
Page 1

3GPP TSG RAN WG1 #111		    													                     R1-2211424
Toulouse, France, November 14th – 18th, 2022

Source: 	Intel Corporation
Title:	Discussions on power domain enhancement
Agenda item:	9.14.2
Document for:	Discussion and Decision
[bookmark: _Ref506539118]Introduction
At the RAN1#110b-e meeting, the following agreements were made regarding power domain enhancement [1]:
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.
Agreement
Draft LS R1-2210563 is endorsed in principle with modifying RAN2 to RAN4 in the Actions (‘RAN2’ should be ‘RAN4’ in “ACTION: RAN1 respectfully requests RAN2 to take the above into account in their future work.”)
Agreement
Final LS R1-2210674 is endorsed.
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
Draft LS R1-2210673 is endorsed in principle.
Agreement
Final LS R1-2210739 is endorsed.
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, , 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 present our views on power domain enhancement, with primary focus on frequency domain spectrum shaping for DFT-s-OFDM waveform for PAPR reduction. Our views on PRACH coverage enhancement and dynamic switching between DFT-S-OFDM and CP-OFDM waveforms are described in our companion contributions [2] and [3], respectively. 
Discussions on frequency domain spectrum shaping 
FDSS with and without spectrum extension
During the Rel-17 NR coverage enhancement study item phase, PUSCH was identified as one of the bottleneck channels that needs coverage enhancement [4]. Further, during NR coverage enhancement work item phase, several techniques including PUSCH transmission with counting based on available slot and increased number of repetitions, TB processing over multiple slots (TBoMS), DMRS bundling, and enhanced inter-slot frequency hopping mechanisms were introduced to enhance the coverage for PUSCH transmission. 
[bookmark: _Hlk53063199]In Rel-18, to further improve the coverage for uplink transmission, power domain enhancement can be considered, with the motivation to reduce the maximum power reduction (MPR) and achieve higher transmission power. In Rel-15, NR supports Frequency Domain Spectral Shaping (FDSS) without spectrum extension for /2 BPSK to reduce the PAPR. With a smooth transition at the occupied bandwidth, PAPR for the PUSCH transmission can be reduced accordingly. 
At the RAN1#110b-e meeting, it was agreed to further study the following candidate solutions for MPR/PAR reduction [1]:
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
Among these candidate solutions, FDSS with spectrum extension adds an extension block to the total allocated bandwidth of the DFT-s-OFDM waveform. This can potentially reduce the CM/PAPR when the spectral extension is used. Tone reservation uses a subset of non-data bearing subcarriers called the peaks reduction tones (PRTs) to create a peak cancelling signal. The peak cancelling signal is added to the original waveform to reduce the PAPR. 
In particular, FDSS with spectrum extension can be achieved by extending the allocated bandwidth () with an extension factor, , utilizing different methods for extension. 
 
where  = excess bandwidth () / allocated bandwidth (). 
Further, it was agreed at the RAN1#110b-e meeting that the following options can be considered for study for FDSS-SE:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.
For Option 1 with symmetric extension, the excess bandwidth (), specified by the extension factor () is added to the allocated bandwidth (). Subsequently, tones are symmetrically added to the start and end of  to obtain the total allocated bandwidth for FDSS- SE (). For Option 2 with cyclic extension, the allocated bandwidth  is cyclically extended to the total allocated bandwidth  by adding  tones to the start of . Figure 1 illustrates the FDSS-SE scheme with symmetric and cyclic extension. 

[image: ]
[bookmark: _Ref118407842]Figure 1. FDSS-SE with symmetric and cyclic extension

