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1. Introduction
[bookmark: _Hlk221026173]37 Tdocs were submitted (including one submitted to the top-level agenda item 10.2 and one submitted a week after the submission deadline) with a total of 577 pages, of which consist of 266 observations and 239 proposals spanning 35 pages. This contribution acts as a platform to facilitate discussions on various topics raised in these conributions.
Tentative schedule for waveform sessions (v01):
· [Offline] Tuesday 11:00-11:40 (40min)
· [Online] Tuesday 12:00-13:00 (60min)
· [Online] Wednesday 9:30-10:30 (60min)
· [Offline] Wednesday 15:50-16:30 (40min)
· [Online] Thursday 14:30-15:30 (60min)
· [Offline] Thursday 17:40-18:30 (50min)
· [Online] Friday 9:30-10:30 (60min)
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3. Requirements and Baseline waveform
	[1]
	R1-2600027
	On remaining aspects of waveform for 6GR
	Nokia

	
	Baseline communication waveform
Proposal 1: CP-OFDM waveform as defined in 5G NR is supported for communications in 6G downlink.
· Enhancements/modifications on CP-OFDM will be studied as potential additions
· DFT-s-OFDM or any other OFDM-based waveform will be studied as a potential additional waveform for downlink
Proposal 2: CP-OFDM and DFT-s-OFDM waveforms as defined in 5G NR are supported for communications in 6G uplink.
· Enhancements/modifications on CP-OFDM/DFT-s-OFDM will be studied as potential additions
· Other OFDM based waveforms are not precluded as potential additions.
· Clarify the role of each of CP-OFDM and DFT-s-OFDM


	[3]
	R1-2600188
	On waveform enhancements/additions for 6G Radio
	OPPO

	
	Proposal 1: The study on 6GR waveform enhancements focuses on the requirements of 6G TN communication (i.e., eMBB and 6G IoT). 
· Strive for reusing the 6G TN communication waveform for NTN. 
· Consider an NTN-specific waveform enhancement when a substantial performance gain is justified. 
· The NTN-specific waveform enhancement, if accepted, is not used for 6G TN communication.
Proposal 2: Study on waveform enhancements or additional waveform for 6G Sensing in the Sensing agenda. 
· Strive for reusing the 6G TN communication waveform for 6G Sensing. 
· The Sensing-specific waveform enhancement or additional waveform can be considered if substantial gain over the TN communication waveform can be justified. 
· The Sensing-specific waveform enhancement or additional waveform, if accepted, is not used for 6G communication.
Proposal 3: For studying the waveform enhancements for 6GR, besides the evaluation of spectrum efficiency and coverage, the following should also be considered:
· NW and UE side complexity.
· Compatibility and neutrality for proposals in other areas, i.e., no restriction to or bundling with specific proposals for 6G MIMO, modulation, channel coding, AI/ML enhancements, etc.
· Support flexible frequency-domain (e.g., RB-level) and time-domain (e.g., symbol-level) resource allocation.
· Support of efficient 5G/6G spectrum sharing.
Proposal 4: For 6GR TN communication, support up to 2 waveforms in DL and up to 2 waveforms in UL, e.g., one optimized for spectrum efficiency, one optimized for coverage.
· At least 1 waveform in DL and 1 waveform in UL are mandatorily supported for all device types, e.g., CP-OFDM in DL and DFT-s-OFDM in UL.
Proposal 5: Only one DL waveform is supported for 6GR initial access procedure.

	[5]
	R1-2600255
	Discussion on waveform for 6GR air interface
	THALES

	
	Proposal 1: RAN1 to investigate the performance of candidate waveforms under varying carrier frequency and time offsets inherent to satellite links, specifically considering scenarios with significant uncertainty in the UE’s position. This study will focus on conditions relevant to GNSS-free physical layer operation, aiming to identify robust waveform solutions suitable for environments with no GNSS availability.
Proposal 2: Identify the set of NTN scenarios/use cases for which is beneficial to use DFT-s-OFDM in DL.
Proposal 3: RAN1 to study the performance of DFT-s-OFDM in the downlink for non-terrestrial network (NTN)-based 6G radio access.


	[7]
	R1-2600295
	Discussions on waveform for 6GR
	CATT

	
	Proposal 1: Lower PAPR schemes shall be studied due to following aspects in 6GR:
· Larger FFT size (e.g. from 4096 to 8192 or 16384)
· Larger transmission channel bandwidth
· Increased downlink free space path loss in NTN due to large propagation distance.

	[9]
	R1-2600384
	Discussion on the waveform design for 6G radio
	CMCC

	
	Proposal 1. CP-OFDM and DFT-s-OFDM waveforms as defined in 5G NR are supported for 6GR uplink.
· Enhancements/modifications on CP-OFDM/DFT-s-OFDM will be studied as potential additions
Proposal 2. CP-OFDM waveform as defined in 5G NR is supported for 6GR downlink.
· Enhancements/modifications on CP-OFDM will be studied as potential additions
Proposal 6. The proponents of non-OFDM based waveform are recommended to provide comprehensive air-interface design related to the proposed waveform, with proper evaluations according to the key requirements of 6GR.

	[12]
	R1-2600572
	Discussion on Waveform for 6GR Air Interface
	IMU, Turkcell

	
	Proposal 1: 	Define PAPR evaluation for 6G RAN over the composite transmitted waveform, including mixed numerologies and non-payload components (reference signals, pilots, control, and optional sensing components), to correctly capture PA back-off requirements and realistic efficiency/coverage trade-offs.

Proposal 2: 	Enable composite-aware PAPR reduction mechanisms that preferentially exploit non-payload degrees of freedom, including inter-numerology degrees of freedom, while maintaining payload transparency targets (for example, EVM and BLER neutrality) and compliance with spectral constraints.

Proposal 3: 	For ISAC scenarios, allow the sensing component (or other auxiliary component) to be adjusted (for example, time-segmented complex scaling) to reduce composite PAPR while respecting auxiliary-function KPIs (range/Doppler resolution and sidelobe control) and OOBE constraints.

Proposal 4: 	Assess transparent versus signaled operation for composite-aware PAPR reduction. If transparency is feasible (for example, via equalization absorption for bounded phase factors), prioritize it to avoid overhead. If signaling is required, constrain it to low-overhead indices and bounded parameterization, and evaluate the trade-off jointly with complexity and receiver robustness. 

Proposal 6: 	Study coexistence mechanisms beyond strict block-based orthogonalization. In particular, enable (i) overlapping time-frequency occupancy under controlled rules, and (ii) frame-spanning transmission for spread waveforms (e.g., OTFS/OTSM/OCDM) to preserve delay/Doppler resolution, with structured mapping in the logical domain to manage interference and scheduling constraints.

Proposal 7: 	Define a coexistence evaluation methodology that jointly measures link performance (BER/EVM/BLER), sensing KPIs (e.g., range/velocity RMSE where relevant), OOBE/INI/ACI, control overhead, and receiver complexity, and quantifies the cost-benefit tradeoff of guards versus structured spreading/windowing (including adaptive windowing across the grid). For low-power coexistence, include receiver-burden metrics (sampling/FFT requirements, synchronization burden) and benchmark against LPWAN-like baselines where applicable.


	[bookmark: _Hlk221179640][13]
	R1-2600584
	Discussion on 6G Waveform
	NEC

	
	Proposal 3: 6GR strives for a unified waveform baseband generation and upconversion for all channels and signals including PRACH.

	[18]
	R1-2600801
	Waveform for 6GR air interface
	InterDigital, Inc.

	
	6GR DL and UL baseline waveforms
Proposal 1: CP-OFDM is the only downlink waveform for 6GR; do not support additional DL waveforms
Proposal 2: CP-OFDM and DFT-s-OFDM are the only waveforms for uplink. Study enhancements for PAPR reduction for DFT-s-OFDM.
Proposal 3: Waveform for sensing is not covered in Agenda Item 11.3.1 and shall be studied separately in Agenda Item 11.14.

	[22]
	R1-2600999
	Discussion on 6GR waveform
	ETRI, University of Surrey

	
	Proposal 1. RAN1 to explicitly capture pros and cons of potential new or enhanced waveform candidates as summarized in the FLS.
· Simple re-use of NR CP-OFDM and DFT-s-OFDM without any official RAN1 observation is NOT recommended, given that a number of contributions have been submitted during three WG meetings with in-depth assessments on the waveform candidates.

	[25]
	R1-2601080
	Discussion on Waveform for 6GR
	Lenovo

	
	Proposal 3: The study and evaluation of waveform enhancements should focus on CM characteristic of the waveform
Proposal 4: When evaluating CP-OFDM and DFT-s-OFDM waveform enhancements techniques, the added complexity for both UE and BS, spectral efficiency loss, and the impact on signal quality should be reported for each technique.  

	[28]
	R1-2601113
	Discussion on waveform for 6GR air interface
	Panasonic

	
	Proposal 1: 6GR should allow certain time / frequency resources can be different waveform for forward compatibility perspective and to support MRSS.
Proposal 2: For 6GR waveform design, time/frequency grid should be allowed to be aligned and orthogonal with NR boundary.
Proposal 3: OFDM-based waveform should be supported for 6GR.
· The definition of “OFDM-based” is to have subcarrier mapping and IFFT to generate time-domain signal.
Proposal 4: Striving for OFDM-based waveforms across all the identified use cases can be sufficient at least for 6G Day 1.
Proposal 5: Any enhancements to CP-OFDM or DFT-s-OFDM and/or any newly introduced waveform must demonstrate clear and justified advantages over 5G waveform. This is not limited to 6G Day 1 assuming such enhancement is introduced only for CONNECTED mode.

	[bookmark: _Hlk221227445][32]
	R1-2601212
	Discussion on waveform for 6GR air interface
	Pengcheng Laboratory

	
	Proposal 2: Incorporate the following metrics into the system-level simulation evaluation metrics for waveforms: peak spectral efficiency, user plane latency and reliability, area spectral efficiency and average spectral efficiency, the 5th percentile user spectral efficiency, sensing performance, and energy efficiency. Where comparisons should be conducted based on identical simulation conditions. 
Proposal 3: In line with the previous meeting’s emphasis on high-speed train and highway scenarios, we propose to mandate high-mobility evaluations in waveform studies. UE speeds of 200 km/h and 500km/h should be considered for all uplink low-PAPR proposals to evaluate Doppler robustness and channel estimation impact.
	
	3GPP 6GR

	Carrier frequency and scenario
	4GHz

	Channel BW
	At least 100MHz for Urban (4GHz)

	Occupied BW
	To be discussed with detailed simulation assumptions

	SCS
	30 kHz for 4GHz

	Channel model
	TDL-C 300ns for 4GHz

	UE speed
	3km/h(pedestrian), 
200km/h(highway), 
500km/h(high-speed train)

	Number of Tx antennas for TDL channel
	1

	Number of Rx antennas for TDL channel
	1 and 4 for 4GHz 

	Number of DMRS symbols/slot (location as defined in NR)
	2

	Number of PUSCH data symbols/slot
	12

	HARQ configuration
	No retransmissions

	Frequency hopping
	Disabled



Proposal 4: Waveform design for 6GR must explicitly account for ISCI in high-mobility scenarios. This includes evaluating candidate waveforms under time-frequency doubly-selective channels (e.g., CDL/TDL models with high Doppler) and reporting BER/SER floors and sensing accuracy degradation as key metrics.



4. PAPR reduction
4.1. UL DFT-s-OFDM PAPR reduction
	[1]
	R1-2600027
	On remaining aspects of waveform for 6GR
	Nokia

	
	Low PAPR for coverage extension
Proposal 5: Proposed low PAPR methods are compared using net gains and assuming similar spectral efficiency and bandwidth for each compared method and used baseline.
Proposal 6: RAN1 to discuss further the methodology for comparison of low PAPR methods.
Proposal 7: Transparent filtering approach (receiver does not need to be aware of the used filter parameters) is assumed for FDSS and FDSS-SE in 6G Radio.
Proposal 8: Frequency Domain Spectrum shaping (FDSS) and FDSS with spectrum extension (FDSS-SE) are supported in 6G Radio.
Proposal 9: High power class should be the baseline for 6G due to significant enhancement in coverage.
Proposal 10: Power boosting features such as the ones specified in NR should be part of the baseline for 6G.
Proposal 11: Dynamic waveform switching using DCI is introduced to 6G in the first release

	[2]
	R1-2600138
	Waveform for 6GR air interface
	Huawei, HiSilicon

	
	Proposal 1:  Support I/Q-offset DFT-s-OFDM as a lower PAPR waveform candidate for further RAN4 evaluations.
Proposal 2:  RAN1 can start discuss the potential spec impact of low PAPR waveform enhancement schemes, including but not limited to
· Candidate spectrum adjustment ratios
· Determination of spectrum adjustment ratios
· TB size calculation 
· Multi-user overlap 
Proposal 3:  Adopt Table 11 to characterize I/Q-offset DFT-s-OFDM as a RAN1 observation.

	[3]
	R1-2600188
	On waveform enhancements/additions for 6G Radio
	OPPO

	
	Proposal 8: For Net Gain evaluation for uplink low-PAPR proposals, check and compare the results from different proponents, and identify whether more aligned parameter combinations need to be identified to draw the conclusion.
Proposal 9: Prioritize the implementation-based schemes without specification impacts.
· Study additional gain from schemes with specification impacts.

	[4]
	R1-2600239
	Discussion on waveform for 6GR
	LG Electronics

	
	Proposal 3: Study and evaluate uplink DM‑RS sequence designs with lower PAPR that can better align with the PAPR reduction achieved for the shared channel under FDSS SE.

