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1 Introduction
The Rel-18 WID for Further NR coverage enhancements is approved [1], which includes the following objective:
The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


Coverage enhancement is one of the key factors for communication networks. At present in real deployments, uplink transmission and coverage have always been the bottleneck of the system performance. In this contribution, we mainly provide our views on the maintenance on the enhancements to realize the high power limit for the UL transmission in CA and DC.
2	Enhancements on realizing high power CA/DC
According to the current RAN4 spec, different band combination has different regulatory requirements of  which also limits the total output power UE can deliver for UL CA/DC. In practice, UE may not be able to deliver full output power at all times due to SAR compliance. According to the current spec, how UE determines the safe transmit power level and the instantaneous transmit power for each of the bands due to the SAR limit is transparent to gNB. Two mechanisms can be applied according to UE capability, i.e. the PC fallback and the P-MPR. Since both mechanisms are transparent to the network. gNB has no information on when and/or how the UE transmit power would be changed. To achieve a better scheduling at the gNB side, it is necessary for the gNB to get a better understanding of the UE behaviour with the related assistance information from the UE. Currently, it would be more appropriate and more feasible to enhance the reporting with such information via the PHR reporting.
In RAN1#113 meeting, RAN1 receives the LS from RAN4 [3] and the following can be noted from the RAN4 LS.
	
With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:

· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.




In RAN1#114 meeting, RAN1 sent a LS to RAN4/2 for further clarifications [4].
	RAN1 discussed about the recommendations and guidance included in R4-2310500 and agreed on the following observations.
Concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded:
a) RAN1 understands it as related to a PHR reporting enhancement by means of which Power class fallback ΔPPowerClass is reported by UE with aperiodic PHR as discussed in R4-2303560, i.e., the WF brought to RAN1’s attention by RAN4 with R4-2303701, Reply LS on enhancements to realize increasing UE power high limit for CA and DC.
b) The duty cycle exceedance is referred to by RAN4 as “occasion of the report”. RAN1 understands that this expression refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report, which would be still subject to UL resource availability as per RAN1 specification.
c) RAN1 does not see a RAN1 impact for this enhancement.
   
Furthermore, RAN1 agreed on respectfully ask to RAN4 the following questions:
· Q1:  It is RAN1 understanding that ΔPPowerClass can be triggered by the cases when the percentage of uplink symbols transmitted in a certain evaluation period is larger than a certain duty cycle as specified in Clause 6.2.4 of TS 38 101-1. Could RAN4 clarify whether all these cases can trigger ΔPPowerClass reporting in PHR MAC CE?
· Q2: In case of duty cycle exceedance, and resulting ΔPPowerClass reporting as per recommendation in R4-2310500, is a further ΔPPowerClass reporting also allowed when UE returns to advertised PC power capabilities? 
· Q3: Could RAN4 confirm the correctness of RAN1’s understanding as per observation b) concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when duty cycle is exceeded?
· Q4:  Could RAN4 clarify the meaning of the recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting corresponding to the current power class?




In RAN1#114 meeting, RAN4 also sent a LS to RAN1 [5].
	Although R4-2310500 explicitly stated that the occasion of reporting ΔPPowerClass should be limited to when configured duty cycle is exceeded, it was not only what RAN4 intended to state. RAN4’s intention is reporting ΔPPowerClass should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. Hence, the exchange of ΔPPowerClass is allowed for when maximum transmission power falls as well as it rises. In summary, the main bullet and the 1st sub-bullet in the LS are corrected as follows:
· enable UE report on ΔPPowerClass to indicate which power class requirements that the UE is referring to where only ΔPPowerClass (power reduced) resulting from duty cycle exceedance or ΔPPowerClass (power return) resulting from duty cycle reduction  
· The occasion of the report should be limited to either when the scheduled duty cycle exceeds the UE maximum duty cycle capability or reduces to equal to or below the UE maximum duty cycle capability after exceedance.
It is also noted that RAN4 agreed that full-power MIMO transmission capability reporting corresponding to the applicable power class requirements is the only feature that can be combined with ΔPPowerClass at this writing. 




In RAN1#114bis meeting, the following conclusions were made [7].
	Conclusion
No RAN1 specification impact to realize the inclusion of ΔPPowerClass in a report to network.
RAN1 further discuss potential RAN1 impact concerning support for uplink full power MIMO transmission dependency on ΔPPowerClass report.

Conclusion
For potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting, continue to discuss the following:
· Potential modifications to the scale factor ‘s’ in 38.213 subclause 7.1 to depend on ΔPPowerClass.
· Modifications related to TPMI e.g., modifications to avoid erroneous TPMI configuration and modifications to the TPMI table description
· Potential impact of ΔPPowerClass  on maximal number of layers in MIMO



