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1. [bookmark: _Ref490222521]Introduction
In the RAN1#112-bis e-meeting [1], issues on power domain enhancements were discussed. Related agreements were captured as follows:
	Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability
Note: Discussion is still ongoing, and its full current content can be found in Section 2.1.2 of R1-2303924.
Agreement
· If FDSS-SE is supported in Rel-18, DMRS are mapped on PRBs of both inband and extension and gNB can assume that they are filtered using the same Tx shaping filter as data.
· FFS: whether and which optimizations to Rel-15 and/or Rel-16 DMRS, including sequence extension and/or mapping, to be used with FDSS-SE, are needed.
· Note: whether this will have RAN1 specification impact (if any) is a separate discussion and subject to RAN4’s conclusion to support FDSS-SE as one MPR/PAR reduction solution for Rel-18 (if any).


Based on the above agreement and observation, two aspects of enhancements are still under discussion, including facilitating higher power transmissions in CA and DC and non-transparent frequency domain spectrum shaping (FDSS) designs 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
Increasing energy/power availability awareness at gNB get a heated discussion in the last meeting. 8 potential quantities to be reported in the PHR are identified, the Pros and cons of the identified solutions are listed, and trigger mechanisms are also discussed. Finally, an observation has been achieved and the discussion is still ongoing.
[bookmark: _GoBack]As mentioned in [2], the first 3 potential solutions can be regarded as reactive enhancement. gNB can know the current power class, power class change and RF exposure with the reporting PHR containing the 3 solutions and UE can be better scheduled accordingly, the design is also simple if no new events need to be defined and enhancement may mainly focus on PHR content. If a selection needs to be made for PHR enhancements, the first 3 quantities can be considered. And power class change reporting can be prioritized over specific power class reporting for fewer indication bits.
For the subsequent 5 solutions, the average property of SAR is utilized to perform a higher power transmission in a specific duration and have some active effects on the gNB scheduler. However, the measurement and estimation method of the application time is hard to get unified for different implementations of different UEs, and the evaluation of accurate time duration is difficult to be done in RAN1, causing it hard to confirm the effectiveness of this approach through a specific assessment. Hence, comparing two types of solutions together, reactive enhancement can be prioritized.
[bookmark: OB1]Observation 1: ∆PPowerClass, Power class and P-MPR can be prioritized.
Meanwhile, corresponding discussions are also underway in RAN4. According to the agreements of WF [3], all of the 8 potential solutions are still FFS. Considering it is a RAN4 lead feature, corresponding enhancement should be discussed with the consideration of the RAN4 process.
[bookmark: OB2]Observation 2: Corresponding enhancement should be discussed with the consideration of the RAN4 process.
[bookmark: PP1]Proposal 1: If enhancement of higher transmission power in CA and DC is specified, ∆PPowerClass, Power class and P-MPR are prioritized.
2.2 Enhancement on MPR/PAR reduction
As agreed in the previous 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 the frequency domain to lower PAPR/CM value, and transparent FDSS has already been supported in the current spec [4]. UE is allowed to employ spectral shaping with pi/2 BPSK modulation and power boosting gain can be observed in PC3 MPR table. However, the MPR/PAR reduction effect is still limited, higher modulations and non-transparent FDSS are proposed to acquire better network gain.
For transparent FDSS, lines of MPR value will 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, only limited spec impact will be caused in transparent FDSS with higher modulations. 
The study on QPSK modulation is encouraged in the previous meetings, and the necessity of higher modulations is also discussed in both RAN1 and RAN4. Considering limit TU, and simulation attempts are almost based on QPSK modulation, focusing on QPSK in transparent FDSS is a better and more feasible idea. Therefore, transparent FDSS with QPSK should be studied and finished in Rel-18. If higher modulations show a better MPR/PAR reduction effect, the corresponding study can be studied in Rel-19 if needed.
[bookmark: OB3]Observation 3: Transparent FDSS with QPSK should be studied in Rel-18, and higher modulations can be studied in Rel-19 if needed.
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 the 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 types 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 type 2. As observed in [5], over 1dB network gain can be obtained in FDSS type 2 compared with transparent FDSS. Hence, non-transparent FDSS is feasible to acquire better network gain. 
[bookmark: OB4]Observation 4: Non-transparent FDSS has over 1dB network gain compared with transparent FDSS.