	[6]
	R1-2600261
	Views on the waveform for 6G
	ZTE Corporation, Sanechips

	
	Proposal 1: For uplink low-PAPR proposals, the existing sub-6 GHz PA model from RAN4 (R4-163314) can be reused as baseline.
Proposal 3: To maintain same spectral efficiency in evaluation for both DL and UL low-PAPR proposals, it’s recommended to keep the same TB size for both candidate and baseline waveforms with adjusting code rate based on extension/truncation ratio.

	
	Proposal 5: Tone reservation can be considered in 6G as a low-complexity scheme to achieve Net Gain for UL with DFT-s-OFDM.

	
	Proposal 6: The FDSS with additional operation can be considered for UL PAPR reduction.
Proposal 7: I-modulation  scheme for π/2-BPSK/QPSK/QAM should be considered to reduce PAPR for DFT-s-OFDM..
Proposal 8: To improve coverage, FDSS-TR should be considered in 6G waveform design.

	[7]
	R1-2600295
	Discussions on waveform for 6GR
	CATT

	
	Proposal 6: Both symmetric and asymmetric FDSS-SE for DFT-s-OFDM can be supported in 6GR‌.
Proposal 7: For UL low-PAPR proposals with spectrum extension, the granularity of both A and B is assumed as RB level, and A is determined based on B as followings:
· For asymmetry spectrum extension
 RBs
· For symmetry spectrum extension
If B is even 
   % note: A is also even
Else
 . %note: A is also odd.

Proposal 8: For multi-user case of UL low-PAPR, supporting UE to perform dynamic adjustment of spectrum extension with symmetric way, or asymmetric way, or no spectrum extension according to expected PAPR value.
Proposal 9: Study and consider 32‑QAM as a candidate modulation for 6GR, particularly for power‑limited and medium‑SNR operation.
Proposal 10: RAN1 should continue the study of π/2 BPSK frequency-domain truncation for uplink DFT-s-OFDM, including (i) single-user evaluation of truncation rates, mapping/reconstruction rules, required signaling (if any), and the SE–PAPR trade-off, and (ii) multi-user evaluation of coexistence under practical scheduling/multiplexing, including avoidance/management of mapping conflicts and any additional coordination/signaling needed for reliable per-UE reconstruction.
Proposal 15: For improving spectrum efficiency, the multiplexing between DMRS and DFT-S-OFDM PUSCH data on a symbol can be studied.

	[9]
	R1-2600384
	Discussion on the waveform design for 6G radio
	CMCC

	
	Proposal 3. The study focuses on PAPR reduction for DFT-s-OFDM waveform.
Proposal 4. The proposed design of FDSS and tone reservation should clarify the difference and improvement comparing to the corresponding work already been done for NR.
Proposal 5. The MCSs used in the link-level evaluations of PAPR reduction techniques should satisfied the required 5th percentile user spectral efficiency in IMT-2030 requirements.

	[10]
	R1-2600424
	Further discussion on 6GR waveform
	Xiaomi

	
	Proposal: RAN1 further studies different filters including Kaiser filter and 3-tap filter for FDSS-SE based UL low PAPR waveform based on both net gain and implementation burden in both single UE and multi UE cases including how to improve net gain using interference mitigation techniques in multi UE case.

	[11]
	R1-2600499
	Discussion on Waveform for 6GR air interface
	vivo

	
	Proposal 1:	For PAPR reduction, taking CFR or CFR based optimization as basis for study.
Proposal 2:	The spectrum extension of CFR-SE can be shared by UEs which can improve network spectrum efficiency. 
Proposal 3:	Study AI/ML based scheme for low PAPR waveform enhancement.

	[13]
	R1-2600584
	Discussion on 6G Waveform
	NEC

	
	Proposal 1: Technical discussions and any future evaluations regarding the support of DL DFT-s-OFDM or FDSS enhancements should prioritize the agreed 6GR baseline parameters, including the specific PRB allocations and the 4 GHz Urban deployment scenario.

	
	Proposal 4: Study the use of Frequency Domain Spectrum Shaping (FDSS) for DFT-s-OFDM in the 6GR uplink to enhance coverage and power efficiency.
Proposal 5: The evaluation of FDSS enhancements should incorporate a realistic PA model, following the parameters defined in Option 2 of the 6GR system-level configurations, and must be validated against the full suite of agreed RF metrics, including ACLR, EVM, and IBE
Proposal 6: Study a non-transparent FDSS operation for 6GR, including the signaling of the applied shaping filter to the receiver. The technical merits of this scheme should be quantified using the agreed metric of Net gain @ 10% BLER to ensure a balanced assessment of coverage gains against potential spectral efficiency impacts.

	[15]
	R1-2600627
	Waveform for 6GR Air Interface
	Google

	
	Proposal 3: The further study for UL waveform should consider the pratical impacts on uplink transmission power, e.g., port-specific power backoff.

	[16]
	R1-2600716
	Discussions on 6G Waveforms
	Lekha Wireless Solutions

	
	Proposal 6: UE transmit power is limited; hence uplink need waveforms with low PAPR for efficient PA usage, robust to mobility, CFO, and Doppler and need spectral efficiency and coexistence with other UL transmissions. Enhancements to current waveforms can be done using windowing and filtering techniques, CP length variations, SC-FDMA variants, and DFT-s-OFDM.
Proposal 7: Due to restricted power requirements in uplink, DFT-s-OFDM was chosen for LTE UL instead of plain OFDM because it already offers lower PAPR. Still, additional PAPR reduction techniques are desired. Some good PAPR reduction techniques include DFT precoding, sub-carrier mapping, tone reservation or injection, clipping and filtering, selective mapping, partial transmit sequence, and precoding-based techniques.
Proposal 8: TR provides measurable PAPR reduction while causing minimal degradation to BER compared to the baseline DFT-s-OFDM. Spectrum truncation-based methods in conjunction with TR do not give much PAPR reduction without causing severe BER degradation. Zadoff–Chu precoding yields modest PAPR improvement with increased processing complexity, and its hybridization with tone reservation offers limited additional benefit. In contrast, π/2-BPSK modulation significantly reduces PAPR without affecting BER performance. The hybrid π/2-BPSK + TR scheme achieves the lowest PAPR among all evaluated DFT-s-OFDM techniques while preserving BER transparency.
Proposal 9: UL DFT-s-OFDM with Rank > 1 offers a practical means to extend uplink throughput while preserving low PAPR and high PA efficiency. Practical deployments are recommended up to Rank = 2, balancing efficiency, complexity, and link performance relative to CP-OFDM with higher ranks.

	[17]
	R1-2600751
	Discussion on waveform for 6GR
	Samsung

	
	UL DFT-s-OFDM PAPR reduction with FDSS
Observation 1: Frequency domain spectrum shaping with the half-sine pulse filter for π/2-BPSK transmission achieves very low PAPR of below 1 dB. 
Observation 2: Half-sine pulse filter can satisfy 3GPP in-band emission requirement, so the effective occupied bandwidth does not increase.
Observation 3: PAPR gain translates into large coverage gain when FDSS is applied with filter knowledge at the receiver side.
· Unless the filter is specified, the benefit from applying FDSS on DFT-s-OFDM is limited  
Proposal 1: Support non-spec-transparent frequency domain spectrum shaping (FDSS) on DFT-s-OFDM to reduce PAPR for 6GR UL coverage enhancement
· Identify and study filter design candidates to maximize the resulting PAPR reduction

	[17]
	R1-2600751
	Discussion on waveform for 6GR
	Samsung

	
	AI-based waveform for PAPR reduction
Observation 8: The key differentiator between UE-side and two-sided models is the NW-side complexity rather than inter-vendor collaboration, which can be addressed through reference model specification for both architectures.
Observation 9: Two-sided models achieve ~4.3 dB PAPR gain over DFT-s-OFDM, while UE-side models achieve ~2.3 dB gain. Both maintain BLER similar to DFT-s-OFDM.
Observation 10: UE-side models (Approach 2) offer advantages in terms of NW complexity and backward compatibility, as the NW can reuse existing DFT-based receiver without requiring dual waveform support or NN-based processing.
Proposal 6: Study AI-based reduced PAPR waveform for 6GR, considering the trade-off between PAPR reduction gain and NW-side complexity. Reference model specification should be considered to ensure interoperability and simplify the implementation of both UE-side and two-sided architectures.

	[bookmark: _Hlk221225657][18]
	R1-2600801
	Waveform for 6GR air interface
	InterDigital, Inc.

	
	Net gain evaluation results for PAPR reduction techniques for UL DFT-s-OFDM
Observation 3: For Rx=1 and B=8, 64, 128 and 256, the extension factor of 1/4 for DFT-s-OFDM with FDSS-SE consistently yields positive net gain and superior performance over DFT-s-OFDM with FDSS
Observation 4: For Rx=1 and B=8, 64, 128 and 256, the extension factor of 3/8, 7/16 or 1/2 for DFT-s-OFDM with FDSS-SE consistently yields negative or no net gain and inferior performance over DFT-s-OFDM with FDSS
Observation 5: For Rx=4 and B=8, 64, 128 and 256, the extension factor of 1/4 for DFT-s-OFDM with FDSS-SE consistently yields positive net gain and superior performance compared to DFT-s-OFDM with FDSS
Observation 6: For Rx=4 and B=8, 64, 128 and 256, the extension factor of 1/2 for DFT-s-OFDM with FDSS-SE consistently yields inferior performance compared to DFT-s-OFDM with FDSS
Proposal 5: Support FDSS with spectrum extension for uplink PAPR reduction for DFT-s-OFDM to achieve the coverage target for 6G


	[19]
	R1-2600823
	On Waveforms for 6GR air interface
	Apple

	
	Proposal 1: The following table details the motivations of  a GMSK-Approximation based FDSS as a low PAPR waveform for 6G
Table 1: Low PAPR Waveform Motivation
	
	Description

	Name of the proposal
	GMSK-Approximation based FDSS

	Motivation of the proposal
	Uplink Coverage Enhancement and Energy Efficiency for a Terrestrial Network, Mitigation of PA non-linearity

	Applicable link direction
	UL

	Enhancement to CP-OFDM?
	No

	Enhancement to DFT-s-OFDM?
	Yes

	Additional OFDM-compatible waveform?
	No

	Target channel(s)/signal(s)
	PUSCH

	Target modulation
	pi/2-BPSK

	Motivation / use case
	Improved Coverage, Energy Efficiency

	Key Metric / KPI
	Net Gain, EVM, IBE, EVM Equalizer Spectrum Flatness

	Key spec impact foreseen
	RAN1: Details of Non-transparent GMSK approximation FDSS 

	MRSS compatibility
	Yes

	Multiplexing/coexistence with other waveforms
	Same as Rel-18 FDSS

	Multi-user multiplexing
	Same as baseline DFT-s-OFDM

	MIMO compatibility
	Same as baseline DFT-s-OFDM



Proposal 2: Study UL π/2-BPSK DFT-s-OFDM with GMSK approximation filters to reach near constant envelope waveform
Proposal 3: Consider non-Transparent schemes in which the FDSS is always known at the Rx.
Proposal 4: Consider near constant envelope waveform and potential impact to RAN4 for example in terms of amount of power boost and associated RF requirement.
· Adopt pi/2-BPSK and DFT-s-OFDM with GMSK approximation framework for uplink coverage enhancement
· Assume PC2 UE with and without power boost

Proposal 5: Based on both the performance gain and the EVM performance, use the non-Transparent scheme. 

	[20]
	R1-2600909
	Waveform for 6GR air interface
	MediaTek Inc.

	
	Proposal 1: As O-QPSK modulated DFT-s-OFDM offers a significant net gain compared to π/2-BPSK modulated DFT-s-OFDM, 6G should support O-QPSK modulated DFT-s-OFDM for UL coverage enhancement.
Proposal 2: Support subcarrier truncation for π/2-BPSK and O-QPSK modulated DFT-s-OFDM to achieve spectral efficiency larger than 1 bit/s/Hz.

	[21]
	R1-2600914
	Study on waveform for 6GR
	Sharp

	
	Proposal 2: For 6GR waveform, RAN1 should support UL DFT-s-OFDM with FDSS for pi/2 BPSK.

	[25]
	R1-2601080
	Discussion on Waveform for 6GR
	Lenovo

	
	Proposal 2: Study enhancing DFT-s-OFDM waveform by incorporating PAPR/CM reduction techniques such as FDSS, DFT precoder extension, etc. 

	[26]
	R1-2601092
	Discussion on waveform for 6GR air interface
	Ofinno

	
	FDSS-SE:
Proposal 1: Multiple values of spectrum extension for FDSS-SE to enable uplink PAPR reduction in different scenarios are supported. 
Proposal 2: Both symmetric and asymmetric FDSS-SE schemes are supported. 
Proposal 3: FDSS-SE is employed for DFT-s-OFDM with at least /2-BPSK and QPSK. 
Frequency domain spectrum truncation (FDST):
Proposal 4: Multiple values of spectrum truncation for FDST to achieve target spectral efficiency in different scenarios are supported. 
Proposal 5: FDST is employed in conjunction with at least FDSS.
Proposal 6: Study feasibility of using FDST with FDSS-SE to achieve reasonable spectral efficiency and uplink PAPR reduction.
Proposal 7: FDST is employed for DFT-s-OFDM with at least /2-BPSK.
Proposal 8: Study feasibility of using FDST for DFT-s-OFDM with other modulation schemes, e.g., QPSK.