Currently, only power class fallback mechanism is considered to be enhanced in Rel-18.
For high power UEs, the gNB unawareness of the UE power change due to SAR compliance would degrade the efficiency of the link adaptation scheduling. In our view, the enhancement on this issue would be beneficial for both non-CA and CA/DC cases. 
For UEs supporting the PC fallback mechanism, the reporting of the power class fallback ΔPPowerClass indication were suggested. In our view, this information may not be very useful since the current PHR reporting already provide the report of Pcmax which reflect the power class change implicitly. The signalling design is up to RAN2.
The reporting of this PC information let the gNB know of any change on the power class UE applied only when configured duty cycle is exceeded, this information is anyhow useful to let the gNB aware of UE behaviour under current status and to have a better understanding and scheduling when a PC fallback occurs already. 
It is RAN4 reply to further clarify that the PHR reporting should be triggered for both cases when power class fallback or power class recover happens. A unified signalling design of power class change is preferred, e.g. the absolute value of the power change ΔPPowerClass compared with the advertised power class can be further considered. 
Proposal 1: For the reporting of power class change ΔPPowerClass, new trigger condition should be introduced for the PHR reporting, e.g. the occurrence of the power class change, considering both the fallback and recover.
Another open issue is the reporting of UL full power MIMO capability which may vary due to UE power class change. Since for the same PA structure, the corresponding full power mode may be different according to different fallback power class. In our view, this capability can be the information reported via the UE capability reporting or reported together with the power class change ΔPPowerClass via the PHR reporting. We prefer the former of reporting all the full power mode information corresponding to each fallback power class all together via the UE capability reporting which is the extension of the current full power capability reporting to all the possible power classes, then UE only need to report the power class change ΔPPowerClass to the gNB. 
Proposal 2: Full power MIMO capability can be reported via the UE capability reporting or reported together with the power class change ΔPPowerClass via the PHR reporting, we prefer the former solution.
Considering the reporting of current power class or power class fallback ΔPPowerClass, our understanding is that the UE power class which is used to calculate the higher and lower bound of the configured maximum output power is not changed, the ΔPPowerClass would indicate the change of the UE power class fallback, and the MPR table should be applied according to the current power class which is corresponding to the fallback power class. 
According to the potential RAN1 impacts identified last meeting, it was suggested to discuss further on the following,
· Potential modifications to the scale factor ‘s’ in 38.213 subclause 7.1 to depend on ΔPPowerClass.
· Modifications related to TPMI e.g., modifications to avoid erroneous TPMI configuration and modifications to the TPMI table description
· Potential impact of ΔPPowerClass  on maximal number of layers in MIMO
The following views are provided from our understanding, 
1) Modifications of the scale factor ‘s’ is applied according to the full power mode UE currently supported. If the full power mode according to the current power class change ΔPPowerClass is acknowledged by the gNB, scale factor should be applied accordingly to the TPMI indicated. 
2) Power class change ΔPPowerClass would also lead to TPMI table change which may cause misalignment of the TPMI between UE and gNB if the current full power mode supported was not known by the gNB. And if some Tx chain is shut down, the coherency between the used antennas may also change. This coherency change would also lead to erroneous TPMI configuration.
3) If UE shut off one or more Tx chains to support the full power transmission after the power class change, the maximal number of layers of MIMO capability would be affected. From UE side, UE may shut down Tx chains or antenna due to different reasons, this implementation is very practical and should be considered. We suggest some options for discussion :
· Alt.1: indicate whether there is any of the antennas is shut down or not; 
· [bookmark: _GoBack]Alt.2: indicate the bitmap of the status of each antenna that can be used to implement full power transmission; 
· Alt.3: only indicate the max. RANK supported corresponding to ΔPPowerClass ; 
    Either approach can work, Alt.1 and Alt.3 provide limited information about RANK and antenna “on/off” status. So we prefer Alt.2, and if no Tx chain is switched off, this information doesn’t need to be reported.
Proposal 3: Consider the following options to support different UE implementations for the full power transmission when power class change happens, and Alt.2 is preferred. 
· Alt.1: indicate whether there is any of the antennas is shut down or not; 
· Alt.2: indicate the bitmap of the status of each antenna that can be used to implement full power transmission; 
· Alt.3: only indicate the max. RANK supported corresponding to ΔPPowerClass ; 

4	Conclusion
In this contribution, we provide our views of the enhancements on the power domain enhancements for CA/DC, our proposals are as follows:
Proposal 1: For the reporting of power class change ΔPPowerClass, new trigger condition should be introduced for the PHR reporting, e.g. the occurrence of the power class change, considering both the fallback and recover.
Proposal 2: Full power MIMO capability can be reported via the UE capability reporting or reported together with the power class change ΔPPowerClass via the PHR reporting, we prefer the former solution.
Proposal 3: Consider the following options to support different UE implementations for the full power transmission when power class change happens, and Alt.2 is preferred. 
· Alt.1: indicate whether there is any of the antennas is shut down or not; 
· Alt.2: indicate the bitmap of the status of each antenna that can be used to implement full power transmission; 
· Alt.3: only indicate the max. RANK supported corresponding to ΔPPowerClass ; 

5	References
[bookmark: _Ref31185007][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-221858, New WID: Revised WID on Further NR coverage enhancements, China Telecom, RAN#96, June 2022
RAN 1#113 Meeting chairman notes, May 2023
R4-2310500, Reply LS on enhancements to realize increasing UE power high limit for CA and DC, Ericsson, RAN1#113, May 2023
R1-2308561, LS on further clarifications on enhancements to realize increasing UE power high limit for CA and DC, RAN1#114, August 2023
R4-2314728, LS on enhancements to realize increasing UE power high limit for CA and DC(R1-2210739), RAN1#114, August 2023
RAN 1#114 Meeting chairman notes, August 2023
RAN 1#114bis Meeting chairman notes, October 2023

	5/5	
