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Introduction
In RAN1#110bis-e, the following agreement was made on the work split between RAN1 and RAN4:
	Agreement
The following work split principles will be adopted in RAN1 for power domain enhancement throughout Rel-18 from RAN1 perspective and send LS to RAN4 in this meeting:
· RAN1 performs link level simulations of candidate solutions for power domain enhancements to study at least the SNR variation, PAPR/CM, and EVM, brought by each solution.
· Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
· RAN1 is not expected to perform RF simulations of candidate solutions for power domain enhancements
· Results of RF simulations can be included in RAN1 contributions
· RAN1 will assess RAN1 specification impact of candidate MPR/PAR reduction solutions
· A list of candidate solutions, including necessary parameters, from RAN1 perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
· RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.



In RAN1#110bis-e, the following agreements were made for power domain enhancements:
	Conclusion
Sub-PRB transmission is de-prioritized for the study of MPR/PAR reduction solutions in Rel-18. 

Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.

Agreement
The following design aspects of tone reservation (TR), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Sideband tone reservation size is expressed in integer units of RBs.
· FFS:
· Sideband tone reservation size
· Sideband tone reservation size determination
· Whether PRTs are added only to data or also DMRS symbols

Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.

Agreement
DFT-s-OFDM is the target waveform for the study and, if applicable, the design of MPR/PAR reduction solutions in Rel-18.
Note: No doubt from RAN1 about the offline consensus “Results concerning the application of solutions for DFT-s-OFDM to CP-OFDM can be presented by companies in their contributions”. 

Agreement
For power-domain enhancements targeting MPR/PAR reduction, study the following configurations for DFT-S-OFDM:
· At least pi/2-BPSK and QPSK modulation are considered
· FFS: other modulations, e.g., 16-QAM
· Any number of RB can be considered
· The starting RB of the allocation can be any RB in the BWP 
· FFS:
· Whether restrictions on the number of allocated RB or on the starting RB of the allocation are considered.

Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension) 

Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined
Agreement
For link-level performance evaluation:
· R17 PUSCH DFT-s-OFDM waveform is the baseline for performance comparison
· Transparent schemes (to be reported by companies) can be used as benchmark for the performance assessment
All considered solutions should be configured to operate with same amount of time-frequency resource and a same spectral efficiency, that is:
· Same number of DFT-s-OFDM symbols
· Same TBS
· Same RB allocation
Note: it is understood that minor TBS variations across different waveform configurations can occur and are acceptable.
 
Agreement
For link-level performance evaluation, the performance of the considered MPR/PAR reduction solutions is studied using at least the metrics included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18, for instance, but no limited to, [image: ], defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
· FFS whether further definition or refinement of the metrics is needed
Note: metrics other than the ones included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18 can be reported by companies.

Agreement 
For link-level performance evaluation, companies are encouraged to report configuration details of the following aspects, when applicable:
· Shaping filter used for evaluating frequency domain spectrum shaping w/ and w/o spectrum extension (both the filter used at the transmitter and at the receiver should be reported, if the two filters are assumed to be mismatched).
· PRT generation algorithm used for evaluation tone reservation w/ spectrum extension.
· Design details and configuration of any transparent scheme used as benchmark 

Agreement 
For link-level performance evaluation of MPR/PAR reduction solutions involving the use of Tx filter, companies are encouraged to assume a Tx filter which fulfills a set of spectrum flatness requirements, e.g., existing RAN4 spectrum flatness requirements
· FFS whether the set of spectrum flatness requirements shall be the same set of constraints as in the current RAN4 spec or not.
For link-level performance evaluation of MPR/PAR reduction solutions involving the use of spectrum extensions or sideband, companies are encouraged to report whether/how the extended portion of the spectrum is handled by the receiver in the simulations.