	[bookmark: _Hlk221226673][28]
	R1-2601113
	Discussion on waveform for 6GR air interface
	Panasonic

	
	Proposal 6: RAN1 should assess the need to introduce MPR / PAPR reduction techniques, e.g., FDSS-SE targeting coverage enhancement for UL.
Proposal 7: RAN1 should study GMSK approximation proposed in R1-2509110 as one of candidate UL waveforms for MPR / PAPR reduction.

	[bookmark: _Hlk221226783][29]
	R1-2601127
	Waveforms for 6GR
	Sony

	
	Proposal 2: RAN1 should study PAPR reduction for DFT-s-OFDM especially when used with higher-order modulation.
Proposal 3: RAN1 should study constellation shaping for low PAPR for DFT-s-OFDM with higher-order modulation.
Proposal 6: 3GPP should allow PAPR reduction methods which traditionally have static configurations to be configured for each transmit signal individually.
Proposal 7: 3GPP should not require that the PAPR configuration is explicitly signalled, rather the receiver may infer it from the received signal
Proposal 8: 3GPP should specify probabilities for spectral extension to be applied. 
Proposal 9: 3GPP should study 4D constellations for the UL for PAPR reduction
Proposal 10: 3GPP should adopt partial FDSS schemes.


	[bookmark: _Hlk221227316][31]
	R1-2601517
	Discussion on Waveform
	NTT DOCOMO, INC

	
	Proposal 2-1: Support the low PAPR proposals based on DFT-s-OFDM with SE, including FDSS-CE with CS and FDSS-SE, to improve uplink coverage.
Proposal 2-2: Support the low PAPR proposals based on DFT-s-OFDM with ST, including DFT-s-OFDM with truncated mapping and asymmetric DFT-s-OFDM, to improve uplink coverage.

	[32]
	R1-2601212
	Discussion on waveform for 6GR air interface
	Pengcheng Laboratory

	
	Proposal 1: For uplink waveform evaluation, add the following metrics for UL PAPR reduction to the existing agreement (made in RAN1#123)
· PAPR (CCDF @ 1e-4)
· BLER performance under varied channel conditions (e.g., high mobility, frequency selectivity)
· Out-of-band emissions (OOBE)
· Computational complexity and implementation impact

	[32]
	R1-2601212
	Discussion on waveform for 6GR air interface
	Pengcheng Laboratory

	
	Proposal 6: It is recommended that Frequency Domain Spectrum Shaping (FDSS) be considered a foundational component for the 6G uplink waveform design.
Proposal 7: It is recommended to investigate enhanced FDSS techniques, with a focus on FDSS with Spectrum Extension (SE), for potential inclusion in the 6G specification. The study should also encompass other spectral processing methods, such as spectral truncation.
Proposal 8: We propose that 6GR standardizes an adaptive waveform enhancement for DFT‑s‑OFDM with π/2‑BPSK, based on configurable spectrum truncation ratios and a dynamic selection mechanism. This enhancement is specifically designed to maximize the uplink Net Gain across diverse scenarios, with a focus on high-mobility conditions. To this end, we recommend initiating a study to define a normative set of truncation ratios and the associated UE/network adaptation procedures (including necessary signaling and criteria) within the 6G specifications. 

	[33]
	R1-2601268
	Waveforms for 6GR
	Qualcomm Incorporated

	
	On low PAPR waveform design
Proposal 3.1: For uplink, focus study of tone reservation to DFT-S-OFDM waveforms with reserved tones immediately adjacent to the allocation (sideband tone reservation).
Proposal 3.2: For low-PAPR waveform design for 6G uplink, recommend focusing on DFT-S-OFDM waveforms with pi/2 BPSK and frequency-domain truncation for further consideration. 
On other enhancements to DFT-S-OFDM
Proposal 5.1: For 6GR waveform study, for DFT-S-OFDM waveforms, decouple the size of allocation from the DFT size. Define any DFT size that is a product of powers of 2, 3 and 5 as a valid DFT size. 
Proposal 5.2: For 6GR waveform study, when considering DFT-S-OFDM waveforms, consider flexible frequency-domain mapping of the DFT output to the spectrum allocation, e.g., frequency-domain multiplexing of DMRS and data, non-contiguous mapping, etc.
Proposal 5.3: For 6GR waveform study, consider multi-tx enhancements for DFT-S-OFDM where different transmit ports transmit over different frequency domain allocations.
On spectrum utilization
Proposal 6.1: For 6GR waveform study, consider feasibility to enhance spectrum utilization for small channel bandwidths using spectrum confinement techniques (e.g. WOLA) of reasonable complexity.

	[34]
	R1-2601294
	Discussion on waveform for 6G air interface
	Quectel

	
	Proposal 1: Spectrum extension has the capability to reduce PAPR. Building upon this foundation, the expanded scope of spectrum extension application can be considered for reducing PAPR.
Proposal 2: Extending the waveform to enable controlled spectrum spreading should be considered, with the option of overlapping resources among multiple users. In addition, alternative spectrum extension schemes beyond the currently defined extension factors should be explored. Such approaches can enhance sensing resolution while maintaining low PAPR and preserving coverage performance.

	[36]
	R1-2601366
	Enhancements for pi/2-BPSK DFT-s-OFDM: Overlapped Allocations
	Wisig Networks, IITH

	
	Proposal-1: RAN1 should study the overlapped-allocation method as a candidate technique for uplink PAPR reduction and spectral-efficiency improvement, and determine the optimum overlap for system implementation.
Proposal-2: For π/2-BPSK DFT-s-OFDM, RAN1 should evaluate and specify the maximum number of DMRS ports required to support SU-MIMO with multiple layers and to enable partial or full spectral overlap between adjacent users.



4.2. UL CP-OFDM PAPR reduction
	[7]
	R1-2600295
	Discussions on waveform for 6GR
	CATT

	
	Proposal 2: If Selective Mapping (SLM) is adopted for CP-OFDM waveformin 6GR, the scheme on reducing the overhead and indicating complexity of side information shall be studied.
Proposal 3: The SLM based PRB bundling phase rotation evolved DMRS and data is suggested, with considering following benefit:
· The phase ration factor for each PRB bundling set is no need indicated by DCI;
· About 2dB net gain can be obtained.
Proposal 4: The SLM based adding redundancy information in TB (transport block) is suggested for CP-OFDM waveform.
Proposal 5: If SLM is applied to CP-OFDM waveforms, the recommended target channels/signals can include Unicast PDSCH, SIBX PDSCH, Msg2/4 PDSCH, Paging PDSCH, PDCCH, PBCH.

	[11]
	R1-2600499
	Discussion on Waveform for 6GR air interface
	vivo

	
	Proposal 1:	For PAPR reduction, taking CFR or CFR based optimization as basis for study.
Proposal 2:	The spectrum extension of CFR-SE can be shared by UEs which can improve network spectrum efficiency. 
Proposal 3:	Study AI/ML based scheme for low PAPR waveform enhancement.

	[15]
	R1-2600627
	Waveform for 6GR Air Interface
	Google

	
	Proposal 3: The further study for UL waveform should consider the pratical impacts on uplink transmission power, e.g., port-specific power backoff.

	[25]
	R1-2601080
	Discussion on Waveform for 6GR
	Lenovo

	
	Proposal 1: Study and evaluate CP-OFDM waveform enhancement techniques including PAPR/CM reduction techniques such as Selected Mapping (SLM) and Tone Reservation (TR) for coverage enhancement and energy efficiency improvement and compared to implementation-based techniques in terms of complexity, signal distortion, and spectral efficiency. 



4.3. DL CP-OFDM PAPR reduction
	[2]
	R1-2600138
	Waveform for 6GR air interface
	Huawei, HiSilicon

	
	Proposal 4: Support pruning QAM as a lower PAPR modulation candidate for RAN4 further evaluations
Proposal 5: Study pruning QAM under CP-OFDM waveform for ISAC.
Proposal 6:  Adopt Table 14 to characterize Pruning QAM as a RAN1 observation

	[6]
	R1-2600261
	Views on the waveform for 6G
	ZTE Corporation, Sanechips

	
	Proposal 2: For downlink low-PAPR proposals, the Net Gain can be used for evaluation with following updates:
· Net Gain [dB] = PAPR gain relative to the reference  – SNR degradation relative to the reference.
· Note:For data and control channel, the SNR is associated with 10% BLER.
Proposal 3: To maintain same spectral efficiency in evaluation for both DL and UL low-PAPR proposals, it’s recommended to keep the same TB size for both candidate and baseline waveforms with adjusting code rate based on extension/truncation ratio.
Proposal 4: Tone reservation can be considered in 6G as a low-complexity scheme to achieve Net Gain along with compatibility for DL with CP-OFDM.

	[bookmark: _Hlk221110450][7]
	R1-2600295
	Discussions on waveform for 6GR
	CATT

	
	Proposal 2: If Selective Mapping (SLM) is adopted for CP-OFDM waveformin 6GR, the scheme on reducing the overhead and indicating complexity of side information shall be studied.
Proposal 3: The SLM based PRB bundling phase rotation evolved DMRS and data is suggested, with considering following benefit:
· The phase ration factor for each PRB bundling set is no need indicated by DCI;
· About 2dB net gain can be obtained.
Proposal 4: The SLM based adding redundancy information in TB (transport block) is suggested for CP-OFDM waveform.
Proposal 5: If SLM is applied to CP-OFDM waveforms, the recommended target channels/signals can include Unicast PDSCH, SIBX PDSCH, Msg2/4 PDSCH, Paging PDSCH, PDCCH, PBCH.

	[11]
	R1-2600499
	Discussion on Waveform for 6GR air interface
	vivo

	
	Proposal 5:	Transparent solutions are the baseline of DL low-PAPR waveform for coverage/NW energy saving motivation.

	[bookmark: _Hlk221181169][16]
	R1-2600716
	Discussions on 6G Waveforms
	Lekha Wireless Solutions

	
	Proposal 3: Plain OFDM works well in DL but has some limitations such as high PAPR, sensitivity to phase noise and Doppler, out-of-band emissions, and limited flexibility to mixed numerologies. Hence, enhancements and alternative OFDM-based schemes need to be explored including windowing and filtering, sub-band filtering, cyclic prefix-based enhancements, precoding and MIMO enhancements, and DFT-s-OFDM.
Proposal 4: Downlink transmit power gain needs to be calculated under realistic PA constraints while ensuring compliance with ACLR and EVM limits. Evaluation is based on the Net Gain metric (Tx power gain – link loss at 10% BLER) using a realistic base station PA model, complemented by secondary metrics such as PA efficiency, ACLR, EVM, network energy savings, and occupied bandwidth.
Proposal 5: By maintaining BER performance that is almost the same as the baseline and obtaining a moderate PAPR decrease, SLM offers an equitable trade-off. Conversely, TR retains excellent BER behavior while producing only a slight boost in PAPR.

	[25]
	R1-2601080
	Discussion on Waveform for 6GR
	Lenovo

	
	Proposal 1: Study and evaluate CP-OFDM waveform enhancement techniques including PAPR/CM reduction techniques such as Selected Mapping (SLM) and Tone Reservation (TR) for coverage enhancement and energy efficiency improvement and compared to implementation-based techniques in terms of complexity, signal distortion, and spectral efficiency. 

	[26]
	R1-2601092
	Discussion on waveform for 6GR air interface
	Ofinno

	
	CP-OFDM waveform for downlink:
Observation 15: Base station typically employs PA linearization techniques (e.g., digital pre-distortion, power backoff, etc.), which is up to the base station implementation. 
Proposal 13: PAPR related enhancement for CP-OFDM in the downlink should be left for base station implementation in 6GR. 

	[29]
	R1-2601127
	Waveforms for 6GR
	Sony

	
	Proposal 1: RAN1 should study PAPR reduction for CP-OFDM that can be applied to the NTN DL.



4.4. DL DFT-s-OFDM
	[1]
	R1-2600027
	On remaining aspects of waveform for 6GR
	Nokia

	
	Proposal 3: RAN1 to deprioritize DFT-s-OFDM study for DL for the following reasons:
· PAPR of DFT-s-OFDM in DL is comparable to DL CP-OFDM with transparent PAPR reduction techniques.
· No meaningful pure DFT-s-OFDM NES gain or DL coverage gain in current FRs of interest compared to DL CP-OFDM especially where DFT-s-OFDM system limitations may be tolerated (e.g., low load, etc.).
· DL EIRP could be already at the maximum with CP-OFDM in these DFT-s-OFDM potential scenarios, and no DL coverage extension can be foreseen. 
· DL DFT-s-OFDM may rely more on time domain multiplexing reducing time domain NES gain potential. 
· Base station and UE baseband complexity with DL DFT-s-OFDM is higher (e.g., DFT, Rx processing, transparent PAPR techniques need to be maintained).
· DFT-s-OFDM can have link performance degradation compared to CP-OFDM in different conditions in DL (e.g., low complexity UE Rx, impractical R-ML per RE with DFT-s-OFDM, limited number of UE Rx antennas, etc.), 
· DFT-s-OFDM consideration in DL may need to impose limitations for minimizing PAPR impact with DFT-s-OFDM to the following:
· UE frequency domain resource allocation (e.g., contiguous)
· UE frequency domain multiplexing
· Multiplexing of different DL physical channels/signals and efficient spectrum use (e.g., no FDM of physical channels using CP-OFDM with channel/signal using DFT-s-OFDM, or no/limited number of FDMed channels using DFT-s-OFDM)
· SU/MU-MIMO precoding (e.g., limited number of layers for all UEs per port, wideband/subband precoding)  
· Efficient multi-RAT/MRSS support in FR1 (e.g., avoid frequency multiplexing of 5G DL CP-OFDM with some 6G DL in same RU)
· Efficient RU use and carrier configuration flexibility (e.g., number and possible active carriers, potential of non-contiguous intra-band, inter-band spectrum aggregation, fragmented DL support per RU, restriction for all carriers in RU BS RF BW to use same DL waveform at least in overlapping DL transmission period)

	[2]
	R1-2600138
	Waveform for 6GR air interface
	Huawei, HiSilicon

	
	Proposal 10: For DL DFT-s-OFDM additional synch. Signal/DL-WUS, the performance evaluation criterion from waveform perspective is net gain 
· Net Gain [dB] = Tx power gain relative to the reference – Required SNR degradation relative to the reference
· For additional synch. signal and sequence based DL-WUS, the required SNR is for detection rate below 1% and false alarm rate below [1%] assuming same resource overhead
· The requirements of RSRP accuracy based on additional synch. signal should be met, e.g. as in TS 38.133
Proposal 11: Take Table 17 as a start point for DL DFT-s-OFDM  waveform evaluation for additional synch. Signal/DL-WUS.
Proposal 12: Study DL DFT-s-OFDM for additional synch. Signal/DL-WUS for coverage enhancement, network energy saving and UE energy saving under related agendas, e.g., initial access, DL WUS agenda.


