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Introduction
In RAN#96 meeting, a revised Work Item [1] was agreed to study power domain enhancement for UL coverage enhancement.
This contribution provides our further considerations on power domain enhancements for UL coverage enhancement based on the agreements achieved during RAN1#112b-e meeting [2][3].

Discussion
Power domain enhancement is an important component for UL coverage studies. Especially, low MPR is an essential issue in UL DFT-s-OFDM with prioritization of the provision of wide area coverage.  
In RAN#100 meeting, the following proposal was agreed and FDSS-SE will not discussed in RAN1#114 meeting. Thus, we focus on the enhancements for increasing UE power high limit for CA and DC in this contribution.
	Proposal #1 (Offline consensus)
No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



According to enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC, the following conclusion was summarized for further study [4]. 
	Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.




The UE transmission power is set between PCMAX_L and PCMAX_H as defined in 38.101 [5], the power class for CA will have impact to both PCMAX_L and PCMAX_H.   In R17, if the UE indicates HigherPowerLimitCADC capability for an eligible CA configuration and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c,  i.e., with sum of the maximum UE power values for the aggregated bands both in PCMAX_L and PCMAX_H[5]. 
However, when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3 of 38.101, ΔPPowerClass,CA = 3 dB for a power class 2 capable UE, which may  lower the maximum output power for inter-band CA and higher power transmissions in CA cannot be realized. Based on sub-clause 6.2.A.1.3 of 38.101[5], whether to apply the requirements for the default power class or the higher power class seems depend on “the average percentage of uplink symbols transmitted in a certain evaluation period”.  For example, if the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2, UE can perform its transmission with the default power class than that of the higher power class. The maxUplinkDutyCycle-interBandCA-PC2 indicates the maximum average percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission to ensure SAR requirements.
The starting position and duration of the evaluation period is up to UE implementation. Thus, gNB cannot know the exact power class requirement information and cannot perform suitable feature configuration and proper resource scheduling. If higher maximum output power can be obtained, it would be better to perform CA/DC transmission to improve the throughput. Otherwise, scheduling uplink transmission only in single carrier may be better. Thus, gNB should awareness of UE’s Tx power to facilitate higher power transmissions in CA and DC.  
[bookmark: _GoBack]Now both RAN1 and RAN4 discuss the same issue. The following agreement was summarized in RAN4#107 meeting [6-7].
	Whether to introduce P-MPR report in FR1
Agreement: 
· Agree on Option 2.
•	Option 2: Not to introduce such report since this is closely related to SAR implementation, which is sensitive to UE design.

Agreement: 
· Introduce such report the ΔPPowerClass report based on the duty cycle scheme
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· The full power transmission capability corresponding to the current reference power class should also be reported to guarantee more reasonable UL scheduling.  



Reactive enhancements
The following reactive solutions were discussed in RAN1#112b-e meeting. Reactive enhancement is in response to events.
· reporting of power class
· reporting of ΔPPowerClass
· reporting of P-MPR for FR1