Potential specification impact for FDSS-SE scheme 
At the RAN1#110b-e meeting, it was agreed that for FDSS-SE, the following design aspects are considered [1]: 
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
For FDSS-SE scheme, potential specification impact may include the signalling mechanism on how to indicate the frequency resource for PUSCH transmission. One straightforward solution is to reuse the existing approach by configuring or indicating FDRA as allocated resource for PUSCH transmission, where extended resource may be determined based on the configured extension factor and allocated resource size. As an alternative option, gNB may signal the total allocated resource including extended resource for the corresponding PUSCH transmission, and further extended resource for spectrum extension can be determined based on the extension factor and total allocated resource size. 
Further, DMRS design for the corresponding PUSCH transmission may need to be adapted to the spectrum extension scheme. In particular, it is more desirable that the MPR/PAR reduction achieved by FDSS-SE scheme is aligned with that for DMRS so as to allow decent channel estimation and deciding performance. Towards this direction, the following DMRS design options can be considered: 
· Option 1: Rel-15 or Rel-16 DMRS sequence which spans the total allocated resource including extended resource for corresponding PUSCH transmission.
· Option 2: both DMRS and PUSCH undergo same spectrum extension and spectrum shaping procedure. In this case, the DMRS sequence before spectrum extension spans the originally allocated resource for corresponding PUSCH transmission. 
For these two options, it is evident that Option 1 can simplify the implementation and minimize specification effort. However, careful study is needed on the comparison of PAPR/CM performance for these two options for DMRS design. 
In addition, when extended resource is applied for FDSS-SE scheme, transmit power control mechanism for the PUSCH transmission may need to be updated. In particular, total number of PRBs including extended resource may be used to determine the transmit power for PUSCH transmission with FDSS-SE scheme. 
Based on the discussions above, the following potential specification impact may need to be further studied for FDSS-SE scheme.
· Signalling mechanism for frequency resource.
· DMRS design 
· Transmit power control mechanism 
Proposal 1
· Further study the following potential specification impact for FDSS-SE scheme 
· Signalling mechanism for frequency resource.
· DMRS design 
· Transmit power control mechanism 

Simulation results
Link level simulation results for FDSS scheme
In this section, we present link level simulation results for PUSCH with FDSS with and without spectrum extension. In the simulations, 3-tap pulse shaping filter (PSF) and conventional root-raised cosine (RRC) filter were assumed as spectrum shaping filters for DFT-s-OFDM waveform. For pulse shaping filter, coefficients of [0.335, 1, 0.335] and [0.28, 1, 0.28] were considered. For RRC filter, the roll-off factor is denoted as . In the simulation, it is further assumed extension factor () for FDSS-SE scheme is equivalent to roll-off factor . 
Figure 2 illustrates frequency response of these two spectrum shaping filters for FDSS schemes. The detailed simulation assumptions are listed in Table 1 in the Appendix.
 [image: ]
[bookmark: _Ref118407055]Figure 2. Spectrum shaping filter for FDSS 

Impact of extension factor
Figure 3 and Figure 4 illustrate link level simulation results for PUSCH with FDSS with and without spectrum extension for different extension factors for π/2 BPSK and QPSK when PSF with coefficients [0.28 1 0. 28] and [0.335 1 0. 335], respectively. In the simulations, a SNR correction factor based on extension factor  is applied by considering the extended resource allocated for PUSCH transmission for a fair comparison between FDSS with and without spectrum extension. 
From the figures, it can be observed that 
· Performance gap between FDSS schemes with and without SE, and conventional DFT-s-OFDM waveform for π/2 BPSK is larger than that for QPSK. In particular, a range of [~0.4, ~1.1] dB performance degradation can be observed for π/2 BPSK, while a range of [~1.4, ~2.0] dB performance degradation can be observed for QPSK.
· For π/2 BPSK, FDSS without SE can deliver better link level performance compared to FDSS with SE for different extension factors. For QPSK, FDSS with SE can perform better than FDSS without SE when PSF with coefficient [0.335 1 0. 335] and extension factor  are applied.
· For FDSS-SE scheme with both PSF coefficients [0.28 1 0. 28] and [0.335 1 0. 335], ~0.7dB performance difference across different extension factors can be observed for both π/2 BPSK and QPSK. Extension factor  performs worse compared to  and 
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[bookmark: _Ref118613888]Figure 3. LLS results for FDSS with and without SE for different extension factors (PSF = [0.28 1 0. 28])
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[bookmark: _Ref118614012]Figure 4. LLS results for FDSS with and without SE for different extension factors (PSF = [0.335 1 0. 335])
Observation 1:
· Performance gap between FDSS schemes with and without SE, and conventional DFT-s-OFDM waveform for π/2 BPSK is larger than that for QPSK. In particular, a range of [~0.4, ~1.1] dB performance degradation can be observed for π/2 BPSK, while a range of [~1.4, ~2.0] dB performance degradation can be observed for QPSK.
· For π/2 BPSK, FDSS without SE can deliver better link level performance compared to FDSS with SE for different extension factors. For QPSK, FDSS with SE can perform better than FDSS without SE when PSF with coefficient [0.335 1 0. 335] and extension factor  are applied.
· For FDSS-SE scheme with both PSF coefficients [0.28 1 0. 28] and [0.335 1 0. 335], ~0.7dB performance difference across different extension factors can be observed for both π/2 BPSK and QPSK. Extension factor  performs worse compared to  and .