	[3]
	R1-2600188
	On waveform enhancements/additions for 6G Radio
	OPPO

	
	Proposal 6: For downlink low-PAPR proposals the evaluation criterion is the PAPR reduction and SINR degradation @10% BLER.
Proposal 7: DFT-s-OFDM is not supported as additional DL waveform for 6GR TN communication, due to limited performance gain, restriction on multiuser scheduling and extra complexity on UE side.
· DL DFT-s-OFDM for NTN can be further studied.


	[5]
	R1-2600255
	Discussion on waveform for 6GR air interface
	THALES

	
	Proposal 1: RAN1 to investigate the performance of candidate waveforms under varying carrier frequency and time offsets inherent to satellite links, specifically considering scenarios with significant uncertainty in the UE’s position. This study will focus on conditions relevant to GNSS-free physical layer operation, aiming to identify robust waveform solutions suitable for environments with no GNSS availability.
Proposal 2: Identify the set of NTN scenarios/use cases for which is beneficial to use DFT-s-OFDM in DL.
Proposal 3: RAN1 to study the performance of DFT-s-OFDM in the downlink for non-terrestrial network (NTN)-based 6G radio access.

	[7]
	R1-2600295
	Discussions on waveform for 6GR
	CATT

	
	Proposal 11: DFT-s-OFDM waveform for downlink is needed to increase the output power of the PA.
Proposal 12: For downlink low-PAPR proposals the primary evaluation criterion may use the following criterion: 
· Net Gain [dB] = Tx power gain - link loss relative to the reference @ Target KPI (e.g., BLER or detection rate) of target channel/signal.
· A realistic PA model should be used
· When calculating the Tx power gain, the RAN4 metrics on the Tx power should be taken into account
· For SNR degradation, fading channel and non-ideal channel estimation, including DMRS configuration, and equalization is encouraged
· FFS: Other evaluation metrics
· Note: Companies to report how to calculate the Tx power gain, modulation and coding.
Proposal 13: DFT-s-OFDM waveform can be applied in NTN downlink with introducing little complexity on the UE side to achieve significant power efficiency improvement.
Proposal 14: For lager bandwidth transmission and enable scheduling flexibility, two segments DFT-S-OFDM can be studied.

	[11]
	R1-2600499
	Discussion on Waveform for 6GR air interface
	vivo

	
	Proposal 5:	Transparent solutions are the baseline of DL low-PAPR waveform for coverage/NW energy saving motivation.

	[13]
	R1-2600584
	Discussion on 6G Waveform
	NEC

	
	Proposal 7: Study the support of DL DFT-s-OFDM for 6GR, prioritizing the evaluation of coverage and power efficiency gains in the target scenarios of IoT, NTN, FR2/FR3, and Network Energy Saving. The study should also address the trade-offs between PAPR reduction and downlink scheduling flexibility.
Proposal 8: Study a simplified framework for DL waveform support, where a default waveform is used for initial access, and UE-specific configuration for DFT-s-OFDM is performed semi-statically via RRC signaling.
Proposal 9: Study the waveform design for PDCCH in deployments supporting DL DFT-s-OFDM, evaluating two approaches:
· The use of CP-OFDM for PDCCH to ensure implementation simplicity and compatibility.
· The feasibility of using DFT-s-OFDM for PDCCH to improve performance, including a detailed analysis of the required structural redesign, challenges in supporting multiple users, and the overall system impact.
Proposal 10: Study multi-user scheduling techniques for downlink DFT-s-OFDM, including group-based or sub-band DFT, to balance multi-user throughput with low-PAPR properties.

	[15]
	R1-2600627
	Waveform for 6GR Air Interface
	Google

	
	Proposal 1: Support DFT-s-OFDM waveform as the DL waveform with regard to the following aspects:
· To support the same coverage for FR1 and FR3
· To provide a good coverage for NTN
· Compared to other coverage enhancement techniques, e.g., to increase the number of antennas or to transmit the DL signals by multiple repetitions, using DFT-s-OFDM waveform does not require additional complexity for complicated CSI calculation, does not require large delay for beam measurement or multi-repetitions-based DL signal reception, and does not require large overhead for complicated CSI report and more DL-RSs for beam measurement.

	[16]
	R1-2600716
	Discussions on 6G Waveforms
	Lekha Wireless Solutions

	
	Proposal 1: DFT-s-OFDM has benefits in terms of PAPR and receiver performance. Due to the multi-carrier capabilities of CP-OFDM, it is more preferred in DL. However, there are use-cases like coverage-limited cells, small-cell BSs etc., where DFT-s-OFDM can help in power efficient transmission.
Proposal 2: Transmit power gain needs to be calculated under realistic PA constraints while ensuring compliance with ACLR and EVM limits. Complementary metrics—such as SNR degradation, effective occupied bandwidth, and PA efficiency can also be analysed to provide a comprehensive assessment of waveform linearity and spectral behaviour.

	[17]
	R1-2600751
	Discussion on waveform for 6GR
	Samsung

	
	DL DFT-s-OFDM
Observation 6: For downlink, the PAPR reduction of DFT-s-OFDM over CP-OFDM does not translate to significant DL coverage gain at least because of the following factors: 
· F1) Non-contiguous DL FDRA and its BLER advantage
· F2) Common use of carrier aggregation (CA)
· F3) Higher-rating PA resulting in minimal/zero PA backoff for CP-OFDM (including multi-carrier PA that makes the SC property of DFT-s-OFDM inapplicable)
· F4) Active antenna arrays employing beamforming
· F5) Multi-layer MIMO transmission
In addition, it suffers from the following drawbacks:
· D1) Multiplexing efficiency loss leading to SE and ESG loss 
· D2) Real-time multi-waveform processing at the UE receiver
· D3) Overly complex and/or sub-optimal MIMO receiver leading to SE loss and higher UE power consumption
Observation 7: For DL NTN scenarios, there is significant performance loss (in terms of both average and cell-edge UPT) with DFT-s-OFDM waveform when compared with CP-OFDM waveform
Proposal 4: Discontinue the study for the potential support of DFT-s-OFDM waveform for 6GR downlink
· No evidence of any potential benefit in DL coverage over CP-OFDM in all relevant use cases such as NTN, IoT, FR3, energy efficiency, common signals/channels. In fact, in most cases, DL DFT-s-OFDM would likely result in spectral efficiency loss, increased energy consumption at base stations and UEs, and substantial specification/testing efforts 
· New waveform for sensing purposes, if needed, will be discussed as a part of 6GR ISAC study

	[21]
	R1-2600914
	Study on waveform for 6GR
	Sharp

	
	Proposal 1: For 6GR waveform, RAN1 should NOT study DL DFT-s-OFDM.

	[24]
	R1-2601047
	Discussion on 6GR waveform design
	Hanbat National University

	
	Proposal 1: Study downlink waveform enhancements including the use of DFT-s-OFDM with FDSS and SLM. 
Proposal 2: Use the Net Gain (dB) = Tx power gain – Link Loss to the reference @10% BLER as a primary downlink waveform evaluation metric
Proposal 3: The "Net Gain" evaluation framework shall be used to evaluate AI/ML-based PAPR reduction schemes. 
Proposal 4: In addition to "Net Gain," AI/ML-based schemes should be evaluated on their computational complexity and feasibility. The following metrics can be considered:
· Model Complexity (e.g., number of parameters, FLOPs/symbol).
· Signaling Overhead (e.g., bits for side information, if any).
· Complexity Type: A clear distinction between offline training requirements and the real-time, on-device inference complexity.

	[26]
	R1-2601092
	Discussion on waveform for 6GR air interface
	Ofinno

	
	DFT-s-OFDM waveform for downlink:
Observation 16: A base station employing large antenna array size (e.g., around 7 GHz) to increase coverage will require high energy efficiency.
Observation 17: From downlink coverage perspective and network energy saving standpoint, waveform with relatively smaller PAPR will be beneficial in both TN and NTN deployment scenarios.
Observation 10: Multiplexing CP-OFDM and DFT-s-OFDM across different downlink time resources (e.g., symbols) can reduce base station implementation complexity.
Proposal 14: Consider DFT-s-OFDM as a potential additional waveform for downlink. 
Proposal 15: Consider at least /2-BPSK and QPSK as modulation schemes for DFT-s-OFDM waveform in downlink.   
Proposal 16: Target channels/signals for DFT-s-OFDM can be unicast PDSCH, UE specific PDCCH, and relevant reference signals (e.g., DMRS, CSI-RS).   

	[30]
	R1-2601156
	On waveform for 6GR
	Ericsson

	
	Proposal 1	RAN1 to deprioritize the study of DFT-s-OFDM for downlink due to lack of any significant advantage compared to CP-OFDM even for the potential use cases such as NES, NTN ISAC, and over frequency range around 7 GHz, and for the transmission of common channels/signals as well as to keep the 6GR system design to a reasonable complexity.

	[32]
	R1-2601212
	Discussion on waveform for 6GR air interface
	Pengcheng Laboratory

	
	Proposal 10: It is recommended to adopt DFT-s-OFDM as a complementary waveform to CP-OFDM in the 6G downlink. 

	[34]
	R1-2601294
	Discussion on waveform for 6G air interface
	Quectel

	
	Proposal 4:  Joint DFT for MU-DL-DFT-s-OFDM PDSCH should be supported for its better PAPR performance.




5. Rank > 1 for UL DFT-s-OFDM
	[1]
	R1-2600027
	On remaining aspects of waveform for 6GR
	Nokia

	
	UL Multi-layer DFT-s-OFDM
Proposal 12: RAN1 needs to further clarify power class and power mode in the last RAN1 agreement, and to consider explicitly rel-16 full power mode(s) (e.g., full power mode 0, full power mode 1, etc.) for all cases.
Proposal 13: Low PAPR waveform study for multi-layers UL transmission in 6G needs to consider at least fully coherent and partially coherent UEs.
Proposal 14 : RAN1 to consider the following baseline reference scenario for multi-layer waveforms study:
· 5G NR UL MIMO codebooks
· CP-OFDM for all number of layers & DFT-s-OFDM for single layer 
· Fully coherent UE coherence capability 
· DWS rel-18 enabled 
· At least rel-16 Full power mode(s) (e.g., full power mode 1, etc.)
 
Proposal 15: For multi-layer DFT-s-OFDM study and comparison with CP-OFDM, RAN1 to consider the following metrics: 
· Cell average throughput gain or loss relative to the 5G NR baseline reference
· Cell edge throughput (5%-percentile) gain or loss relative to the 5G NR baseline reference

Proposal 16: RAN1 to study DFT-s-OFDM and assess its potential from UL MU-MIMO system perspective while ensuring more flexible scheduling for paired UE and better co-existence with CP-OFDM UL waveform compared to 5G NR.
Proposal 17: Support CP-OFDM in uplink for all number of layers and all UE coherence capabilities, at least for non-power limited UEs, where DFT-s-OFDM potential power gain cannot be exploited. 
Proposal 18: Support DFT-s-OFDM in uplink for single layer transmission due to its advantage for power limited UEs. The potential of UL DFT-s-OFDM for more than 1 layer in 6G needs further justification.

	[2]
	R1-2600138
	Waveform for 6GR air interface
	Huawei, HiSilicon

	
	Proposal 7: Take net gain as the link level simulation metrics for multi-layer DFT-s-OFDM compare to multi-layer CP-OFDM.
Proposal 8: CDF-based throughput gain is used as the system level simulation metrics for evaluations of UL multi-layer DFT-s-OFDM/CP-OFDM.
Proposal 9: With observed coverage net gains, at least both 2-layers uplink DFT-s-OFDM waveform and 2-layer uplink CP-OFDM waveform should be supported in 6GR. The maximum number of layers should be further studied in 6GR MIMO agenda, e.g., codebook design.

	[bookmark: _Hlk221109434][6]
	R1-2600261
	Views on the waveform for 6G
	ZTE Corporation, Sanechips

	
	Proposal 9: The link-level simulation to evaluate the PAPA/Tx power gain compared with the OFDM is considered to justify the performance of DFT-s-OFDM for UL with number of layers > 1.
Proposal 10: DFT-s-OFDM with rank 2 for uplink transmission can be considered in 6G waveform study.

