3 under conditions as below:
· Pemax is configured equal to or lower than 23dBm

· Percentage of uplink symbols transmitted in a certain evaluation period is larger than UE maxUplinkDutyCycle capability
For Pcmax definition, ΔPPowerClass is forced to be 3dB when above conditions are satisfied. Pcmax is defined with lower limit and higher limit with:
	PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with


PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }


From Pcmax equation, we can observed that Pcmax for PC2 UE is allowed be even lower than 20dBm, while the intention only comes from SAR requirement. It obviously generate much deployment limit for PC2 UE if it is required for better uplink coverage. Assume UE is working with 256QAM modulation order, PCMAX,L is allowed to be 16.5dBm(considering 6.5dB MPR) , while UE reports capability on 26dBm power class means UE can meet emission requirement with 19.5dBm power(considering 6.5dB MPR). 
The other issue is the condition for Pemax ≤23dBm, the intention for power class fallback on this condition is to limit the maximum output power. However, Pemax is already a calculation item for PCMAX equation. It seems redundant to force ΔPPowerClass equals 3dB under this condition. 
Observation 1: the current power class fallback mechanism targeting for SAR requirement will cause the unnecessary power back off on HPUE.
To solve the above problem on HPUE, we propose to define ΔPPowerClass as a range of [0, 3]dB, and UE is allowed to set ΔPPowerClass according to its own implementation. During online discussion, companies have comments that the network need to know UE power class in advance.
In our understanding, the network can configured UE specific Pmax according to the power class capability reported. For single carrier, there is only Pmax IE which can be configured by network to limit the output power. The Pmax IE is cell specific which is broadcasting in SIB1. Thus, it is actually useless for network to get UE power class capability for single carrier.

For CA and DC, UE specific Pmax can be configured by P-UE-FR1, PNR and PLTE. After the network gets the UE power class capability, it can configure the upper power limitation for each UE in the cell. Therefore, the network only needs to get the power class information when UE is adding the scell and have service on CA/DC.
Observation 2: the network need to get the UE power class information to configure UE specific Pmax value to each UE in the cell.
2.2 Relation between ΔPPowerClass and maxUplinkDutyCyle
maxUplinkDutyCycle capability indicates the duty cycle UE can meet with SAR requirement, the reported value can be within 60% to 100%, and 50% as default value. As mentioned before, the UE is always allowed to fall back with 3dB when the uplink transmission duty cycle is larger than the UE capability. For example, for 50% maxUplinkDutyCycle, 3dB power back off are both allowed for uplink transmission duty cycle of 100% and 60%. When we assume the average power for the evaluation period for 100% uplink transmission duty cycle would be 23dBm with 3dB back off, the average power for 60% uplink transmission duty cycle would definitely less than 23dBm with 3dB back off. Therefore, the HPUE is forced with unnecessary power back off.
Furthermore, for a UE reports its maxUplinkDutyCycle as 100%, it means the UE can meet SAR requirement with 26dBm power with 100% uplink transmission duty cycle within the evaluation period. Similarly for 60% UE capability, we can calculate that the UE can meet SAR requirement with 23.7dBm for 100% uplink transmission duty cycle within the evaluation period, thus the UE only need to fall back 2.3dB to meet SAR requrirement.

According to the analysis above, it is easily to conclude that the maximum power back off the UE needs is actually have relation with maxUplinkDutyCyle, and the scheduled uplink transmission duty cycle. It is obviously inappropriate to force all the UEs to fallback with unnecessary 3dB power.
Observation 3: The maximum power back off that the UE needs is actually have relation with maxUplinkDutyCyle UE capability and the scheduled uplink transmission duty cycle.  
2.3 Solution to solve the unnecessary power back off
Considering the network may need to know UE power class in advance for further RRC configuration, we provide two options to solve the unnecessary power back off, and these solutions can make the network know the UE power class in advance.

Option 1: define the power back off indication ΔPPowerClass as UE capability within a range of [0, 3]dB for PC2 UE. The granularity can be further discuss in RAN4. For UE reports its capability with ΔPPowerClass<3dB, the UE kept on power class 2, while for UE reports ΔPPowerClass=3dB, the UE fall back to power class 3.

Option 2:

RAN4 could define a relation between the power back off for SAR and some related parameter as analysis in 2.3. For example, we can define the ΔPPowerClass and maxUplinkDutyCycle as following:

· maxUplinkDutyCycle=50% ΔPPowerClass=3dB

· maxUplinkDutyCycle=60% ΔPPowerClass=2.3dB

…

· maxUplinkDutyCycle=100% ΔPPowerClass=0dB

The principle can be summarised as ΔPPowerClass=26dBm-dBm(398mw*maxuplinkdutycyle)=26dBm-10Log(398mw*maxuplinkdutycycle).
Option 2 can be implemented without defining UE capability, and the improvement is implicitly indicated by maxUplinkDutyCycle UE capability.   

Since NR operates on relative higher frequency compared with LTE, HPUE is very important characteristic to improve the UL performance. For a UE which already have the capability to transmit on 26dBm, we think at least the UE shall be allowed to transmit higher power under the assumption that the UE can meet the SAR requirement. But we are aware that SAR is not easy to optimise in volume production, so option 1 provide the solution to indicate the UE capability. For UEs are not good at SAR requirement, it is allowed to report 3dB fallback.
Proposal 1: RAN4 define the ΔPPowerClass as UE capability within the range of [0,3]dB, and the granularity could be 1dB.  

Proposal 2: or RAN4 define a relation between ΔPPowerClass ​and maxUplinkdutycycle as ΔPPowerClass=26dBm-dBm(398mw*maxuplinkdutycyle)=26dBm-10Log(398mw*maxuplinkdutycycle).
3 Conclusion

In this contribution we discussed on the open issues on bandwidth of initial BWP, according to the analysis, we have the following proposals:
Observation 1: the current power class fallback mechanism targeting for SAR requirement will cause the unnecessary power back off on HPUE.

Observation 2: the network need to get the UE power class information to configure UE specific Pmax value to each UE in the cell.
Observation 3: The maximum power back off that the UE needs is actually have relation with maxUplinkDutyCyle UE capability and the scheduled uplink transmission duty cycle.  
Proposal 1: RAN4 define the ΔPPowerClass as UE capability within the range of [0,3]dB, and the granularity could be 1dB.  

Proposal 2: or RAN4 define a relation between ΔPPowerClass ​and maxUplinkdutycycle as ΔPPowerClass=26dBm-dBm(398mw*maxuplinkdutycyle)=26dBm-10Log(398mw*maxuplinkdutycycle).
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