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1 Introduction
Power class fall back optimization was discussed under TEI 16 in previous meeting. During the discussion Linear method was proposed in several contributions which assumed linear (logarithm) relation between “scheduled ULDutyCycle” and “UE configured output power” in the perspective of SAR compliance. However, the views were  still divided and some of the history could be referenced to [4].

This document re-submit some of the previous analysis in [3] with some update, mainly for the proposal to start a new Rel-17 WI rather than SI.
2 Discussion

The background of linear method is that based on the reported maxUplinkDutyCycle which indicated UE capability of SAR compliance for PC2 HPUE (output power=26dBm), then calculate the output power in case the actual scheduled ULDutyCycle exceeds the maxUplinkDutyCycle capability with linear relation instead of falling back to PC3 (i.e. 3dB sharp) in current R15/R16 specs. The proposed equations were basically all same, i.e.  ΔPPowerClass =10*Log(the percentage of uplink symbols transmitted/maxUplinkDutyCycle) in following equations of UE configured transmitted power which impact both high and low boundaries.[2][6].
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with


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

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
Observation1: linear method requires UE maximum output power fulfils the strict linear relation with the scheduled uplink duty cycle.
However, “the scheduled uplink duty cycle” haven’t be precisely defined. At first there is not signalling to indicate it, UE can only detect it and make power adjustment accordingly after the actual transmissions already happen. The timeline between “the scheduled uplink duty cycle” and “UE configured output power” is unsynchronized. Secondly the evaluation period of “the scheduled uplink duty cycle” haven’t been defined either. The only information mentioned in the specs is “The exact evaluation period is no less than one radio frame”. 
In another word, “asynchronization timeline” and “ambiguous evaluation period” are not precise as themselves. This is contradictory with the requirements of “strict” linear relation mentioned above and can cause problem.
In below figure 1, it shows an example that gNB schedules UL duty cycle in consecutive four “evaluation period” as 50%, 75%, 100% and 25%. With R15 “non-optimized method”, UE will fall back to PC3 (23dBm) after detection of the evaluation period with 75% ULDuty and back to PC2 (26dBm) after 25% ULDuty evaluation period. The total exposure of this four evaluation periods is the same as 23dBm@100% ULduty. However, with “optimized linear method” UE will generate significant larger exposure in the same four evaluation periods, 216.5 vs 200 as shown in the figure. By following the “strict” linear relation, UE will fail exposure requirements if we assume 23dBm@100% precisely meets the threshold which seems to be the fundamental theory behind linear method.
Figure 1
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Observation2: strict requirements of linear method is contradictory with the “synchronization timeline” and “ambiguous evaluation period” defined in current specifications. UE may fail exposure requirements by strictly following the linear requirements.

People may argue that UE can use P-MPR to avoid exposure failure mentioned above. However, as discussed in [1], if UE has such capability to use P-MPR for exposure compliance, it can just report higher maxUplinkDutyCycle (up to 100%) to avoid any possible power class fall back. Then there is no need for the discussion of optimization.
In [1], we have mentioned there observations (cited below for convenience), but we do see significant interest from companies in this topic. And on the other hand, the introduction of PC1.5 may increase the possibility of power class fall back scenarios. Considering the issues and potential complexity discussed previously and in this document, we propose to establish an R17 study item to have a comprehensive discussion and find the best solution as suggested in [3].     


After later offline comments, some companies hold that a WI can be more appropriate to apply necessary changes when identify. And since there is already some initial study, a dedicated SI may not necessary. In addition, for some work such as harmonization of the spec for HPUE from different WIs, only a WI is possible to revise the spec. 

A latest motivation paper and draft WID could referenced to [7][8]
Proposal: Establish an R17 work item on UE power class fall back optimization. The motivation and draft WID could be reference to [7][8].
3
Conclusions

In this contribution, we further discuss the optimizations for power class fall back and propose our views on future work. 
Observation1: linear method requires UE maximum output power fulfils the strict linear relation with the scheduled uplink duty cycle.

Observation2: strict requirements of linear method is contradictory with the “synchronization timeline” and “ambiguous evaluation period” defined in current specifications. UE may fail exposure requirements by strictly following the linear requirements.

Proposal: Establish an R17 work item on UE power class fall back optimization. The motivation and draft WID could be reference to [7][8].
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Observation 1: UE power class fall back is a rare case in the real network scenarios.


Observation 2: Current specs provide many potential mechanisms to avoid power class fall back. 


Observation 3: Some proposed optimization mechanisms may significantly increase UE test effort.
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