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Introduction
In this document we present our views on power-domain enhancements targeted at improving 5G-NR coverage. The R18 WID provides the following guidelines on these enhancements:
	· 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)



Section 2 presents our views on techniques for reducing MPR/PAPR to enable higher power transmissions and Section 3 presents our views on enhancements targeted at realizing higher power transmissions in CA and DC. 
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In the last RAN-Plenary meeting, the following agreement was made [1]:
	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



Considering the above agreement, no further RAN1 work is expected for reducing MPR/PAPR of waveforms for coverage enhancement. RAN4 is expected to further study transparent techniques that can help reduce MPR/PAPR. Further details on transparent techniques for reducing MPR/PAPR are available in R4-2311286.
Enhancements to Realize High Power Transmission in CA and DC
On Power-class Fallback at the UE

Background 
As per the current 5G NR specification, a PC2 UE is allowed to indicate (via capability) the maximum duty cycle up to which it can sustain PC2 power levels for uplink transmissions. For FR1 bands, the maximum duty cycle is indicated via the maxUplinkDutyCycle-PC2-FR1 parameter in the capability report. If this parameter is not reported by a PC2-capable UE, it is assumed to be 50%. When uplink scheduling configured or received by the UE is such that this requirement is violated, then the UE is allowed to fallback to operating as a PC3 UE. 
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It is noted that exactly when this fallback occurs is not very clear to the gNB as the UE needs to consider the percentage of uplink symbols transmitted in a certain evaluation period and determine whether it can continue to operate as a PC2 UE, but the exact evaluation period is not known to the gNB. For example, a UE averaging over 1 frame may behave differently compared to a UE averaging over 2 frames, etc. 
While the above behaviour is presented in a non-CA context, it also carries over to HPUE operation in CA mode, i.e., when UE indicates HigherPowerLimitCADC, the per-band-combination power class no longer applies and the UE is governed by the individual power classes of each band, provided  is set to zero. However, determining the value of  is tied to whether the duty cycling requirements are met or not. Thus, it is argued that the value of  for a band at a given time may not be known to the gNB.  In such a case, the individual power classes of each band are determined by the UE based on the duty cycling requirements being met or not and whether higher power-limit capability is used or not may not be known to the gNB.
	Observation 1: When a UE indicates support for “HigherPowerLimitCADC” and gNB enables this feature, whether the legacy per-band-combination power class applies or not depends on whether the UE takes a power class fallback in any one of the underlying bands.



Considering the above ambiguity, RAN4 suggests that a UE report  be reported to indicate the power class requirements followed by the UE:
	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   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



In what follows we discuss further details on the reporting framework for .
Discussion
We suggest that a UE report changes to  via PHR. A single bit in PHR can be set aside to indicate this parameter. In addition, we can introduce a new trigger for PHR transmission whereby any time the value of  changes, the UE initiates a PHR transmission. This will then allow a gNB to closely track the power class of the UE. Note that there are no changes to when a UE may change the value of   – UE is expected to follow the guidelines in the existing specification.
Proposal 1: A UE reports  via PHR. A new trigger is introduced to let a UE transmit a PHR anytime the value of  changes.
Next, we discuss the issue of UE capabilities that may be dependent on UE power class. In particular, a MIMO-capable UE may fall back from higher power class to a lower power class in various ways. For example, the UE may choose to dial back transmit power across all transmit chains, turn off some transmit chains, or impose a tighter sum-power constraint across all transmit chains. MIMO capability of a UE and aspects related to coherence could be impacted consequently. Further, capabilities related to uplink full power transmission, introduced in R16, could be impacted and may need to be revised.
Proposal 2: Allow a UE to revise at least the following capabilities when a power class fallback is in effect:
· Codebook based PUSCH MIMO transmission (R15)
· PUSCH codebook coherency subset (R15)  
· Non-codebook based PUSCH transmission (R15)
· ul-FullPwrMode-r16
· ul-FullPwrMode1-r16
· ul-FullPwrMode2-MaxSRS-ResInSet-r16
· ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16
· ul-FullPwrMode2-TPMIGroup-r16

The exact details/mechanism for capability update could be left to RAN2 discretion.
Conclusion 
The following observations and proposals are made on power domain enhancements.
Observation 1: When a UE indicates support for “HigherPowerLimitCADC” and gNB enables this feature, whether the legacy per-band-combination power class applies or not depends on whether the UE takes a power class fallback in any one of the underlying bands.
Proposal 1: A UE reports  via PHR. A new trigger is introduced to let a UE transmit a PHR anytime the value of  changes.
Proposal 2: Allow a UE to revise at least the following capabilities when a power class fallback is in effect:
· Codebook based PUSCH MIMO transmission (R15)
· PUSCH codebook coherency subset (R15)  
· Non-codebook based PUSCH transmission (R15)
· ul-FullPwrMode-r16
· ul-FullPwrMode1-r16
· ul-FullPwrMode2-MaxSRS-ResInSet-r16
· ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16
· ul-FullPwrMode2-TPMIGroup-r16
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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 s 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-PC1dots-MPE-FRI is not absent and half the percentage of
uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dotS-MPE-FRI as
defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or

- ifthe 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
transmitied power as specified in clause 6.2.4;





