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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 Rel-15, 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 RAN4 #92bis meeting, it is agreed to further discuss power fallback enhancement in Rel-16.
This paper provides proposal on the enhanced power class fallback solution for HPUE.
2 Discussion
2.1 Current agreement in RAN4

Power class fallback enhancement is confirmed by RAN4 to be solved in Rel-16 by 2 agreements.

In RAN4 #92, the agreement is captured in chairman note: “Companies are encouraged to study how system utilize the enhanced UE ability to be able to use their output power according to scheduled ul duty cycle in Rel16.”
In RAN4 #92bis, the agreement is captured in chairman note: “Power class fall back will be continually discussed under TEI16 with the assumption that final solutions shall have limited other WG impact except RAN2 capability signaling.”
Observation 1: RAN4 already confirms the existing problem on the current HPUE power class fallback solution and expects to enhance it. It already agrees to continually discuss in TEI16.
2.2 Technical Background

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. 

Meanwhile, HPUE ENDC combinations reuse the power class fallback solution for single carrier. It makes unnecessary power back off on HPUE for both SA and NSA, and will further impact more HPUE combinations in the future release.

Observation 2: the current power class fallback mechanism targeting for SAR requirement will cause the unnecessary power back off on HPUE for both SA and NSA, and will further impact more HPUE combinations in the future release..

2.3 Potential solutions
2.3.1 Linear relation between UplinkDutyCycle and ΔPPowerClass
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. 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. According to the analysis, 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.
In [1], the linear relation between the real scheduling uplinkdutycycle was raised. The principle is that UE need to fallback the Δpower considering how much the difference beween maxUplinkDutyCyle and real transmission UplinkDutyCycle. This solution can reflects the real power fallback requirement, and it matches with the current spec that the UE always need to calculate on the real scheduling UL duty cycle. We summary this solution into a simple equation as below:

If maxUplinkdutyCycle/real transmission uplink duty cycle<1, ΔPPowerClass=10Log(maxUplinkdutyCycle/real transmission uplink duty cycle)

Observation 2: Solution on [1] can be summarized as the equation:
If maxUplinkdutyCycle/real transmission uplink duty cycle<1, ΔPPowerClass=10Log(real transmission uplink duty cycle /maxUplinkdutyCycle)
2.3.2 MPR solution proposed in Rel-15

This solution define a larger MPR for HPUE, which put 3dB ΔPPowerClass into the MPR. It makes UE have the opportunity not to fall back. We think it is a good solution for Rel-15 looking at the initial stage. But after the maxUplinkDutyCycle is introduced, the solution would have contradiction with the MPR. If the maxUplinkDutyCycle is 100%, why UE still can use the MPR to make power backoff? For Rel-16 enhancement, we prefer to reflects the UE real ability on SAR but not still allow UE to have backoff even without any UE capability.

Observation 3: MPR solution do not fit for Rel-16 enhancement since it still allows UE to fall back unnecessary power.
2.3.3 ΔPPowerClass signaling
ΔPPowerClass signalling solution is actually similar with MPR solution, the only difference is that UE can clearly indicate the network on its SAR ability. We can 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. 
We also provide solution on UE power class definition. 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.
Observation 4: Comparing with the 3 solutions, solution 1 is the best choice for Rel-16 enhancement since it reflects the real relation between power backoff and Uplink transmission duty cycle. While ΔPPowerClass signalling solution and MPR solution is more suitable for Rel-15.
In [3], some analysis on scheduling timing and duty cycle calculation are raised, it is questioned on the said ambiguous evaluation period definition on the Uplinkdutycycle calculation by UE. Actually, the SAR requirement is based on “6 minutes” or several ms level and the evaluation period is required with: The exact evaluation period is no less than one radio frame, the big difference between SAR timing dependence and evaluation period requirement make it clear: there is no possibility UE fail SAR when applied linear solution. Additionally, if power class fallback is introduced in Rel-16, the enhancement can be indicated by UE capability, UEs using static SAR solution(UE may not calculate the uplinkduty cycle in very fine granularity) can still directly fall back with 3dB. However, we can always raise better solution for a existed problem, such analysis do not change the truth that: RAN4 already confirms the existing problem on the current HPUE power class fallback solution and expects to enhance it. Even it needs to be further discussion in Rel-17, we think new WI will be more appropriate. So we provide 2 options for power class fallback enhancement:
Proposal 1: 
· Option 1

For single carrier , , , RAN4 agrees to enhance power class fallback with Linear solution for single carrier. The Linear solution define the relation between UplinkDutyCycle and ΔPPowerClass, it can be described in the equation :
If maxUplinkdutyCycle/real transmission uplink duty cycle<1, ΔPPowerClass=10Log(10Log(real transmission uplink duty cycle/maxUplinkdutyCycle)
For HPUE with band combinations(e.g EN-DC), RAN4 initiate a new WI to enhance the power class fallback solution in Rel-17.
· Option 2

RAN4 agrees to initiate a new WI to enhance the power class fallback solution for both single carrier and band combinations under SA and NSA in Rel-17.
3 Conclusion

In this contribution we discussed on the open issues on power fallback enhancement, according to the analysis, we have the following proposals:
Observation 1: RAN4 already confirms the existing problem on the current HPUE power class fallback solution and expects to enhance it. It already agrees to continually discuss in TEI16.
Observation 2: the current power class fallback mechanism targeting for SAR requirement will cause the unnecessary power back off on HPUE for both SA and NSA, and will further impact more HPUE combinations in the future release..

Observation 3: Solution on [1] can be summarized as the equation:

If maxUplinkdutyCycle/real transmission uplink duty cycle<1, ΔPPowerClass=10Log(real transmission uplink duty cycle /maxUplinkdutyCycle)
Observation 4: MPR solution do not fit for Rel-16 enhancement since it still allows UE to fall back unnecessary power.
Observation 5: Comparing with the 3 solutions, solution 1 is the best choice for Rel-16 enhancement since it reflects the real relation between power backoff and Uplink transmission duty cycle. While ΔPPowerClass signalling solution and MPR solution is more suitable for Rel-15.
Proposal 1: 

· Option 1

For single carrier , , , RAN4 agrees to enhance power class fallback with Linear solution for single carrier. The Linear solution define the relation between UplinkDutyCycle and ΔPPowerClass, it can be described in the equation :
If maxUplinkdutyCycle/real transmission uplink duty cycle<1, ΔPPowerClass=10Log(10Log(real transmission uplink duty cycle/maxUplinkdutyCycle)
For HPUE with band combinations(e.g EN-DC), RAN4 initiate a new WI to enhance the power class fallback solution in Rel-17.
· Option 2

RAN4 agrees to initiate a new WI to enhance the power class fallback solution for both single carrier and band combinations under SA and NSA in Rel-17.
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