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Introduction
The updated UE feature list for Rel-18 NR coverage enhancements work item was agreed in RAN4 #110 [1]. The majority of open issues were resolved, however, there are still open issues on applicable scenarios for power boosting (PAR/MPR enhancements) features and, especially, with respect to CA scenarios applicability [2]:
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· RAN4 is still discussing the applicable scenarios.
· The common understanding in RAN4 is that power boosting is only supported for single CC UL at least in Rel-18.
· UL CA is not supported for this feature in Rel-18.


This contribution provides views on the applicable scenarios for Rel-18 power boosting features powerBoosting-pi2BPSK-QPSK-r18 and powerBoosting-pi2BPSK-QPSK-r18 and specifically on UL CA applicability.
Discussion
During the WI stage the focus of technical analysis was primarily on enhancing power for UL single carrier scenarios. However, the comprehensive discussion on CA aspects was somewhat lacking. We believe it is crucial to address this gap, particularly in clarifying and finalizing UE behavior concerning UL CA support/configuration.
It is essential to recognize that the continuation of work on power enhancements in future releases appears improbable (e.g. no relevant objectives in Rel-19 work package). Therefore, it is helpful to seize the opportunity to define proper UE behavior concerning UL CA support at this point to maximize opportunities for the commercial feature adoption rather than leaving this undefined.
The key motivation behind supporting power boosting feature is to improve coverage performance, particularly for UEs operating at cell edges and utilizing lower-order modulations such as pi/2 BPSK and QPSK. However, it is crucial to note that being configured with coverage enhancements features not necessarily means that UE operates in single-carrier mode. In dynamic propagation conditions, networks may need to configure UEs to operate in CA mode consistently, while dynamically scheduling single-carrier or multi-carrier transmissions based on instantaneous propagation and traffic conditions. Limiting power boosting exclusively to single carrier case might impede network flexibility, potentially resulting in frequent UE CA (re)configurations or not enabling the feature in practical deployments.
Observation #1:	Limiting power boosting exclusively to single carrier case might impede network flexibility, potentially resulting in frequent UE CA (re)configurations or not enabling the feature in practical deployments.
Therefore, we see a value in enabling the power boosting feature in UL CA scenarios as long as it does not require substantial extra RAN4 work on the associated requirements definition.
Proposal #1:	Support power boosting enhancements/features for UL CA scenarios

Conditions to apply power boosting in UL CA scenarios
Acknowledging the complexities related to the support of simultaneous UL transmissions with enabled power boosting on multiple carriers (N > 1), it is evident that further extensive studies on associated RF requirements may be required to enable such scenario. 
One pragmatic approach to address this issue to limit UE power boosting for CA scenarios to instances where UL CA is configured, but certain scheduling restrictions are applied in terms of simultaneous UL transmissions on different carriers. For instance, scenarios where only single-carrier UL transmissions are scheduled within a slot (e.g., PUSCH/PUCCH is scheduled on one carrier, while other carriers do not have active UL transmission). This approach ensures that network can seamlessly transition UE operation between single-carrier and multi-carrier transmissions as dictated by dynamic propagation conditions, without the need for CA reconfigurations, while the implementation complexity of power boosting remains approximately same as for the single carrier case. A simplified example of such approach is provided in Figure 1, when UL CA has 2 component carriers and the power boosting is applied depending on whether UL transmissions are scheduled in one or both carriers:


Figure 1. Power boosting for UL CA scenarios.
Another potential approach is to allow use of power boosting features for the case of UL CA under assumption that UE has a single active UL carrier per band (i.e. in case UL SCells were de-activated). The respective approach is less flexible comparing to the aforementioned and is less desirable. 
Proposal #2:	For UL CA scenarios the existing power boosting requirements apply under assumption that there are no simultaneous UL transmissions on other UL carriers scheduled within the slot for the same UL band combination or for the band in the UL band combination. 

RF requirements
Under assumptions of using UL scheduling restrictions to apply power boosting under UL CA scenarios no impact on the RF requirements is expected and single carrier requirements can be reused.

UE capabilities signalling
Based on current assumptions UE reports the power boosting capabilities with “per FS” (per band per band combination) granularity, which already provides sufficient flexibility for UE to report the respective capabilities and no changes are needed to support power boosting for UL CA. The proposed UE feature list are provided in [2].


Conclusion
In this contribution we provided views on provides views on the applicability of Rel-18 power boosting features powerBoostRel18 and powerBoostTSRel18 and to UL CA scenarios and in summary make the following proposals:
Proposal #1:	Support power boosting enhancements/features for UL CA scenarios
Proposal #2:	For UL CA scenarios the existing power boosting requirements apply under assumption that there are no simultaneous UL transmissions on other UL carriers scheduled within the slot for the same UL band combination or for the band in the UL band combination. 
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Features  Index  Feature group  Components    Prerequisit e feature  groups  Need for  the gNB  to know  if the  feature is  supporte d  Applicabl e to  the  capabilit y  signallin g  exchang e  between  UEs (V2X  WI  only)”.  Consequence if  the feature is  not supported  by the UE  Type   (the ‘type’ definition  from UE features  should be based on  the granularity of 1)  Per UE or 2) Per Band  or 3) Per BC or 4) Per  FS or 5) Per FSPC)  Need of  FDD/TDD  differentiati on  Need  of  FR1/F R2  differe ntiatio n  Capab ility  interp retatio n for  mixtur e of  FDD/T DD  and/or  FR1/F R2  Note  Mand atory/ Optio nal  

powerBoostRe l18  41 - 2  P ower boosting for   DFT - s - OFDM   pi/2  BPSK  and QPSK  transmissions   without  modified spectrum  flatness requirement   1. Support of   UE power boosting for  DFT - s - OFDM   pi/2  BPSK and QPSK without modified spectrum flatness  requirement for  PC3   and PC2  MPR reduction, when  applicable as defined in 6.2 of TS 38.101 - 1.The power  boosting is only enabled when signalled via RCC  powerBoostPi2BPSKRel18   for BPSK and  powerBoostQPSKRel18   for QPSK  1 - 6, 1 - 7    Yes  N/A  UE cannot  power boost  without   modified  spectrum  flatness  requirement  Per FS  NO  FR1  only  N/A  FFS  –   RAN4 is still  discussing the applicable  scenarios  Option al with  capabi lity  signalli ng  

powerBoostTS Rel18  42 - 3  P ower boosting for   DFT - s - OFDM   pi/2  BPSK  and QPSK  transmissions  with  modified spectrum  flatness requirement  shaping  1. Support of    UE power boosting for  DFT - s - OFDM   pi/2 BPSK and QPSK with modified spectrum flatness  requirement for  PC3   and PC2  MPR reduction, when  applicable as defined in 6.2 of TS 38.101 - 1. The power  boosting is only enabled when signalled via RCC  powerBoostPi2BPSKRel18   for BPSK and  powerBoostQPSKRel18   for QPSK  1 - 6, 1 - 7  Yes  N/A  UE cannot  power boost  with   modified  spectrum  flatness  requirement  Per FS  NO  FR1  only  N/A  FFS  –   RAN4 is still  discussing the applicable  scenarios  Option al with  capabi lity  signalli ng  
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