	[8]
	R1-2600366
	Waveform design for 6G air interface
	Tejas Network Limited

	
	Proposal 1: DFT-s-OFDM is a suitable uplink waveform for 6GR due to its lower PAPR compared to CP-OFDM, which enables more efficient power amplifier operation and is particularly beneficial in coverage-limited scenarios.
Proposal 2: Adoption of 2-layer DFT-s-OFDM for multi-layer uplink transmission.

	[bookmark: _Hlk221115156][9]
	R1-2600384
	Discussion on the waveform design for 6G radio
	CMCC

	
	Proposal 2. The target use cases are recommended to be clarified and distinguished between multi-layer CP-OFDM and multi-layer DFT-s-OFDM before starting detailed design for multi-layer DFT-s-OFDM.

	[bookmark: _Hlk221115345][11]
	R1-2600499
	Discussion on Waveform for 6GR air interface
	vivo

	
	Proposal 4:	Support rank 2 for DFT-s-OFDM waveform at least for non-coherent precoders.

	[13]
	R1-2600584
	Discussion on 6G Waveform
	NEC

	
	Proposal 11: Study the support for multi-layer (SU-MIMO) transmissions using DFT-s-OFDM for 6GR. The study should prioritize the evaluation of Rank-2 performance to determine the net gain in spectral efficiency and transmit power compared to the multi-layer CP-OFDM baseline.
Proposal 12: Evaluations for multi-layer UL waveforms should utilize the agreed  configurations, including the 4 GHz carrier frequency, 30 kHz subcarrier spacing, and the specified CDL/TDL channel models to ensure comparability of results.

	[15]
	R1-2600627
	Waveform for 6GR Air Interface
	Google

	
	Proposal 2: Support the DFT-s-OFDM waveform for multiple layers for UL transmission.

	[16]
	R1-2600716
	Discussions on 6G Waveforms
	Lekha Wireless Solutions

	
	Proposal 9: UL DFT-s-OFDM with Rank > 1 offers a practical means to extend uplink throughput while preserving low PAPR and high PA efficiency. Practical deployments are recommended up to Rank = 2, balancing efficiency, complexity, and link performance relative to CP-OFDM with higher ranks.

	[bookmark: _Hlk221225492][17]
	R1-2600751
	Discussion on waveform for 6GR
	Samsung

	
	Proposal 2: To assess whether multi-rank DFT-s-OFDM can offer significant spectral efficiency gain, focus the study on rank-2 (two-layer UL transmission on PUSCH)
Proposal 3: To assess whether rank-2 DFT-s-OFDM can offer significant UL spectral efficiency gain, further investigate its performance in deployment scenarios with primarily line-of -sight channels

	[18]
	R1-2600801
	Waveform for 6GR air interface
	InterDigital, Inc.

	
	Proposal 4: Multi-rank UL DFT-s-OFDM is not supported for 6GR

	[20]
	R1-2600909
	Waveform for 6GR air interface
	MediaTek Inc.

	
	Proposal 3: Study whether multi-layer DFTs-OFDM transmission is supported in 6G.
Proposal 4: Study PAPR reduction for UL multi-layer transmissions, aiming to develop a unified solution applicable to both DFT-s-OFDM and CP-OFDM. Impacts on computational complexity and processing time should be considered.

	[bookmark: _Hlk221226382][26]
	R1-2601092
	Discussion on waveform for 6GR air interface
	Ofinno

	
	DFT-s-OFDM with multilayer uplink transmission:
Proposal 9: DFT-s-OFDM with at least 2 ranks in the uplink is supported in 6GR. 

	[29]
	R1-2601127
	Waveforms for 6GR
	Sony

	
	Proposal 5: RAN1 should study multi-layer transmission with DFT-s-OFDM for both UL and DL.

	[bookmark: _Hlk221227058][30]
	R1-2601156
	On waveform for 6GR
	Ericsson

	
	Proposal 2	In the link-level evaluations of multi-layer UL waveform, RAN1 to consider user throughput vs. SNR as a metric, by accounting MPR based on the RB allocation (e.g., inner/outer/edge), RB size and modulation order, subject to maximum requirements according to the RAN4 specifications.
Proposal 3	In the system-level evaluations of multi-layer UL waveform, RAN1 to consider metrics such as rank statistics as well as cell-edge (5th percentile) user throughput, median (50th percentile) user throughput, and mean user throughput based on the statistics of user throughput.
Proposal 4	Support multi-layer DFT-s-OFDM and multi-layer CP-OFDM for uplink transmissions in 6GR.

	[31]
	R1-2601517
	Discussion on Waveform
	NTT DOCOMO, INC

	
	Proposal 3-1: Support multi-layer UL MIMO transmission based on DFT-s-OFDM.

	[32]
	R1-2601212
	Discussion on waveform for 6GR air interface
	Pengcheng Laboratory

	
	Proposal 9: The support of at least Rank 2 DFT-s-OFDM for uplink transmission is proposed for inclusion in the 6G waveform study.

	[33]
	R1-2601268
	Waveforms for 6GR
	Qualcomm Incorporated

	
	On multi-rank DFT-S-OFDM
Proposal 4.1: For 6G Radio, support DFT-S-OFDM in addition to CP-OFDM for multi-layer transmissions in uplink. 

	[35]
	R1-2601354
	Discussion on waveform for 6GR air interface
	KDDI Corporation

	
	Proposal 1: UPT (mean, median and 5%-tile) based on SLS is used as a metric to show performance benefit. Optionally, Net Gain can be used based on LLS.
Proposal 2: Thorough evaluation of 4-layer DFT-s-OFDM should also be conducted.
Proposal 3: Non-coherent precoding should be the baseline for multi-layer DFT-s-OFDM. Coherent precoding is also considered if the precoding gain justifies the loss in the transmit power.





6. Other waveforms
	[bookmark: _Hlk221030020][1]
	R1-2600027
	On remaining aspects of waveform for 6GR
	Nokia

	
	Proposal 4: RAN1 to deprioritize studying Zak-OTFS for the following reasons:
· CP-OFDM outperforms Zak-OTFS with realistic simulation assumptions and realistic channel estimation
· Zak-OTFS is claimed to provide benefit mainly in propagation conditions that are not typical in real deployments
· Zak-OTFS would be a major change for the current systems even if it may be able to be implemented on top of CP-OFDM waveform
· Zak-OTFS would introduce additional complexity to both network and UE side

	[bookmark: _Hlk221109634][6]
	R1-2600261
	Views on the waveform for 6G
	ZTE Corporation, Sanechips

	
	Proposal 11: DFT-s-OFDM with enhanced time domain resource multiplexing in symbol-level (i.e., eDFT-s-OFDM waveform) can be considered as a candidate waveform technology for 6G waveform design to improve the performance at least for high-speed scenario.
Proposal 12: GFB-OFDM should be considered in 6G waveform study as a scheme to improve the spectrum utilization.
Proposal 14: The characterization of the proposed candidate schemes presented in Table 5-1 should be incorporated into 6G waveform study.

	[9]
	R1-2600384
	Discussion on the waveform design for 6G radio
	CMCC

	
	Proposal 6. The proponents of non-OFDM based waveform are recommended to provide comprehensive air-interface design related to the proposed waveform, with proper evaluations according to the key requirements of 6GR.


	[12]
	R1-2600572
	Discussion on Waveform for 6GR Air Interface
	IMU, Turkcell

	
	Proposal 5: 	Adopt a coexistence-first waveform evolution direction where new waveform options are realized as configurable PHY slices (logical lattice mapping, precoding/spreading, and windowing) over a common CP-OFDM/FFT-based pulse-shaping baseline, so that different options remain multiplexable on the same resource grid and reference-signal structure.


	[14]
	R1-2600612
	Waveform for 6GR Air Interface
	Cohere Technologies

	
	Proposal 1: Zak-OTFS and Zak-OTFS-over-OFDM will be included in the waveform study for 6G

Proposal 2: Zak-OTFS proposed frame structure and numerology should be included in the study for 6G


	[17]
	R1-2600751
	Discussion on waveform for 6GR
	Samsung

	
	Other waveforms
Proposal 5: Discontinue the study for the potential support of “other waveforms” in 6GR
· Deviating from “single technology framework” goal of 6GR study 
· Increased risk of RAT divergence for different 6GR use cases
· Not conducive to the agreed support for NR-6GR migration via MRSS

	[22]
	R1-2600999
	Discussion on 6GR waveform
	ETRI, University of Surrey

	
	Proposal 2. Capture the following performances of AFDM into the TR:
· PAPR reduction: 3 dB (by turning AFDM modulation parameter)
· BLER: 0.5 dB gain @ SNR= 5dB with Doppler frequency of 3000 Hz; 
      1.5 dB gain @ SNR= 5dB with Doppler frequency of 6000 Hz
· Compatibility with FMCW Radar
· Net Gain: 
· 1 dB and -1.1 dB over DFT-s-OFDM and CP-OFDM, respectively @ 10% BLER with UE speed of 3 km/h
· 1.5 dB and 3.6 dB over DFT-s-OFDM and CP-OFDM, respectively @ 10% BLER with UE speed of 500 km/h
· 4.1 dB and 6.3 dB dB over DFT-s-OFDM and CP-OFDM, respectively @ 10% BLER with UE speed of 1500 km/h
Proposal 3. RAN1 to capture the following summary on AFDM waveform to the TR on 6GR:
	
	Description

	Name of the proposal
	AFDM

	Motivation of the proposal
	NTN, ISAC, etc

	Applicable link direction
	UL / DL

	Enhancement to CP-OFDM?
	Yes

	Enhancement to DFT-s-OFDM?
	Yes

	Additional OFDM-compatible waveform?
	No

	Target channel(s)
	PDSCH, PUSCH, PRACH (for NTN)

	Target modulation
	No restriction (applicable for all existing NR modulations)

	Motivation / use case
	Coverage enhancement, support of high-speed mobility, ISAC

	Key Metric / KPI
	BLER, Sensing accuracy, Possible Net Gain and delay-Doppler robustness

	Key spec impact foreseen
	RAN1 waveform definition, time-frequency resource mapping, pilot design, scheduling extensions

	MRSS compatibility
	Highly compatible; supports FDM/TDM/Hybrid resource partitioning for NTN/ISAC slices within Multi-RAT Spectrum Sharing deployments.

	Multiplexing/co-existence with other waveforms
	Flexible; enables coexistence with CP-OFDM/DFT-s-OFDM via FDM/TDM

	Multi-user multiplexing
	Support of chirp-domain multiplexing

	MIMO capability
	AFDM based multi-layer Tx (MIMO) may be less critical in major use cases, including NTN and ISAC scenarios.
Compatibility with SU-MIMO and MU-MIMO remains for further study.





	[23]
	R1-2601019
	Discussion on New Waveform for 6GR Air Interface
	Shanghai Jiao Tong University, NERC-DTV

	
	Proposal 1: RAN1 to study additional waveform candidate (e.g., AFDM) for 6G that stays structurally compatible with OFDM, enabling reuse of 5GNR/6GR ecosystem components, while targeting enhanced performance in sensing, high mobility, and NTN scenarios.
Proposal 2: RAN1 to investigate AFDM as a candidate waveform for 6G radio, with a specific focus on evaluating its robustness in high-mobility scenarios, high-efficiency sensing capabilities, low PAPR characteristics, and integration into an 6GR compatible system architecture.
Proposal 3: RAN1 to study and specify the design of AFDM parameters (e.g.,  and ), low-complexity receiver algorithms for communication, sensing, and PAPR reduction, and their integration into a 6G-compatible system architecture, to enhance robustness against doubly-selective channels while targeting superior performance in sensing, high-mobility, and NTN scenarios.
Proposal 4: RAN1 to investigate the implications of AFDM on MIMO channel estimation, receiver signal processing, etc., and to study low-complexity techniques to ensure the efficient integration of AFDM with existing multi-antenna systems.

	[27]
	R1-2601110
	New waveform for 6GR air interface
	NICT

	
	Proposal 1: RAN1 to consider the spectral precoding (SP) as one of candidate waveform techniques that has potential to improve spectral efficiency which is one of important criteria of 6GR design.

	[41]
	R1-2601539
	New Waveform for 6GR - OSDM
	R1-2601539

	
	Proposal: To retain OSDM as 6GR’s candidate waveform.



7. Uncategorized proposals
	[bookmark: _Hlk221030765][2]
	R1-2600138
	Waveform for 6GR air interface
	Huawei, HiSilicon

	
	Proposal 5: Study pruning QAM under CP-OFDM waveform for ISAC.
Proposal 6:  Adopt Table 14 to characterize Pruning QAM as a RAN1 observation

	[3]
	R1-2600188
	On waveform enhancements/additions for 6G Radio
	OPPO

	
	Proposal 10: Postpone the discussion on waveform switching/selection until the waveform decisions have stabilized. When the study starts,
· Consider all potential solutions, including explicit indication as well as implicit mechanisms without DCI overhead.
· Study on dynamic UL waveform switching during initial access is deprioritized.


	[4]
	R1-2600239
	Discussion on waveform for 6GR
	LG Electronics

	
	Proposal 1: Discuss how the UE should be instructed to use a particular waveform for 6GR in uplink.
· Option 1: Waveform selection based on transmission rank.
· Option 2: Explicit waveform indication via cell-specific configuration, channel-specific, or BWP-specific configuration, including dynamic switching.
· Option 3: Waveform selection based on frequency band or usage scenario.
Proposal 2: Study whether/how reference signal design should consider commonality across CP-OFDM and DFT-s-OFDM in both uplink and downlink.