Impact of shaping filter
Figure 5 illustrates link level simulation results for PUSCH with FDSS with and without spectrum extension for different shaping filters for π/2 BPSK and QPSK, respectively. In the simulations, it is assumed extension factor  . From the figures, it can be observed that
· For π/2 BPSK, performance gap for FDSS with SE with different shaping filters is relatively small. However, for QPSK, performance gap for FDSS with SE with different shaping filters can be as large as ~0.9dB. In particular, RRC filter performs better than PSF for QPSK.
· For π/2 BPSK, performance gap for different shaping filters is relatively small for either FDSS with or without SE. However, for QPSK, performance gap for different coefficients can be ~0.6dB for either FDSS with or without SE. 
[image: ]
[bookmark: _Ref118617053]Figure 5. LLS for FDSS with and without SE for different shaping filters
Observation 2:
· For π/2 BPSK, performance gap for FDSS with SE with different shaping filters is relatively small. However, for QPSK, performance gap for FDSS with SE with different shaping filters can be as large as ~0.9dB. In particular, RRC filter performs better than PSF for QPSK.
· For π/2 BPSK, performance gap for different shaping filters is relatively small for either FDSS with or without SE. However, for QPSK, performance gap for different coefficients can be ~0.6dB for either FDSS with or without SE.

PAPR and CM analysis for FDSS scheme
In this section, we present PAPR and CM analysis for FDSS with and without spectrum extension, including symmetric and cyclic extension. In addition, the impact of extension factor and shaping filter on PAPR/CM performance for FDSS schemes is provided. 
FDSS-SE with symmetric and cyclic extension
Figure 6 and Figure 7 illustrate PAPR and CM performance for FDSS with and without SE using different types of extensions for π/2 BPSK and QPSK modulation schemes, respectively. In the simulations, it is assumed extension factor  and PSF with coefficient [0.335 1 0.335]. 
From the figures, it can be observed that 
· FDSS with symmetric extension consistently performs better than FDSS-SE without SE for PAPR and CM reduction. In particular, the PAPR improvements are ~4.4 dB and ~4 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively. In addition, the PAPR improvements are ~3 dB and ~4.6 dB for FDSS with cyclic extension compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively. 
· The CM improvements are ~1.35 dB and ~0.7 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively. For FDSS-SE with cyclic extension, the CM performance is worse than the conventional DFT-s-OFDM waveform for π/2 BPSK, and for QPSK ~0.7 dB improvement is observed.
[image: ]
[bookmark: _Ref118459674]Figure 6. PAPR for FDSS with and without SE ( and PSF = [0.335 1 0.335])
[image: ]
[bookmark: _Ref118459670]Figure 7. CM for FDSS with and without SE ( and PSF = [0.335 1 0.335])
Observation 3:
· When FDSS-SE with symmetric extension is applied for PUSCH transmission, PAPR and CM reduction can be observed compared to conventional DFT-s-OFDM waveform.
· For π/2 BPSK, FDSS-SE with symmetric extension and FDSS without SE can provide better PAPR/CM reduction compared to FDSS-SE with cyclic extension. 
· For QPSK, FDSS-SE with both symmetric and cyclic extension can provide better PAPR/CM reduction compared to FDSS without SE. 

Impact of extension factor
Figure 9 and Figure 10 illustrate PAPR and CM performance for FDSS with and without SE using different extension factors for π/2 BPSK and QPSK modulation schemes, respectively. In the simulations, it is assumed extension factor = [1/8, 1/4, 3/8] and PSF with coefficient [0.335 1 0.335]. 
From the figures, it can be observed that 
· PAPR improvement is ~4.4 dB and CM improvement is ~1.35 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform for π/2 BPSK. In addition, impact of extension factor is negligible for FDSS-SE with symmetric extension for π/2 BPSK. For QPSK, FDSS-SE with cyclic extension,  = 1/4 and 3/8 provides a PAPR improvement of ~4.6 dB compared to conventional DFT-s-OFDM waveform. 
· FDSS-SE with symmetric extension and = 1/4 and 3/8 provides a PAPR improvement of ~4 dB and ~4.4 dB compared to conventional DFT-s-OFDM waveform. Further, FDSS-SE with cyclic and symmetric extension and = 3/8 provide a similar CM improvement of ~1.1 dB compared to conventional DFT-s-OFDM waveform.