In the contribution we discuss our view on power-domain enhancements for further NR uplink coverage enhancements. 
Discussion
According to the agreed work split principles between RAN1 and RAN4 in RAN1-110bis-e, RAN1 is responsible for link-level performance evaluation while RAN4 is responsible for RF simulations to study and assess the potential gain vs. loss trade-off in terms of net coverage gain. PAR reduction can help increase max. transmit power at the expense of potential link level performance loss due to coding rate change and effectively utilized RBs as a result of spectrum extension. Once the RAN1 and RAN4 evaluation studies are concluded, RAN1 should report its conclusion on link performance results to RAN4. After evaluation results from both RAN1 and RAN4 are collected, RAN4 is responsible for reaching an agreement on whether to specify one of the candidate solutions. 
Observation 1: Accurate comparison between candidate solutions relies on studying the performance loss due to coding rate change and the gain from reduced PAPR.
As concluded in the agreed work split principles, RAN4 is responsible for deciding which candidate solution to select for Rel-18, if any. So, RAN1 should focus its study on understanding both performance loss and gain for each candidate solutions in its report to RAN4. We propose the following. 
Proposal 1: After RAN1 study on candidate solutions is concluded, RAN1 should separately report expected performance gains due to reduced PAR and coding performance losses to RAN4. 

In the following, we discuss the candidate solutions identified during RAN1-110bis-e discussions. 

FDSS without spectrum extension
FDSS without extension is supported for /2 BPSK since Rel-15 NR. Higher maximum transmit power can be achieved for coverage limited UEs by reducing MPR requirement. This can be realized by reducing PAPR with smooth transitioning at the occupied bandwidth using in-band filtering. For Rel-18, FDSS without spectrum extension is now studied for QPSK to improve coverage performance. 
Since no spectrum extension is involved, there is no change on the number of allocated affective RBs, hence coding rate remains the same. 
Observation 2: No significant link performance loss is expected in FDSS without spectrum extension as coding rate remains the same. 

FDSS with spectrum extension
FDSS with spectrum extension includes an additional extension block before the FDSS filtering. Extension block can help reduce PAR of the waveform depending on the number of additional RBs for the extension, i.e., the extension factor. To accommodate spectrum extension, either coding rate needs to be increased or TBS should be reduced. In either case, a link performance loss is expected. The net coverage gain depends on the trade-off between PAR reduction vs. link performance loss. 
Different spectrum extension types and factors were considered by companies. Their impact on performance loss should be understood in RAN1 irrespectively of potential PAR reduction figures. Their impacts on coding loss and PAR reduction should be compared separately, instead of a direct comparison of net coverage gains approach. 
Observation 3: FDSS with spectrum extension requires either coding rate increase or TBS reduction. Both will incur link performance loss. 
Proposal 2: For FDSS with spectrum extension, coding performance losses and PAR reduction figures are separately analyzed/compared for different spectral filtering and extension factor configurations. 

Tone reservation
Tone reservation uses peak reduction tones (PRTs) to cancel the peaks of a waveform. PRTs are added to the real waveform carrying the data to reduce PAR. Similar to FDSS with spectrum extension, tone reservation also applies additional RB assignment which requires either coding rate increase or TBS reduction. As a result, link performance loss is expected with tone reservation. It will be useful if these gains and losses are analysed separately depending on different configurations.  

Observation 4: Tone reservation requires either coding rate increase or TBS reduction. Both will incur link performance loss. 
Proposal 3: For tone reservation, coding performance losses and PAR reduction figures are separately analyzed/compared for different number of PRT size.

Conclusions
We have the following observations:
Observation 1: Accurate comparison between candidate solutions relies on studying the performance loss due to coding rate change and the gain from reduced PAPR.
Observation 2: No significant link performance loss is expected in FDSS without spectrum extension as coding rate remains the same.
Observation 3: FDSS with spectrum extension requires either coding rate increase or TBS reduction. Both will incur link performance loss.
Observation 4: Tone reservation requires either coding rate increase or TBS reduction. Both will incur link performance loss. 
We have the following proposal:
Proposal 1: After RAN1 study on candidate solutions is concluded, RAN1 should separately report expected performance gains due to reduced PAR and coding performance losses to RAN4.
Proposal 2: For FDSS with spectrum extension, coding performance losses and PAR reduction figures are separately analyzed/compared for different spectral filtering and extension factor configurations. 
Proposal 3: For tone reservation, coding performance losses and PAR reduction figures are separately analyzed/compared for different number of PRT size.
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