	[6]
	R1-2600261
	Views on the waveform for 6G
	ZTE Corporation, Sanechips

	
	Proposal 13: Study pulse RS design using OFDM-based waveform for large sensing coverage. 
· The pulse is applicable for both mono-static and bi-static sensing.
· Study the application for communication, e.g., RSRP measurement, time/frequency tracking.

	[7]
	R1-2600295
	Discussions on waveform for 6GR
	CATT

	
	Proposal 16: For supporting sensing, OFDM-based wave can be supported for both pulse wave (PW) and Continuous wave (CW):
· OFDM-based PW with larger SCS (i.e. 960 kHz or 1920 kHz) than communication
· OFDM-based CW with same SCS as communication.
Proposal 17: For the enhancement of sensing waveform, the new waveform different to OFDM can be studied, such as LFM (Linear Frequency Modulation), AFDM (Affine Frequency Division Multiplexing) and OCDM (Orthogonal Chirp Division Multiplexing).


	[8]
	R1-2600366
	Waveform design for 6G air interface
	Tejas Network Limited

	
	Proposal 3: Dynamic waveform switching enables the waveform to be adjusted in real time to match changing uplink demands and operating conditions.


	[12]
	R1-2600572
	Discussion on Waveform for 6GR Air Interface
	IMU, Turkcell

	
	Proposal 10: 	For sensing, study additional waveforms (e.g., FMCW-like or other Doppler-robust sensing signals) that can coexist with OFDM-based communication grids without excessive receiver complexity.


	[13]
	R1-2600584
	Discussion on 6G Waveform
	NEC

	
	Proposal 2: CP-OFDM and DFT-s-OFDM in NR are baseline as 6GR uplink waveform. 6GR could study to support dynamic waveform switching during initial access.

	[26]
	R1-2601092
	Discussion on waveform for 6GR air interface
	Ofinno

	
	UE power boosting techniques:
Proposal 10: Consider high UE power class (e.g., 26 dBm) as a mandatory feature in 6GR from Day 1.   
Proposal 11: Study the possibility of reducing MPR in 6GR. 
Dynamic waveform switching:
Proposal 12: Support dynamic switching between DFT-s-OFDM and CP-OFDM in 6GR from Day 1. 

	[28]
	R1-2601113
	Discussion on waveform for 6GR air interface
	Panasonic

	
	Proposal 8: The need to introduce flexible DMRS and data techniques (e.g., TDM between data and DMRS before DFT precoding such as OTFDM) could be investigated.

	[29]
	R1-2601127
	Waveforms for 6GR
	Sony

	
	Proposal 4: RAN1 should study multiplexing of CP-OFDM reference signals on the same component carrier with DFT-s-OFDM physical channels.

	[32]
	R1-2601212
	Discussion on waveform for 6GR air interface
	Pengcheng Laboratory

	
	Proposal 5: We recommend focused research and development on this enhanced, Doppler-resilient CP-OFDM precoding scheme. Furthermore, we advocate that future 6G systems be designed with the agility to support multiple waveform enhancement modes, dynamically tailored to user mobility. For instance, the system could seamlessly switch to this anti-Doppler precoding scheme in high-speed scenarios while retaining standard CP-OFDM for low- to medium-mobility users, thereby optimizing performance and efficiency across the network.
Proposal 11: It is proposed to study efficient waveform multiplexing and switching mechanism for 6GR.


	[33]
	R1-2601268
	Waveforms for 6GR
	Qualcomm Incorporated

	
	On other enhancements to DFT-S-OFDM
Proposal 5.3: For 6GR waveform study, consider multi-tx enhancements for DFT-S-OFDM where different transmit ports transmit over different frequency domain allocations.
On spectrum utilization
Proposal 6.1: For 6GR waveform study, consider feasibility to enhance spectrum utilization for small channel bandwidths using spectrum confinement techniques (e.g. WOLA) of reasonable complexity.

	[34]
	R1-2601294
	Discussion on waveform for 6G air interface
	Quectel

	
	Proposal 3: Multi-user coordination mechanisms, such as controlled resource overlapping, joint scheduling, or cooperative transmission, should be considered to compensate for the spectral efficiency loss introduced by spectrum extension, while preserving the benefits in PAPR reduction, coverage enhancement, and sensing performance.

	[35]
	R1-2601354
	Discussion on waveform for 6GR air interface
	KDDI Corporation

	
	Proposal 4: Dynamic switching between multi-layer DFT-s-OFDM and multi-layer CP-OFDM should be discussed after the maximum number of layers for DFT-s-OFDM in 6G has been determined.
Proposal 5: Signalling overhead in uplink is also taken into account when the comparative evaluation between the proposed low-PAPR techniques is conducted.


	[36]
	R1-2601366
	Enhancements for pi/2-BPSK DFT-s-OFDM: Overlapped Allocations
	Wisig Networks, IITH

	
	Proposal-2: For π/2-BPSK DFT-s-OFDM, RAN1 should evaluate and specify the maximum number of DMRS ports required to support SU-MIMO with multiple layers and to enable partial or full spectral overlap between adjacent users.




8. Discussion: Waveform for UL MIMO 
Background: 
· LTE supporting DFT-s-OFDM for all supported LTE UL MIMO ranks
· NR supporting DFT-s-OFDM for single layer transmission and CP-OFDM for ranks 1 to 8
· So far, we only have agreed to DFT-s-OFDM and CP-OFDM as a bases for 6G uplink – based on the following agreement from RAN1#122: 
	Agreement
CP-OFDM and DFT-s-OFDM waveforms as defined in 5G NR are supported as the basis for 6GR for uplink
· Enhancements/modifications on CP-OFDM/DFT-s-OFDM will be studied as potential additions
· Other OFDM based waveforms are not precluded.


· But we have not yet any association of the baseline UL waveforms to the related UL SU-MIMO transmission ranks
· During RAN1#122bis, there has been a try to get some progress in the understanding how the interaction of higher rank DFT-s-OFDM UL would be in terms of UL MIMO operation

The moderator thinks that it would be still good to get some common understanding on the overall framework of combinations of UL SU-MIMO and the relation to CP-OFDM and DFT-s-OFDM. 
8.1. Single layer (i.e. rank=1) UL transmissions:
Question 8.1.1: For single layer (i.e. rank=1) UL transmission, how do you see the support of DFT-s-OFDM and/or CP-OFDM? 
· Please indicate  your ‘support’ only to one of the 3 options. 
· If having (further) comments, please provide  your input in the separate table below. 

	Supported baseline UL WF
(single layer, i.e. rank=1)
	Companies position (list of companies)

	Support CP-OFDM only
	

	Support DFT-s-OFDM only
	CATT

	Support of both, 
DFT-s-OFDM & CP-OFDM
	OPPO, Spreadtrum, Nokia, CMCC, Lekha, Apple, Sony, DOCOMO, NEC, Panasonic, IMU


 
	Company
	Comments

	OPPO
	This question is also related to the “dynamic UL waveform switching” issue. But the current assumption is that only semi-static switching between DFT-s-OFDM and CP-OFDM in UL. In this case, support of single-layer CP-OFDM is necessary, so that a UE can dynamically switch between single layer and multiple layers without RRC reconfiguration.

	CATT
	Since the coverage requirement is more fundamental, the intitial access stage may only allow DFT-s-OFDM, and in the RRC-connection stage, CP-OFDM can be chosen to support more than rank 1 transmission.

	Nokia
	We support DCI-based dynamic waveform switching

	CMCC
	One related issue is whether to allow BS to support only one waveform in some scenario. For example, coverage and device power consumption may not be a problem for indoor industrial scenarios. Correspondingly, the indoor BS may only support e.g. CP-OFDM for simple implementation. Meanwhile, DFT-s-OFDM is important for meeting the target coverage in outdoor widearea deployment. Consequently, it is suggested to support both DFT-s-OFDM and CP-OFDM for single layer transmission.

	Lekha
	Currently, we advocate considering both.

	Sony
	We support both waveforms for UL

	DOCOMO
	5G NR has proven the necessity to support both waveforms as specified by semi-static and dynamic waveform switching

	NEC
	CP-OFDM and DFT-s-OFDM should be considered baseline for 6GR uplink waveform.
6GR should also support dynamic waveform switching which enabled efficient link adaptation.

	IMU
	Wavefom adaptation depending on the link condition is more valuable than layer swithing



Question 8.1.2: If both DFT-s-OFDM and CP-OFDM is to be supported for single-layer UL transmission (i.e. rank=1) from specification point of view, how do you see the required UE support? 
· Please indicate your ‘support’ only to one of the options. 
· If having (further) comments, please provide your input in the separate table below. 

	UE support for single-layer UL
	Companies position (list of companies)

	Alt. 1: 
CP-OFDM mandatory
DFT-s-OFDM optional
	

	Alt. 2:
DFT-s-OFDM mandatory
CP-OFDM optional
	CATT, IMU

	Alt. 3: 
Both (i.e. DFT-s-OFDM & CP-OFDM) mandatory 
	OPPO (for eMBB UE), Spreadtrum, Nokia, CMCC, Lekha, Apple. Sony, DOCOMO, NEC, Panasonic

	Alt. 4: 
Up to UE capability indication (per band and/ band combination)
	



	Company
	Comments

	OPPO
	This question is related to “device type” discussion. Different device types can have different mandatory functionality sets. Our assumption is that this question is for eMBB UE, for which both CP-OFDM and DFT-s-OFDM should be mandatory. However, for 6G IoT device, only DFT-s-OFDM is mandatory, since only single layer is mandatory for 6G IoT device. In our option, CP-OFDM is not mandatory for 6G IoT devices.

	CATT
	For one default option, DFT-s-OFDM waveform can be applied for the initial access stage for coverage purpose. 

	CMCC
	Each of the two waveforms shows advantage in different scenarios. BS can determine the more suitable one or both to be used. In other words, UE has to support both for efficient and flexible deployment.

	Sony
	Similar situation as NR

	DOCOMO
	Different UE capability would increase operational complexity. Since both waveforms were mandatory supported in NR, this should be kept for 6GR otherwise 6GR would have worse performance than NR.

	NEC
	To manage the 6GR requirements of extended coverage as well as high data rates, it is essential to support both DFT-s-OFDM (for coverage enablement) and CP-OFDM (to ensure high throughput by enabling higher MIMO ranks)

	IMU
	IoT should support DFT-s-OFDM (always), other devices can support both



8.2. UL transmissions with rank=2
Question 8.2.1: For UL transmissions with rank= 2, how do you see the support of DFT-s-OFDM and/or CP-OFDM? 
· Please indicate  your ‘support / yes’ only to one of the 3 options in color (1., 2. or 3.).
· If you indicate “Yes” to 1. (CP-OFDM only) or 2. (CP-OFDM only), please indicate in 4. if you are open to consider &/ study the support of both waveforms or not (i.e. yes / no)
· If having (further) comments, please provide your input in the separate table below. 


	Supported baseline UL WF
for rank=2
	Considered options
	Companies position (list of companies)

	1. CP-OFDM only
	Yes
	OPPO, CATT, Nokia, CMCC

	2. DFT-s-OFDM only
	Yes
	

	3. DFT-s-OFDM &  CP-OFDM
	Yes
	[bookmark: OLE_LINK12]Spreadtrum, DOCOMO

	4. Open for studies / consider to support both WFs
	Yes
	OPPO, CMCC, Lekha, Apple, Sony, NEC, Panasonic, IMU

	
	No
	



	Company
	Comments

	OPPO
	The LLS result shows no gain of 2-layer DFT-s-OFDM. But the SLS assumption was agreed in RAN1#123. We are open to further invest the gain based on the SLS results.

	CATT
	Concering the complexity and performance gain for DFT-s-OFDM in rank-2 transmission, only CP-OFDM waveform is used in UL transmission if rank-2 is needed. 

	Nokia
	Further clarification on simulation assumptions is needed to assess the benefit, if any, of DFT-s-OFDM for rank=2.

	CMCC
	We are open to study the DFT-s-OFDM waveform for RANK-2 UL transmission. However, the corresponding use cases and benefits have to be clarified before introducing it for 6GR. 

	Sony
	DFT-s-OFDM for rank > 1 should be studied.

	DOCOMO
	As provided by a number of companies, 2-layer DFT-s-OFDM shows net gain thanks to Tx power gain for non-coherent precoder, and hence, 2-layer DFT-s-OFDM should be supported at least for non-coherent precoder. For coherent precoder, DFT-s-OFDM woud lose its Tx power gain due to higher PAPR, while it is unclear at this stage which waveform can provide better performance due to lack of precoder design, which should be discussed under AI 10.5.2.3.

	NEC
	Even supporting rank-2 for DFT-s-OFDM does not necessarily ensure that rank-2 can be used in all scenarios (considering the restrictions on precoder matrix we may have for DFT-s-OFDM). CP-OFDM would still be required to obtain high UL data rates where rank-2 of DFT-s-OFDM is not feasible. So, CP-OFDM should be supported as baseline and DFT-s-OFDM should be further studied.

	Panasonic
	There are evaluation results showing the gain of 2-layer DFT-s-OFDM, while there are also the results showing no gain of 2-layer DFT-s-OFDM. Then, the gain should be further studied.

