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1. [bookmark: _Ref490222521]Introduction
In the RAN1#111 meeting [1], issues on power domain enhancements were discussed. Related agreements were captured as follows:
	Agreement
· At least the following enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC can be considered for study. Enhanced signaling, if necessary and subject to RAN4’s input, to allow: 
· Determination at gNB of power class change at the UE
· Increased awareness at gNB of energy/power availability at the UE, e.g., a budget.
· More informative PHR to be sent from UE to gNB, which may include, e.g., P-MPR related information, power headroom for carrier configured for DL but not UL, power class change indication.
· More effective scheduling decisions in the context of UL CA, e.g., best band combination, preferred carrier for servicing uplink, adaptive load sharing across sharing, 
· Other options are not precluded.
Agreement
The following non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation w/ spectrum extension
In addition, transparent schemes, for instance but not limited to frequency domain spectrum shaping w/o spectrum extension or schemes based on clipping and filtering, are also being evaluated to serve as a benchmark to assess the benefits of non-transparent solutions. Companies are allowed to use any transparent transmission scheme of their choice.


According to the above discussions, two aspects of enhancements need to be further studied, including the signalling exchanging to facilitate higher power transmissions in CA and DC, and the solutions based on frequency domain spectrum shaping (FDSS) and Tone reservation (TR) for MPR/PAR. In this contribution, our views on these aspects will be provided.
2. Discussions
2.1 Higher power transmissions in CA and DC
In current spec [2], power class of a PC2 UE will fallback to default power class when the average percentage of uplink symbols transmitted in a certain evaluation period is larger than a defined max duty cycle value. Thus uplink transmission power may be changed, and link quality will be impacted due to the unawareness of gNB. To avoid such performance degradation, signalling to determine power class change under gNB is a better method. Higher power class transmissions will be kept without restriction of duty cycle through the signalling. Though link quality may be improved, the significant impact on UE implement needs to be considered if higher power class is kept for a long period of time, where the additional UE power capability is needed and requirements from RAN4 measurement should be discussed.
[bookmark: OB1]Observation 1: Impact on UE should be considered on the study of allowing determination at gNB of power class change at the UE.
Meanwhile, increasing energy/power availability awareness at gNB is another candidate solution. According to [2], specific absorption rate (SAR) is applied to limit RF exposure. Considering the time-averaged nature, higher power level in short bursts will not violate the averaged SAR regulation, so high power transmission in specific uplink symbols/slots is feasible. Therefore, signaling of PHR, MPR report or power class change indication need to be further designed to provide gNB a better understanding of UE power condition, such as the scheduling timeline or the report content. However, related issues are also under discussion in RAN4 [3] and no further agreements have been achieved, hence further study of signaling design is better to be waited and based on the conclusion of RAN4.
[bookmark: OB2]Observation 2: Further study of signaling design to increase energy/power availability awareness should be waited and based on RAN4 conclusion.
Moreover, effective scheduling decisions in UL CA are also expected to be enhanced. The context including best band combination, preferred carrier for servicing uplink or the adaptive load sharing across sharing, which may be involved in complicated L1/L2 issue. Consider the limit TU, corresponding study is better to be deprioritized. 
[bookmark: OB3]Observation 3: Study of effective scheduling decision in UL CA is better to be deprioritized.
[bookmark: PP1]Proposal 1: Enhancement of higher transmission power in CA and DC can be studied based on RAN4 input.
2.2 Enhancement on MPR/PAR reduction
As agreed in the last meeting, FDSS and TR are considered to be further studied for MPR-PAR reduction.
1. 
2. 
2.1. 
2.2. 
2.2.1 FDSS
For FDSS, a shaping filter is introduced in frequency domain to lower PAPR/CM value, and transparent FDSS has already been supported in the current spec [2]. UE is allowed to employ spectral shaping with pi/2 BPSK modulation and power boosting gain can be observed in PC3 MPR table. While the MPR/PAR reduction effect is still limit, higher modulations and non-transparent FDSS are proposed to acquire better network gain.
For transparent FDSS, only lines of MPR value should be added in the PC3 MPR table if power boosting of higher modulations is supported in RAN4, and no spec impact can be caused in RAN1. Hence, limit spec impact can be caused in transparent FDSS with higher modulations. 
[bookmark: OB4]Observation 4: Limit spec impact will be caused in transparent FDSS with higher modulations.
Study on QPSK modulation is encouraged in the last meeting, and necessity of higher modulations are also discussed in both RAN1 and RAN4. Consider the TU is limit, and simulation attempts are almost based on QPSK modulation, focus on QPSK in transparent FDSS is a better and more feasible idea. Hence, transparent FDSS with QPSK should be studied and finished in Rel-18. If higher modulations show a better MPR/PAR reduction effect, corresponding study can be processed in Rel-19 if needed.
[bookmark: OB5]Observation 5: Transparent FDSS with QPSK should be studied in Rel-18, study on higher modulations can be processed in Rel-19 if needed.
[bookmark: PP2]Proposal 2: At least transparent FDSS with QPSK should be studied in Rel-18.