[image: ]
Figure 8. PAPR for FDSS with and without SE for different extension factors (PSF = [0.335 1 0.335])
[image: ]
[bookmark: _Ref118470271]Figure 9. CM for FDSS with and without SE for different extension factors (PSF = [0.335 1 0.335])
Observation 4:
· For π/2 BPSK, FDSS-SE with symmetric extension and FDSS without SE provide higher PAPR and CM reduction than FDSS-SE with cyclic extension for different extension factors.
· For QPSK, FDSS-SE with symmetric extension provides similar PAPR and CM reduction as FDSS-SE with cyclic extension for different extension factors. Both FDSS-SE schemes perform better than FDSS without SE for PAPR/CM reduction. 
· A significant impact of extension factor on CM improvement can be observed for QPSK modulation scheme, where CM difference between extension factor of 1/8 and 3/8 for FDSS-SE schemes can be ~0.8dB. 

Impact of shaping filter
Figure 10 and Figure 11 illustrate PAPR and CM performance for FDSS with and without SE using different shaping filters for π/2 BPSK and QPSK modulation schemes, respectively. In the simulations, it is assumed extension factor α = 1/4. Performance of RRC filter with roll off factor of 1/4, pulse shaping filter (PSF) with coefficient [0.335 1 0.335] and [0.28 1 0.28] is compared. 
From the figures, it can be observed that 
· PAPR improvement is ~4.6 dB and CM improvement is ~1.35 dB for FDSS-SE with symmetric extension, and PSF with coefficient [0.335 1 0.335] compared to conventional DFT-s-OFDM waveform for π/2 BPSK. For QPSK, FDSS-SE with cyclic extension, PSF with coefficient [0.335 1 0.335] and [0.28 1 0.28] provides a PAPR improvement of ~4.6 dB and 4.4 dB respectively, compared to conventional DFT-s-OFDM waveform. 
· FDSS-SE with symmetric extension, and PSF with coefficient [0.28 1 0.28] provides a PAPR improvement of ~4 dB and ~3.8 dB respectively, compared to conventional DFT-s-OFDM waveform. FDSS-SE with cyclic extension, PSF with coefficient [0.335 1 0.335] and RRC ( = 1/4), provides a similar CM improvement of ~1 dB compared to conventional DFT-s-OFDM waveform. For CM reduction, performance of FDSS-SE with symmetric extension and PSF with coefficient [0.335 1 0.335] and RRC (β = 1/4), is fairly close to FDSS-SE with cyclic extension. 
[image: ]
[bookmark: _Ref118470278]Figure 10. PAPR for FDSS with and without SE for different shaping filters
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[bookmark: _Ref118470585]Figure 11. CM for FDSS with and without SE for different shaping filters
Observation 5:
· For π/2 BPSK, FDSS-SE with symmetric extension and FDSS without SE provide higher PAPR and CM reduction than FDSS-SE with cyclic extension for different shaping filters.
· For QPSK, FDSS-SE with symmetric extension provides similar PAPR and CM reduction as FDSS-SE with cyclic extension for different shaping filters. Both FDSS-SE schemes perform better than FDSS without SE. 
· For π/2 BPSK, PSF with coefficient [0.335 1 0.335] can provide better PAPR/CM reduction compared to other shaping filters, assuming the same extension factor.
· For QPSK, PSF with coefficient [0.28 1 0.28] and RRC filter with  can provide better PAPR/CM reduction compared to PSF with coefficient [0.335 1 0.335], assuming the same extension factor.