	IMU
	Further study is needed to see the potential gains and trade-offs



Question 8.2.2: If both DFT-s-OFDM and CP-OFDM is to be supported for UL transmission with rank=2 from specification point of view, for a UE supporting UL MIMO rank=2 - how do you see the required UE support? 
· Preferably, please indicate at your ‘support’ only to one of the options. 
· If having (further) comments, please provide your input in the separate table below. 

	UE support for UL rank=2
	Companies position (list of companies)

	Alt. 1: 
CP-OFDM mandatory
DFT-s-OFDM optional
	OPPO (for eMBB UE), Spreadtrum, Nokia, NEC, IMU

	Alt. 2:
DFT-s-OFDM mandatory
CP-OFDM optional
	

	Alt. 3: 
Both (i.e. DFT-s-OFDM & CP-OFDM) mandatory 
	Sony, DOCOMO

	Alt. 4: 
Up to UE capability indication (per band and/ band combination)
	Lekha, Apple



	Company
	Comments

	OPPO
	It is desired CP-OFDM with all layers can over most of usage scenarios for eMBB UE. DFT-s-OFDM is only used in very coverage-limited scenario. This is enough for most of eMBB devices. Only high-capability eMBB UEs support 2-layer DFT-s-OFDM for a better DL throughput in coverage-limited scenario.
But for 6G IoT devices, all UL multi-layer transmssions (including with CP-OFDM and DFT-s-OFDM) are optional.

	Nokia
	We don’t support rank=2 UL DFT-s-OFDM. We understand this question (and hence the reply) as a hypothetical one.

	CMCC
	If DFT-s-OFDM waveform is finally introduced for RANK-2 UL transmission, UE has to support both for efficient and flexible deployment in dfferent scenarios.

	Sony
	First we study and if DFT-s-OFDM can support rank > 1 efficiently, both should be mandatory.

	DOCOMO
	We are not sure whether there is any difficulty to support both waveforms for 2-layers, assuming both waveforms are mandatory for 1-layer, but open to hear companies’ view.



8.3. UL transmissions with ranks 3 & 4
Question 8.3.1: For UL transmissions with rank= 3 or 4, how do you see the support of DFT-s-OFDM and/or CP-OFDM? 
· Please indicate  your ‘support / yes’ only to one of the 3 options in color (1., 2. or 3.).
· If you indicate “Yes” to 1. (CP-OFDM only) or 2. (CP-OFDM only), please indicate in 4. if you are open to consider &/ study the support of both waveforms or not (i.e. yes / no)
· If having (further) comments, please provide your input in the separate table below. 


	Supported baseline UL WF
for rank=3 or 4
	Considered options
	Companies position (list of companies)

	1. CP-OFDM only
	Yes
	OPPO, CATT, Nokia, CMCC, Lekha, Apple, DOCOMO

	2. DFT-s-OFDM only
	Yes
	

	3. DFT-s-OFDM &  CP-OFDM
	Yes
	

	4. Open for studies / consider to support both WFs
	Yes
	Spreadtrum, CMCC, Sony, DOCOMO, NEC, IMU

	
	No
	OPPO, Nokia



	Company
	Comments

	OPPO
	First identify the gain of 2-layer DFT-s-OFDM before discussing the >3-layer DFT-s-OFDM proposal.

	CATT
	We need firstly discuss rank-2 case. 

	Spreadtrum
	Open for study, but the benefit of the rank>2 DFT-s-OFDM UL transmission should be identified first.

	Nokia
	We need first to discuss the rank=2 case

	CMCC
	Open to study DFT-s-OFDM wavefor for UL transmission with RANK>2.

	Lekha
	Beyond 2 layers, we don’t think DFT-s-OFDM will give any additional benefits

	DOCOMO
	We are not sure how much gain can be obtained for DFT-sOFDM w/ 3 or 4 layers, considering both non-coherent and coherent precoding performance for now, but open to further study. However, we assume coherent precoder design should be discussed under AI 10.5.2.3.

	NEC
	While for Rank-2 DFT-s-OFDM, evaluations results indicate that impact on PAPR is not significant, we need to study the detailed comparison of CP-OFDM and DFT-s-OFDM for Rank-4 in terms of PAPR loss and throughput differences. 

	Panasonic
	We agree that to identify the necessity of 2-layer DFT-s-OFDM should be first.

	IMU
	We need to see how 2-layer DFT-s-OFDM perfoms. Discuss this later futher



Question 8.3.2: If both DFT-s-OFDM and CP-OFDM is to be supported for UL transmission with rank= 3 or 4 from specification point of view, for a UE supporting UL MIMO rank= 3 or 4 - how do you see the required UE support? 
· Preferably, please indicate at your ‘support’ only to one of the options. 
· If having (further) comments, please provide your input in the separate table below. 

	UE support for UL rank=3 or 4
	Companies position (list of companies)

	Alt. 1: 
CP-OFDM mandatory
DFT-s-OFDM optional
	IMU

	Alt. 2:
DFT-s-OFDM mandatory
CP-OFDM optional
	

	Alt. 3: 
Both (i.e. DFT-s-OFDM & CP-OFDM) mandatory 
	

	Alt. 4: 
Up to UE capability indication (per band and/ band combination)
	



	Company
	Comments

	DOCOMO
	The best alternative depends on the performance gain, coherent precoder design, etc. This can not be decided only in this agenda, due to high dependency on other agendas, such as AI 10.5.2.3.

	IMU
	Need to wait until 2 layer results are clear

	
	

	
	

	
	



8.4. UL transmissions with ranks 5 to 8 
Question 8.4.1: For UL transmissions with rank= 5 to 8, how do you see the support of DFT-s-OFDM and/or CP-OFDM? 
· Please indicate  your ‘support / yes’ only to one of the 3 options in color (1., 2. or 3.).
· If you indicate “Yes” to 1. (CP-OFDM only) or 2. (CP-OFDM only), please indicate in 4. if you are open to consider &/ study the support of both waveforms or not (i.e. yes / no)
· If having (further) comments, please provide your input in the separate table below. 


	Supported baseline UL WF
for rank= 5 to 8
	Considered options
	Companies position (list of companies)

	1. CP-OFDM only
	Yes
	OPPO, Nokia, CMCC, Lekha, Apple, DOCOMO

	2. DFT-s-OFDM only
	Yes
	

	3. DFT-s-OFDM &  CP-OFDM
	Yes
	

	4. Open for studies / consider to support both WFs
	Yes
	Spreadtrum, Sony

	
	No
	OPPO, Nokia, CMCC, DOCOMO



	Company
	Comments

	OPPO
	First identify the gain of 2-layer DFT-s-OFDM before discussing the >3-layer DFT-s-OFDM proposal.

	Nokia
	same view as OPPO

	CMCC
	We are wondering whether the benefit of low-PAPR still exists for DFT-s-OFDM waveform in such high-RANK transmissions.

	Lekha
	Beyond 2 layers, we don’t think DFT-s-OFDM will give any additional benefits

	DOCOMO
	The performance gain for more than 4-layer DFT-s has not been shown sufficienty so far. As mentioned above, details need to be discussed under AI 10.5.2.3

	Panasonic
	We agree that to identify the necessity of 2-layer DFT-s-OFDM should be first.



Question 8.3.2: If both DFT-s-OFDM and CP-OFDM is to be supported for UL transmission with rank= 5 to 8 from specification point of view, for a UE supporting UL MIMO rank= 5 to 8 - how do you see the required UE support? 
· Preferably, please indicate at your ‘support’ only to one of the options. 
· If having (further) comments, please provide your input in the separate table below. 

	UE support for UL rank= 5 to 8
	Companies position (list of companies)

	Alt. 1: 
CP-OFDM mandatory
DFT-s-OFDM optional
	

	Alt. 2:
DFT-s-OFDM mandatory
CP-OFDM optional
	

	Alt. 3: 
Both (i.e. DFT-s-OFDM & CP-OFDM) mandatory 
	

	Alt. 4: 
Up to UE capability indication (per band and/ band combination)
	



	Company
	Comments

	DOCOMO
	The best alternative depends on the performance gain, coherent precoder design, etc. This can not be decided only in this agenda, due to high dependency on other agendas, such as AI 10.5.2.3.

	
	

	
	

	
	

	
	



8.5. Higher rank DFT-s-OFDM Evaluation assumptions: Possible clarifications & amendments

For multi-layer UL DFT-s-OFDM study, following evaluation agreements have been made in RAN1 #123. 
However, we noticed that different companies provided simulation results with different reference. For the sake of comparability, we believe it would be helpful to agree on simulation assumptions for the reference.
Question 8.5.1: What are the simulation assumptions for the reference for multi-layer UL DFT-s-OFDM? Particularly, with respect to following items:
· 1. Release 18 DWS enabled/disabled?
· 2. Release 16 full power mode (0 and/or 1) enabled/disabled?
· Precoding assumptions for coherent UE for CP-OFDM (3.) and DFT-s-OFDM (4.)?
· Delivering statistics for power limited UEs (5.), rank (6.) and MCS (7.)

	Question
	Considered options
	Companies position (list of companies)

	1. Release 18 DWS enabled or disabled?
	Enabled
	OPPO, Nokia, CMCC, Sony, DOCOMO

	
	Disabled 
	OPPO, vivo, DOCOMO

	2. Release 16 full power mode (0 and/or 1) enabled/disabled?
	Enabled
	Nokia, CMCC, vivo, DOCOMO

	
	Disabled 
	OPPO

	


3. Precoding assumptions for coherent UEs for CP-OFDM?
	CP-OFDM: no CB restriction, wideband and subband precoding.
Please justify.
	OPPO, Nokia, CMCC, Lekha

	
	CP-OFDM: only non-coherent CB and wideband precoding. Please justify.
	Vivo, DOCOMO

	


4. Precoding assumptions for coherent UEs for DFT-s-OFDM?
	DFT-s-OFDM: only non-coherent CB with wideband precoding.
Please justify.
	Nokia, vivo, Apple, DOCOMO

	
	DFT-s-OFDM: no CB restriction, wideband precoding. Please justify how to assess PAPR.
	OPPO, CMCC, Lekha

	5. Companies to report statistics on power limited UEs?
	Yes
	Nokia, CMCC, vivo

	
	No
	OPPO, DOCOMO

	6. Companies to report statistics on UL TX rank?
	Yes
	Nokia, CMCC, vivo

	
	No
	OPPO, DOCOMO

	7. Companies to report statistics on used MCS?
	Yes
	Nokia, CMCC, vivo

	
	No
	OPPO, DOCOMO



	Company
	Further comments

	OPPO
	DWS for 6G is still under study. For evaluation, both R18 DWS enabled and disabled scenarios can be considered.

	CATT
	Not so sure if this evaluation campaign should be conducted in MIMO agenda if following previous meeting discussion. 

	Nokia
	We don’t support a reference without R18 DWS. The same is valid for R16 full power mode. We cannot base the reference on R15 where single layer has 3 dB less tx-power compared with 2-layers.

	vivo
	Firstly, R-18 DWS is not deployed. So, we cannot assume it is supported as baseline for 6GR. Instead, it should be competing solution compared with multi-layer DFT transmission. Besides, per ourevaluation, DFT waveform outperform CP-OFDM in link-level performance when number of Rx is equal to or larger than 16. So, it’s enough to evaluate performance based on RRC-configured CP-OFDM and DFT-s-OFDM. 

Secondly, for fair comparison of single layer transmission and rank 2, total maximum power should be aligned, so full-power mode 0 and full power mode1 should be considered according to the selected PA architecture.

Considering the fact that MPR of 2-layers CP-OFDM transmission with full-coherent precoders should be evauated further because PPAR increases in this case. Non-coherent codebook subset can be utilized to evaluate performance of both CP-OFDM and DFT-s-OFDM rank2 transmission based on current Ran4 38.101-1 section 6.2D definition.

	DOCOMO
	For evaluation purposes, scenarios both with and without R18 DWS enabled should be considered, as DWS for 6G is still under study.
Subband precoding is under study in other agendas, so it should depend on the discussion in agenda AI 10.5.2.3.
In this agenda, the evaluation could focus on non-coherent precoders. Because we assume the coherent precoder design for DFT-s-OFDM should be further discussed in other agendas, such as AI 10.5.2.3.



9. Waveform proposal characterization 
This section focuses on the waveform categorization based on the agreed table from RAN1#123

At RAN1#123, the following table had been agreed to provide further information on the individual waveform proposals for discussion: 
	Agreement
Table is endorsed to characterize each proposal as a potential RAN1 observation.
Characterization of each waveform proposal
	
	Description

	Name of the proposal
	

	Motivation of the proposal
	E.g. TN, NTN, ISAC, etc…

	Applicable link direction
	DL/UL/both

	Enhancement to CP-OFDM?
	No/Yes

	Enhancement to DFT-s-OFDM?
	No/Yes

	Additional OFDM-compatible waveform?
	No/Yes

	Target channel(s)/signal(s)
	PDCCH/PDSCH/PUCCH/PUSCH/xxx

	Target modulation
	

	Motivation / use case
	Improved spectral efficiency, …

	Key Metric / KPI
	Spectral efficiency, …

	Key spec impact foreseen
	

	MRSS compatibility
	Please explain

	Multiplexing/coexistence with other waveforms
	Please explain

	Multi-user multiplexing
	Please explain

	MIMO compatibility
	Please explain






First of all, we think it would be especially for new waveform proposals to also capture the related impact on transmitter and receiver processing / complexity for potential inclusion to the TR later on (based on discussions with the RAN WG SI rapporteur). Therefore, the following addition is suggested.