For non-transparent FDSS, both allocated and extended spectrum are filtered by shaping filters. 2 typical methods are considered, as illustrated in Figure 1, based on whether the data in extended spectrum is repeated or not. The extended PRBs are just reserved for non-transparent FDSS type 1, and filled with repeated data from part of the original signals for non-transparent FDSS type 2.


[bookmark: _Ref118573657]Figure 1. illustration of 2 type of FDSS types 
Compared with transparent FDSS, the extended spectrum creates a smoother filtering effect, slowing down the transmission power attenuation in the edge part of the allocated PRBs and thus a trade off is obtained between lower PAPR/CM value and improved demodulation performance. Moreover, the repeated data can be combined with original signals in the MMSE receiver to acquire extra demodulation gain for the FDSS type2. Hence, non-transparent FDSS is feasible to acquire better network gain.
[bookmark: OB6]Observation 6: Non-transparent FDSS has better MPR/PAR reduction effects compared with transparent FDSS.
Though performance can be improved by non-transparent FDSS, more spec impact will be caused. Extended PRBs need to be known and scheduled by gNB to guarantee the modulation performance and prevent resource collision, and the clarification on the signal bandwidth should also be made to confirm max output power in power control process. Hence, non-transparent FDSS will cause specific spec impact	.
[bookmark: OB7]Observation 7: Specific spec impact will be caused in non-transparent FDSS.
Therefore, non-transparent FDSS should be further studied to achieve the better network gain. Consider the limit TU, and simulation attempts are almost based on pi/2 BPSK and QPSK modulation, simulation results can be adopted first, and further discussion such as higher modulations or FDRA related design can be continued in Rel-19 if needed.
[bookmark: PP3]Proposal 3: At least performance of non-transparent FDSS with pi/2 BPSK and QPSK can be studied first, related FDRA design or higher modulations can be continued in Rel-19 if needed.
Besides, DMRS design in non-transparent FDSS is also discussed in the last meeting. DMRS can be repeated like the procedure of data or regenerated by the sum length of the whole transmission PRBs (allocated PRBs+ extended PRBs), and other effective low PAPR technique such as DFT transformation or utilization of DMRS type 2 are also introduced. Since DMRS type 2 is mainly used for pi/2 BPSK based on current spec, QPSK or higher modulation may not have the same lower PAPR effect. For DMRS type 1, the span of repeated DMRS in the extension which is similar to data seems more simple and not cause obvious changes in transmission process. Hence, the type 1 DMRS sequence with span of repeated DMRS in the extension is more reasonable.
[bookmark: OB8]Observation 8: type 1 DMRS sequence with span of repeated DMRS in the extension seems more simple and reasonable.
2.2.2 TR
[bookmark: _GoBack]For TR, peak reduction tones (PRTs) on each side band are utilized to generate a peak-canceling signal, and low PAPR waveform will be formed after OFDM modulation. Compared with transparent-FDSS, TR is more simple and efficient. No data information will be carried in PRTs to preserve EVM metric and guarantee low PAPR effect, and no other additional operations will be processed. Moreover, the current mature optimization algorithm such as simple gradient method has been proposed, improved low PAPR/CM effect can be achieved with a low computational complexity. Hence, TR can be also considered as condition solution to be further studied.
[bookmark: PP4]Proposal 4: TR can be also considered as condition MPR/PAR solution to be further studied.
Since sideband is utilized as PRTs in data, extra subcarriers will be reserved in the sideband of DMRS symbols. A method is proposed that PRTs are added to the DMRS symbols in the sideband similar as data symbols. However, DMRS sequence is already low PAPR design, low PAPR effect in DMRS symbols may not be large. Meanwhile, peak reduction in DMRS may affect the channel estimation accuracy, which causes demodulation performance loss. Hence, PRTs in DMRS symbols may be not necessary.
[bookmark: OB9]Observation 9: PRTs in DMRS symbols may be not necessary.
3. Conclusion
In this contribution, we discuss the signaling enhancement on high power transmission in CA/DC and MPR/PAR reduction about FDSS and TR, and have the following observations and proposals:
Observation 1: Impact on UE should be considered on the study of allowing determination at gNB of power class change at the UE.
Observation 2: Further study of signaling design to increase energy/power availability awareness should be waited and based on RAN4 conclusion.
Observation 3: Study of effective scheduling decision in UL CA is better to be deprioritized.
Observation 4: Limit spec impact will be caused in transparent FDSS with higher modulations.
Observation 5: Transparent FDSS with QPSK should be studied in Rel-18, study on higher modulations can be processed in Rel-19 if needed.
Observation 6: Non-transparent FDSS has better MPR/PAR reduction effects compared with transparent FDSS.
Observation 7: Specific spec impact will be caused in non-transparent FDSS.
Observation 8: type 1 DMRS sequence with span of repeated DMRS in the extension seems more simple and reasonable.
Observation 9: PRTs in DMRS symbols may be not necessary.
Proposal 1: Enhancement of higher transmission power in CA and DC can be studied based on RAN4 input.
Proposal 2: At least transparent FDSS with QPSK should be studied in Rel-18.
Proposal 3: At least performance of non-transparent FDSS with pi/2 BPSK and QPSK can be studied first, related FDRA design or higher modulations can be continued in Rel-19 if needed.
Proposal 4: TR can be also considered as condition MPR/PAR solution to be further studied.
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