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Introduction
In addition to the extension of Rel-17 increasing power high limit towards PC3+PC5 inter-band CA/DC scenario, whether and how to consider SAR issue mitigation enhancement has been discussed in the last RAN4 meeting. The FFS points from WF [1] are excerpted as below: 
	Issue 3: Whether to continue the discussion for SAR mitigation issue in RAN4
<Recommended WF>
· FFS whether to consider enhancement for SAR mitigation issue in RAN4.
· The behaviour of gNB scheduler should be considered when the issue is discussed.
Issue 4: Whether PHR reporting should be considered for a carrier that is configured for DL but not for UL (no active UL BWP)
<Recommended WF>
· Further clarification would be required to justify the necessity to introduce PHR reporting for the carrier that is configured for DL but no UL (no active UL BWP) for coverage enhancement purpose.
· The difference between SRS carrier switching and the proposed scheme should be clarified.
[bookmark: _Hlk119546542]Issue 5: Whether and how PHR reporting enhancement should be considered for FR1 carriers
<Recommended WF>
· RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
1. Power class fallback ΔPPowerClass with aperiodic PHR. 
· Report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2.
· Report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
· For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
2. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
· For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell.
· For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.
3. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.
4. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.
5. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.
Issue 6: Other proposal
<Recommended WF>
· Encourage companies to check the discussion progress in RAN1 then decide whether to further discuss the energy headroom report in RAN4 with more clarification.


In this contribution, we would like to share our views regarding the remaining issues.
Discussion
Whether and how to consider PHR reporting enhancement
According to the contributions [2, 3] from last meeting, one identified issue is that the gNB may have limited information on power class fall-back of a HPUE under the current specification design for maxDutyCycle. The following part of TS 38.101-1 can be referenced as a start to better grasp the root cause of this issue.        
	If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and half the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else if the UE does not support a power class with higher maximum output power than PC2; or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 25% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-PC2-FR1 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the power class 2 or lower;
-	shall apply all requirements for power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.


Based on the above description, when a HPUE finds out that the ratio of UL symbols over the total symbols within a certain evaluation period exceeds the indicated maxUplinkDutyCycle, power class fall-back would happen, i.e., such HPUE would set non-zero ΔPPowerClass to reduce the high limit for configured transmission power calculation. This behaviour is captured in another part of TS 38.101-1. 
	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+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
	ΔPPowerClass =
-	3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or when the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and half the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame). 
-	3 dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is between 25% and 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is between maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC2-FR1/2 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or when the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame).
-	3dB when the UE is configured with SUL configurations and the requirements of default power class are applied as specified in sub-clause 6.2C.1 on the band where UE indicates power class 2; 


Note that PCMAX,f,c for a specific transmission occasion, which can be conveyed to network through PHR report, is determined by UE based on a floating range bounded by PCMAX_L,f,c and PCMAX_H,f,c. But from PHR report, the network cannot deduce the exact power class of which the UE shall apply the corresponding requirements. 
Observation 1: When power class fall-back happens for a HPUE, the network cannot deduce the exact power class, of which such HPUE shall apply the corresponding requirements, by PHR report.
Consequently, misalignment could happen when power class fall-back happens for a HPUE since at least the following configurations can be different depending on the current power class.   
Full power transmission mode
Considering a UE with dual PC2 PAs to support PC1.5 MOP, it can report ul-FullPwrMode1-r16 (mode 1) to facilitate full power transmission for PUSCH. When power class fall-back happens, it would be better to report ul-FullPwrMode-r16 (mode 0) instead since each Tx chain is capable of 26 dBm MOP. Because it would provide the flexibility for selecting the most suitable Tx chain rather than force the UE, especially for the one with non-coherent Tx chains’ implementation, to maintain both Tx chains activated.
This issue can be better illustrated if we further consider a 4Tx non-coherent UE with PC1.5 MOP and 2*PC3+2*PC2 PA configuration. Such UE can only report ul-FullPwrMode1-r16 to support full power transmission. But when power class is falling back to PC2, ul-FullPwrMode2-r16 and g0g1g3 TPMI groups (utilizing single PC2 Tx chain, dual PC3 Tx chains or other combination to realize PC2 transmission for PUSCH) could be better choice based on similar reasons as we explained in the previous paragraph.   
Observation 2: The full power transmission capability of HPUE can be different from that under advertised power class when power class fall-back happens.
Low-MSD capability
In Rel-18, the low-MSD feature is under study and it is RAN4 consensus that there are benefits to allow UE report its low-MSD capability to help network make more reasonable scheduling decisions. It is worthy to note that from UE perspective the actual low-MSD capability can be different depending on the current MOP (with given DL/UL carrier frequencies and RB allocations) and may not be linearly decreasing when power class fall-back happens.
Observation 3: The low-MSD capability of HPUE can be different and may not be linearly decreasing when power class fall-back happens.  
As proposed in [4], reusing PHR report process to enable UE report non-zero ΔPPowerClass could be a way to align the understanding of power class fall-back timing between gNB and UE. We think it would be a complete solution to also include the full power transmission mode capability for the current fall-back power class into the enhanced PHR report. 
As for low-MSD capability, dynamic report will not be considered in this release according to the latest agreement in WF [5]. So let the network to be aware of power class fall-back and the pre-reported e.g., per power class low-MSD capability from UE can solve this issue to a certain extend.
Proposal 1: For FR1 PHR enhancement, allow the UE to report ΔPPowerClass, in order to align the understanding of power class fall-back timing between gNB and UE, and the full power transmission capability for the current fall-back power class to guarantee more reasonable UL scheduling. 
About other solutions
As agreed in the WF [1], RAN4 discussion will focus on PHR enhancement. From our understanding, the EHR (energy headroom report) shares some similarities with the Alt. 3 and Alt. 4, which are introducing time domain information alignment between gNB and UE towards max duty cycle scheme. We think PHR enhancement like we have proposed is more sufficient and would have less spec impacts.
Proposal 2: Do not consider EHR (energy head room report) or other solutions like time domain information alignment between gNB and UE towards max duty cycle scheme. 
Conclusion
In this contribution we discussed on the first objective of the Rel-18 further enhancement for NR UL coverage WI, we have the following observations and proposals: 
Observation 1: When power class fall-back happens for a HPUE, the network cannot deduce the exact power class, of which such HPUE shall apply the corresponding requirements, by PHR report.
Observation 2: The full power transmission capability of HPUE can be different from that under advertised power class when power class fall-back happens.
Observation 3: The low-MSD capability of HPUE can be different and may not be linearly decreasing when power class fall-back happens.  
Proposal 1: For FR1 PHR enhancement, allow the UE to report ΔPPowerClass, in order to align the understanding of power class fall-back timing between gNB and UE, and the full power transmission capability for the current fall-back power class to guarantee more reasonable UL scheduling. 
Proposal 2: Do not consider EHR (energy head room report) or other solutions like time domain information alignment between gNB and UE towards max duty cycle scheme. 
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