Based on the link level simulation results and PAPR/CM analysis for FDSS with and without SE, including symmetric and cyclic extension schemes, and for various extension factors and shaping filters, in general, FDSS with SE can provide higher PAPR/CM reduction compared to FDSS without SE. However, in some cases, FDSS with SE may deliver worse link level than FDSS without SE. In our view, further study is needed for the comparison between FDSS with and without SE, with the consideration of the trade-off between PAPR/CM reduction, BLER performance degradation, system level performance and specification impact.
Proposal 2:
· Further study FDSS with and without SE for DFT-s-OFDM waveform, including symmetric and cyclic extension, with the consideration of the trade-off between PAPR/CM reduction, BLER performance degradation, system level performance and specification impact.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on power domain enhancement. Further, we summarize the observations and proposals as follows:
Observation 1:
· Performance gap between FDSS schemes with and without SE, and conventional DFT-s-OFDM waveform for π/2 BPSK is larger than that for QPSK. In particular, a range of [~0.4, ~1.1] dB performance degradation can be observed for π/2 BPSK, while a range of [~1.4, ~2.0] dB performance degradation can be observed for QPSK.
· For π/2 BPSK, FDSS without SE can deliver better link level performance compared to FDSS with SE for different extension factors. For QPSK, FDSS with SE can perform better than FDSS without SE when PSF with coefficient [0.335 1 0. 335] and extension factor  are applied.
· For FDSS-SE scheme with both PSF coefficients [0.28 1 0. 28] and [0.335 1 0. 335], ~0.7dB performance difference across different extension factors can be observed for both π/2 BPSK and QPSK. Extension factor  performs worse compared to  and .
Observation 2:
· For π/2 BPSK, performance gap for FDSS with SE with different shaping filters is relatively small. However, for QPSK, performance gap for FDSS with SE with different shaping filters can be as large as ~0.9dB. In particular, RRC filter performs better than PSF for QPSK.
· For π/2 BPSK, performance gap for different shaping filters is relatively small for either FDSS with or without SE. However, for QPSK, performance gap for different coefficients can be ~0.6dB for either FDSS with or without SE.
Observation 3:
· When FDSS-SE with symmetric extension is applied for PUSCH transmission, PAPR and CM reduction can be observed compared to conventional DFT-s-OFDM waveform.
· For π/2 BPSK, FDSS-SE with symmetric extension and FDSS without SE can provide better PAPR/CM reduction compared to FDSS-SE with cyclic extension. 
· For QPSK, FDSS-SE with both symmetric and cyclic extension can provide better PAPR/CM reduction compared to FDSS without SE. 
Observation 4:
· For π/2 BPSK, FDSS-SE with symmetric extension and FDSS without SE provide higher PAPR and CM reduction than FDSS-SE with cyclic extension for different extension factors.
· For QPSK, FDSS-SE with symmetric extension provides similar PAPR and CM reduction as FDSS-SE with cyclic extension for different extension factors. Both FDSS-SE schemes perform better than FDSS without SE for PAPR/CM reduction. 
· A significant impact of extension factor on CM improvement can be observed for QPSK modulation scheme, where CM difference between extension factor of 1/8 and 3/8 for FDSS-SE schemes can be ~0.8dB. 
Observation 5:
· For π/2 BPSK, FDSS-SE with symmetric extension and FDSS without SE provide higher PAPR and CM reduction than FDSS-SE with cyclic extension for different shaping filters.
· For QPSK, FDSS-SE with symmetric extension provides similar PAPR and CM reduction as FDSS-SE with cyclic extension for different shaping filters. Both FDSS-SE schemes perform better than FDSS without SE. 
· For π/2 BPSK, PSF with coefficient [0.335 1 0.335] can provide better PAPR/CM reduction compared to other shaping filters, assuming the same extension factor.
· For QPSK, PSF with coefficient [0.28 1 0.28] and RRC filter with  can provide better PAPR/CM reduction compared to PSF with coefficient [0.335 1 0.335], assuming the same extension factor.
Proposal 1
· Further study the following potential specification impact for FDSS-SE scheme 
· Signalling mechanism for frequency resource.
· DMRS design 
· Transmit power control mechanism 
Proposal 2:
· Further study FDSS with and without spectrum extension for DFT-s-OFDM waveform, including symmetric and cyclic extension, with the consideration of the trade-off between PAPR/CM reduction, BLER performance degradation and specification impact.
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Appendix
[bookmark: _Ref115103226]Table 1. Simulation assumptions
	Parameters
	Values

	Physical channel
	PUSCH

	Carrier frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)

	Bandwidth
	4 GHz – 100MHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	MCS and TBS
	π/2 BPSK: MCS 1 and TBS 704 bits
QPSK: MCS 5 and TBS 1736 bits

	Resource allocation
	14 symbols, 16 PRB (excluding extended resource for FDSS-SE) for both π/2 BPSK and QPSK

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel
	TDL-C 300 ns

	UE velocity
	3km/h for indoor

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	2 symbols

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	MMSE based channel estimation

	Performance metrics
	For eMBB, 10% iBLER

	Extension factor 
	1/8, 1/4, 3/8
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