gNB should know current being used power class (e.g., higher power class or default power class) for CA/DC case. Provide timely and sufficient information of UE’s power class can improve gNB performance to decide the uplink resource allocation and feature configuration. The purpose of power class report is to indicate the applicable requirement, e.g., applicable MPR table. If power class PC2 is reported in initial access and UL duty cycle exceeds its limit, the UE shall meet PC3 requirements. Thus, the UE needs to refer to MPR table for PC3.
During RAN4 discussion, UE power class will not be changed in connected mode and same as the power class reported in initial access. The only change is the max output power that it can achieve. "Power class fallback" means power class itself is not changed but PC3 requirements are applied. Thus, PC related requirement UE is referring to would be changed due to UL duty cycle based on the current spec.
Observation 1. Based on RAN4’s discussion, UE power class will not be changed in connected mode.
Observation 2. Power class related requirement that the UE is referring to would be changed due to UL duty cycle based on the current spec.
Since there may be multiple factor that impact ΔPPowerClass, including maxUplinkdutycycle caused power reduction, Pemax configuration, and SRS antenna switching. For Pemax configuration and SRS antenna switching, the report doesn’t bring any new information to a network. ΔPPowerClass may not indicate applicable power class requirements. Thus, it should be clarified that ΔPPowerClass  is based on duty cycle scheme. The occasion of the ΔPPowerClass report should be limited to when configured duty cycle is exceeded. So gNB can know applicable power class requirements with ΔPPowerClass.
Proposal 1. Support ΔPPowerClass reporting to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed.
P-MPR is the power management maximum power reduction for ensuring compliance with applicable electromagnetic energy absorption requirements of FR2 UE from the perspective of human body safety, which mainly specifies the maximum emission power density of UE in a certain direction. FR2 UE may reduce its power more frequently than FR1 UE and power fallback value is large, which will lead to radio link failures. Thus, for FR2, P-MPR reporting is introduced to avoid radio link failures and connection releases due to significant and unpredictable P-MPR.  However, FR1 is different with FR2. The power backoff in FR1 is not large, so further optimization is not necessary. There is no need to introduce P-MPR reporting for FR1. 
In RAN4, some companies also have concerns with P-MPR reporting.  P-MPR report is closely related to SAR implementation, which is sensitive to UE design. Thus, based on RAN4’s conclusion, P-MPR report is not introduced.
Observation 3. The P-MPR in FR1 is not large and no RLF issue is identified. 
Proposal 2. No introduce P-MPR for FR1. 
Proactive enhancements
RAN 1 discussed following proactive enhancements. Proactive enhancement type is not in response to an event. Proactive enhancements focuses on conveying forecasts on power availability. Some companies think power class/power class change only provides some intermediate power information and cannot resolve the ambiguity of evaluation period for PC fallback.  
· Reporting of start and length of evaluation period for PC fallback 
· Reporting of estimated duration for applying fallback PC or the reported Pc,max 
· Reporting of sustainable duty cycle to prevent a fallback 
· Reporting of energy/power availability for a given duration 

Regarding proactive enhancements, many companies are concerned about it.  For start and length of evaluation period for PC fallback, it is difficult to define a proper length of evaluation period due to different implementations from different UEs. And it is difficult for gNB to manage all UE –specific time window. Such report may impact UE power consumption and increase implementation complexity. Some companies also concerned that staring time and evaluation period will have impact on RAN4. 
Considering the power class reporting only provide some intermediate power information, gNB cannot know whether and how long the UE can maintain the power class based on an instant reporting. Thus, reporting of estimated duration for applying fallback PC or sustainable duty cycle to prevent a fallback may be useful.  However, such report is also difficult in real field and increase implementation complexity. Thus, additional effort is needed to clarify the necessity and benefit of the time duration based schemes. 
Observation 4. Time duration information report will increase the complexity of gNB and UE.
RAN4 also discussed the similar proactive solutions of reporting the prediction on ability to execute future UL grants and RAN4 thinks RAN1 is more suitable WG to discuss it. Based on LS from RAN 4, RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18, but this does not mean RAN1 discussion is precluded.
Proposal 3. Proactive solution is not considered in RAN1. 
Based on WF of RAN 4, stopping the discussion for EHR was agreed [8]. RAN4 does not consider EHR feasible. Thus, reporting energy/power availability for a given duration can be excluded and should never be discussed again. In addition, the complexity of implementation impact will be significant.
Observation 5. Reporting energy/power availability for a given duration is excluded by RAN4.

Proposal 4.  Energy/power availability report is not considered.

Conclusion
In this contribution, we have the following observations and proposals.
Observation 1. Based on RAN4’s discussion, UE power class will not be changed in connected mode.
Observation 2. Power class related requirement that the UE is referring to would be changed due to UL duty cycle based on the current spec.
Observation 3. The P-MPR in FR1 is not large and no RLF issue is identified. 
Observation 4. Time duration information report will increase the complexity of gNB and UE.
Observation 5. Reporting energy/power availability for a given duration is excluded by RAN4.
Proposal 1. Support ΔPPowerClass reporting to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed.
Proposal 2. No introduce P-MPR for FR1. 
Proposal 3. Proactive solution is not considered in RAN1. 
Proposal 4.  Energy/power availability report is not considered.
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