Though performance can be improved by non-transparent FDSS, more spec impact will be caused. As summarized in [2], FDRA design is the most relevant RAN1 aspect to be focused on, and about 4 aspects are impacted in case FDRA filed indicates the number of PRBs in the inband allocation or in the total allocation, which may be listed as TBs calculation, DMRS mapping, bandwidth definition on the power control and DFT size. Hence, the specific spec impact should be further discussed.
Therefore, non-transparent FDSS is capable to achieve better network gain, which is valuable for network coverage and should be further studied. While only a few TU is left, it seems difficult to complete all aspects of its research. Hence the performance analysis and spec impact are better to be completed in Rel-18, and the corresponding normative work can be done in Rel-19.
[bookmark: PP2]Proposal 2: Non-transparent FDSS performance and spec impact should be studied, and normative work can be done in Rel-19.
In the last meeting, DMRS design in non-transparent FDSS also gets a heated discussion. Simulations are provided to identify the best DMRS scheme and alternatives are listed to confirm the best DMRS candidate solution. Based on the simulation results, the type 2 DMRS sequence has the lowest PAPR/CM value compared with data and the type 1 DMRS sequence when the length is larger or equal to 30, and per RE extension solution has a better PAPR/CM value than other extension methods. However, the demodulation performance of type 1 is better than the type 2 DMRS sequence regardless of total PRBs, per RB extension or per RE cyclic extension scheme. Considering demodulation performance is the most important metric for DMRS, and the PAPR/CM value similar to data performance is enough, the DMRS type 1 sequence is more worthwhile to be considered.
[bookmark: OB5]Observation 5: DMRS type 1 sequence is more appropriate for non-transparent FDSS when the DMRS length is larger or equal to 30.
When DMRS length is short than 30, similar performance relationships can be observed as well. Though the net gain of DMRS type 2 has a slight performance gain than DMRS type 1, the demodulation performance of DMRS type 1 is more advantageous. Hence DMRS type 1 is also worth considering.
[bookmark: OB6]Observation 6: DMRS type 1 sequence is more appropriate for non-transparent FDSS when the DMRS length is shorter than 30.
Therefore, DMRS type 1 should be considered for non-transparent FDSS. From the last meeting, it is also assumed that NW can configure the potential DMRS sequence if a given DMRS sequence generation method set in one alternative is supported. Considering it is up to NW configuration, more methods in one alternative are beneficial for configuration flexibility. Hence, more methods of DMRS sequence generation in one alternative are expected, and at least DMRS type 1 should be included if one alternative is narrowed down.
[bookmark: PP3]Proposal 3: For configuration flexibility, more methods of DMRS sequence generation are preferred.
[bookmark: PP4]Proposal 4: At least DMRS type 1 should be included if one alternative is narrowed down.
2.2.2 TR
As mentioned in previous meetings, TR is also considered an effective solution for MPR/PAR reduction. Peak reduction tones (PRTs) on each side band are utilized to generate a peak-cancelling signal, and a low PAPR waveform will be formed after OFDM modulation. Compared with transparent FDSS, TR is more simple and more efficient. No data information will be carried in PRTs to preserve the EVM metric that guarantees a low PAPR effect, and no other additional operations will be processed. The current mature optimization algorithm such as the simple gradient method is proposed to improve the low PAPR/CM effect with low computational complexity. Hence, TR can be also considered as a candidate solution to be further studied.
[bookmark: PP5]Proposal 5: TR can be also considered as a candidate MPR/PAR solution for further study.
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: ∆PPowerClass, Power class and P-MPR can be prioritized.
Observation 2: Corresponding enhancement should be discussed with the consideration of the RAN4 process.
Observation 3: Transparent FDSS with QPSK should be studied in Rel-18, and higher modulations can be studied in Rel-19 if needed.
Observation 4: Non-transparent FDSS has over 1dB network gain compared with transparent FDSS.
Observation 5: DMRS type 1 sequence is more appropriate for non-transparent FDSS when the DMRS length is larger or equal to 30.
Observation 6: DMRS type 1 sequence is more appropriate for non-transparent FDSS when the DMRS length is shorter than 30.
Proposal 1: If enhancement of higher transmission power in CA and DC is specified, ∆PPowerClass, Power class and P-MPR are prioritized.
Proposal 2: Non-transparent FDSS performance and spec impact should be studied, and normative work can be done in Rel-19.
Proposal 3: For configuration flexibility, more methods of DMRS sequence generation are preferred.
Proposal 4: At least DMRS type 1 should be included if one alternative is narrowed down.
Proposal 5: TR can be also considered as a candidate MPR/PAR solution for further study.
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