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[bookmark: _Ref513464071]Introduction
RAN approved a WI on further coverage enhancements for NR [1]. The WI includes the following objective:
· 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)
In this contribution, we discuss our view on UE aggregated power class, minimizing MPR and Tone reservation technique. 
Discussion
Coverage is one of the important aspects for cellular communication. RAN plenary agreed to introduce new WI to further enhance the coverage. One of the objectives is to study power domain enhancements such as enhancements to reduce MPR/PAR and enhancements to realize increasing UE power high limit for CA and DC.
Maximum power reduction:
One of the techniques to increase the UE transmit power is to reduce the Maximum Power Reduction (MPR). MPR is applied to reduce the leakage caused by the uplink transmission on the adjacent channels to comply with the emission mask. The interference on adjacent channels is mainly caused by the non-linearity of the power amplifier. Techniques to reduce the PAPR can help increasing the transmission power while keeping the power amplifier of the UE operating in the linear region, and consequently, UE’s transmission can use higher power. MPR reduction techniques can be enabled when the UE is in coverage limited scenario. For example, the gNB can determine based on e.g., uplink reference signals or based on power headroom report if the UE needs more transmission power to achieve the performance target. The gNB can then indicate to the UE to enable techniques to minimize MPR in the subsequent uplink transmissions [2].  
Proposal 1: Support methods to improve MPR of the waveform.

Tone reservation technique:
One technique that can be considered to enhance power domain and to minimize the MPR is tone reservation (TR) technique. TR technique can reduce the RF imperfections/leakage which can then enable higher power transmission. TR consists of reserving a set of sub-carriers used for data transmission to transmit a signal that can reduce the peak of data signal and thus reduce the PAPR. The RBs used for data transmission are transmitted using higher power compared to RBs used for reserved tones. A large number of reserved sub-carriers results on lower PAPR and cubic metric. 
Proposal 2: Study the support of tone reservation technique to enable transmission with higher power.

PHR reporting enhancements:
In NR carrier aggregation, the UE performs power control per each serving cell and ensure that the total transmitted power is below the limit set for CA power class as defined in TS 38.101-1 for FR1 (i.e., Pcmax). If the total power exceeds the limit, the UE allocates power in a priority order as defined in TS 38.213. In Rel-15/16, Pcmax_CAhad the same value regardless of the number of combinations of UL carriers, UE capability or the activated UL carriers. In Rel-17, the UE can indicate to the network a higher power limit capability for CA for a band combination and the Pcmax can be increased accordingly but in semi-static way. 
One potential enhancement to consider in Rel-18 is to adapt the Pcmax based on the UE’s scenario. The UE can report to the gNB its capability of supporting different power classes for different band combinations. Based the operating scenario, the gNB can change the power class of the UE. For example, based on RSRP change or set of active UL carriers. Another example could be based on the Spectrum Absorption Rate (SAR) requirements changes for the used UL duty cycle since the SAR limit are tested against a defined uplink duty cycle. The duty cycles and the Power Class are specified in 38.101 specifications. For example, the UE is allowed to use a 50% duty cycle with PC2 (26dBm). The duty cycle has a corelation with the SAR compliance and thus in some cases the UE will be falling back to PC3 (23dBm) power class. If the UE is overshooting a compliant SAR duty cycle, currently the solution is P-MPR application if proximity sensors dictate.
We believe that correlating UE power capabilities with time domain duty cycles may bring advantages in UL coverage for different type of traffic. Some services may need a higher power for a shorter period of time, while others lower power for a longer period of time. This power class adaptation may be indicated by the UE and the network may using it accordingly because these power/time domains classes will not only help in UL coverage, but also optimize the UE battery life. 
The power classes per band combination can be changed by the gNB accordingly, using either RRC reconfiguration or more dynamic reconfiguration (e.g., MAC CE). In the latter case, the UE could receive a separate resource configuration for each power class combination. To support UE power class adaptation, enhanced power headroom reports can be used to request/indicate a specific aggregated power class. For example, an enhanced PHR can point to one of the power class combinations indicated by the UE as capability. 
Proposal 3: Support indication of aggregated power class in power headroom report
Conclusion
In this contribution, we have discussed and propose the following:
Proposal 1: Support methods to minimize MPR of the waveform.
Proposal 2: Study the support of tone reservation technique to enable transmission with higher power.
Proposal 3: Support indication of aggregated power class in power headroom report.
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