Proposal 9.1: Extend the RAN1#123 endorsed table to characterize each (waveform) proposal as a potential RAN1 observation as follows to cover also impacts to transmitter and receiver processing operation: 
	
	Description

	Name of the proposal
	

	Motivation of the proposal
	E.g. TN, NTN, ISAC, etc…

	Applicable link direction
	DL/UL/both

	Enhancement to CP-OFDM?
	No/Yes

	Enhancement to DFT-s-OFDM?
	No/Yes

	Additional OFDM-compatible waveform?
	No/Yes

	Target channel(s)/signal(s)
	PDCCH/PDSCH/PUCCH/PUSCH/xxx

	Target modulation
	

	Motivation / use case
	Improved spectral efficiency, …

	Key Metric / KPI
	Spectral efficiency, …

	Key spec impact foreseen
	

	MRSS compatibility
	Please explain

	Multiplexing/coexistence with other waveforms
	Please explain

	Multi-user multiplexing
	Please explain

	MIMO compatibility
	Please explain

	Impacts on transmitter processing
	Please explain

	Impacts on receiver processing
	Please explain



	
	List of companies

	Yes / Support
	OPPO, Nokia, CMCC,IMU, Lekha, Sony, DOCOMO, Panasonic, IMU

	No
	



	Company
	Further comments

	CATT
	In the FL summary, we don’t say any discussion points for CP-OFDM PAPR reduction. We are wondering if the optization for CP-OFDM is within scope of 6GR or not？ Maybe FL can clarify a bit.

	IMU
	We need to make sure also the alternative waveform proposals are compatible with OFDM and DFT-s-OFDM frame work. Identifying the best use cases for different schemes and enabling adaptability and flexibility is essential in achieving the best performance. For DFT-s-OFDM enhancements this should include possible interleaving and flexible allocation, and additional precoding. Support of low power applications and IoT devices (WuS/WuR, ambient IoT) should be included in use cases/motivation.

	DOCOMO
	The table extension is very helpful, as it provides deeper insight into the associated impact on transmitter and receiver processing/complexity.

	IMU
	We need to make sure also the alternative waveform proposals are compatible with OFDM and DFT-s-OFDM frame work. Identifying the best use cases for different schemes and enabling adaptability and flexibility is essential in achieving the best performance. For DFT-s-OFDM enhancements this should include possible interleaving and flexible allocation, and additional precoding. Support of low power applications and IoT devices (WuS/WuR, ambient IoT) should be included in use cases/motivation.

	
	



Based on discussions with the vice-chair (Hiroki-san), that it would be good to collect the characterization of the different waveform proposals of individual companies. This will gives us a better overview of the individual proposals and allows for further grouping (and more focused discussions, e.g. what is considering what is an (UL) low-PAPR enhancement (of an agreed baseline WF) when comparing the related proposals and what is “another” waveform). 
Several companies provided in their TDocs their assessment of waveform characterization already. As there are plenty of proposals out there, the moderator collected the input given in an Excel sheet in the drafts folder. But of course this does not include all possible proposals, but only those for which companies provided their characterization already. 

Requested Company inputs on waveform proposal characterization in the Excel sheet (by Tue, 10am CET – to have your input for the first offline discussion already): 
· The Excel sheet and your related inputs are in this sub-folder: Waveform Characterization 
· The Excel sheet in addition to the RAN1#123 agreed characterization aspects (in rows 5-19) also includes 
· In Row 20 & 21, already the two proposed additional aspects of Proposal 9.1.1 above (in rows 20 & 21) – still in yellow
· In Row 24, the company name that provided the characterization (pre-filled based on companies TDocs already) 
· In Row 25, the list of companies interested in studying and committing to provide evaluation results to RAN1#124bis based on the agreed evaluations assumptions.
· Moderator added companies that provided the assessment and also showed at the same time evaluation results based on the agreed evaluation assumptions already
· List of proposals & characterization (rows 5-24): Please check what is there already:
· if your proposal is not listed yet, please add your waveform proposal characterization in a new column
· if a proposal you are interested in is already there, and if you think something in the characterization is really missing (not just wording please), also add your name in a different color to row 24 (as company with characterization input) – and provide additional input to rows 5-21 using same color (see example in Columns K & L where more than one company provided their assessment in their input TDocs) 
· Commitment to evaluations of proposals (row 25): 
· Consider if you commit yourself to provide evaluation results for a waveform proposal to RAN1#124bis based on (1) the agreed evaluation assumptions, (2) methodologies and providing the related (3) performance figures. If so, please add to your name to the respective column / proposal in row 25
10. Evaluation assumption clarifications on UL low-PAPR proposals
This section focuses on further clarifications on evaluation assumptions for UL low-PAPR proposals.

In RAN#123, the following was agreed on evaluations for UL low-PAPR proposals for spectrum extension and truncation: 
Agreement
For single user evaluation assumption for MCS and subcarriers UL low-PAPR proposals with spectrum extension
	No Spectrum Extension
	With Spectrum Extension

	MCS
	#subcarriers

	#SCs before extension )

	Occupied BW:
#SCs after extension ()
	Spectrum extension
Extension: 

	NR MCS
	
	
	
	




For single user evaluation assumption for MCS and subcarriers UL low-PAPR proposals with spectrum truncation
	No Spectrum Truncation
	With Spectrum Truncation

	MCS
	#subcarriers

	#SCs before truncation )

	Occupied BW:
#SCs after truncation ()
	Spectrum truncation factor
Truncation: 

	NR MCS
	
	
	𝐵
	



Note: other values for extension or truncation are not precluded.

Agreement
For UL PAPR reduction, values for occupied BW B:
· {2, 4, 8, 16, 24, 30, 32, 64, 128, 240, 256} PRBs. 
· Other PRB allocations are not precluded. 
· Edge, outer and inner PRB allocations as defined in TS 38.101 should be considered.

Problem Statement: Considering B and the spectrum extension or truncation factor , deriving A for extension/truncation leads generally to a:
· non-integer number of subcarriers
· non-integer number of PRBs
· the number of PRBs not being an integer multiple of {2,3,5} for efficient DFT processing

So, the intention of what is discussed / proposed blow includes: 
· Both A and B should be an integer number of RBs (as pointed out by CATT in R1-2600295)
· Note: CATT provided the following example solution for spectrum extension to guarantee this: 
	Proposal 7: For UL low-PAPR proposals with spectrum extension, the granularity of both A and B is assumed as RB level, and A is determined based on B as followings:
· For asymmetry spectrum extension
 RBs
· For symmetry spectrum extension
If B is even 
   % note: A is also even
Else
 . %note: A is also odd.




· Moreover, as Nokia (in R1-2600027) and Qualcomm (in R1-2601268) pointed out, the allocation of A should result in a valid DFT size for efficient processing,


Question 10.1: Should A for spectrum extension and spectrum truncation for UL low-PAPR solutions be an integer multiple of RBs? 
· Note: Please provide possible solutions on defining A for spectrum extension and spectrum truncation as a function of B and (the target value of) α in the comments table below. 

	
	List of companies

	Yes
	OPPO, CATT, Nokia, CMCC, IMU, Panasonic

	No
	



	Company
	Further comments

	vivo
	Non-interger extension has impact on TBS determination and DMRS sequence generation which cost additional effort to align at evaluation stage. Since it doesn’t have impact on waveform comparison, it should be deprioritized.

	
	

	
	

	
	

	
	



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Question 10.2: Should A for spectrum extension and spectrum truncation for UL low-PAPR solutions result in a valid DFT-size (i.e. the number of RBs of A being an integer multiple of 2, 3 & 5)?
· Note: Please provide possible solutions on defining A for spectrum extension and spectrum truncation as a function of B and (the target value of) α in the comments table below. 

	
	List of companies

	Yes
	CATT, Nokia, CMCC

	No
	OPPO



	Company
	Further comments

	OPPO
	For evaluation, we can first apply the restriction as in Question 10.1. After the gain is generally identified, we can discuss the potential restriction as in Question 10.2.
And if the PAPR reduction is only used for CP-OFDM, should the DFT-size restriction also apply?

	CATT
	To simplify DFT operation, it is necessary to keep the DFT size as an integer multiple of 2, 3 &5. 

	Nokia
	It is necessary to assess the Net Gain with valid DFT size

	vivo
	For evaluation perpurse, combination of A and B resulting valid DFT size should be prioritized.

	
	



Nokia in R1-2600027 further recognized (see the tables below), that the possible alignment of A discussed above to an integer number of RBs and a valid DFT size may result in (i) an effective α being far of the target value (incl. α=0 e.g. for B=2 for SE in general, for α=0.1, 0.2 & 0.3), (ii) resulting in the same A (and therefore the same effective α) for more than one target value of alpha (e.g. for SE with B=8 PRBs and α= 1/6, 1/4 and 2/7) and (iii) result in the same A for different Bs for a given target value of alpha (e.g. α= 1/6 or 1/4 for B= 30 and 32PRBs all resulting in the same A of 24 PRBs). 
[bookmark: _Ref220332795]Table 3 in R1-2600027: Parameter combinations for extension
[image: ]
[bookmark: _Ref220332801]
Table 4 in R1-2600027: Parameter combinations for truncation
[image: ]

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Question 10.3: Assuming to have A as an integer multiple of {2,3,5} PRBs, how to treat combinations of (B, α) resulting in rather different effective values of α (incl. α=0) and the same effective value of α for different target α values for certain allocations of B?
	Company
	Comments

	CATT
	Need to re-evaluat the potential gain if in order to keep the integer multiple of {2,3,5} and turn out to be another resource assignment.

	Nokia
	companies to report the truly simulated (A,B,alpha) and not the target one.

	
	

	
	

	
	



In addition to the above, the moderator would find it further reasonable trying to clarifying the reference / baseline for the related evaluations. The plain-vanilla NR Rel-18 FDSS has been used as the baseline reference by most of the companies in their provided results already – but it would be maybe good to clarify this further: 

Proposal 10.4: NR Rel-18 FDSS should be used as the baseline reference when evaluating the gains of UL low-PAPR proposals.
	
	List of companies

	Yes
	CATT, CMCC

	No
	OPPO



	Company
	Further comments

	CMCC
	At least, the conclusions are expected not to conflict with the Rel-18 FDSS work. It is also appreciated to clarify the additional optimizations for 6GR waveform comparing to the Rel-18 FDSS work.

	vivo
	Transparent CFR should also be baseline. CFR is the typical implementation solution which is widely utilized in cumercial devices. Besides, it is more robust than FDSS. Performance of FDSS is impacted by channel estimation algorithm. For instance, BLER performance will degrade if MMSE-based channel estimation is used for estimating the equivalent channel especially for low SNR range for PI/2 BPSK and QPSK. 

	Nokia
	It isn’t enough to consider FDSS as baseline. We need to clarify the filter too. Should a single specific filter be considered as the baseline or should the best per case performing filter be considered as baseline. In any case, companies shall report which filter is used and considered as “baseline”. Furthermore, there has been no agreements so far to support FDSS in 6GR.
Proposal 8: Frequency Domain Spectrum shaping (FDSS) and FDSS with spectrum extension (FDSS-SE) are supported in 6G Radio.

	
	

	
	



11. xxxx
image1.emf
Round to even to have integer RB extension, force to closest valid DFT sizes

FDSS-SE RBs ext fact diff red=forced valid DFT size

ext fact tot RBs

2 4 8 16 24 30 32 64 128 240 256

1/6 inband 2.00 4.00 6.00 16.00 20.00 24.00 24.00 54.00 108.00 200.00 214.00

0.17excess per side 0.00 0.00 1.00 0.00 2.00 3.00 4.00 5.00 10.00 20.00 21.00

real ext fact 0.00 0.00 0.25 0.00 0.17 0.20 0.25 0.16 0.16 0.17 0.16

1/4 inband 2.00 4.00 6.00 12.00 18.00 24.00 24.00 48.00 96.00 180.00 192.00

0.25excess per side 0.00 0.00 1.00 2.00 3.00 3.00 4.00 8.00 16.00 30.00 32.00

real ext fact 0.00 0.00 0.25 0.25 0.25 0.20 0.25 0.25 0.25 0.25 0.25

2/7 inband 2.00 2.00 6.00 12.00 18.00 20.00 24.00 48.00 90.00 162.00 180.00

0.29excess per side 0.00 1.00 1.00 2.00 3.00 5.00 4.00 8.00 19.00 39.00 38.00

real ext fact 0.00 0.50 0.25 0.25 0.25 0.33 0.25 0.25 0.30 0.33 0.30

1/3 inband 2.00 2.00 6.00 10.00 16.00 20.00 20.00 40.00 90.00 160.00 180.00

0.33excess per side 0.00 1.00 1.00 3.00 4.00 5.00 6.00 12.00 19.00 40.00 38.00

real ext fact 0.00 0.50 0.25 0.38 0.33 0.33 0.38 0.38 0.30 0.33 0.30

3/8 inband 2.00 2.00 6.00 10.00 16.00 18.00 20.00 40.00 80.00 150.00 160.00

0.38excess per side 0.00 1.00 1.00 3.00 4.00 6.00 6.00 12.00 24.00 45.00 48.00

real ext fact 0.00 0.50 0.25 0.38 0.33 0.40 0.38 0.38 0.38 0.38 0.38

2/5 inband 2.00 2.00 4.00 10.00 16.00 18.00 20.00 36.00 80.00 144.00 150.00

0.40excess per side 0.00 1.00 2.00 3.00 4.00 6.00 6.00 14.00 24.00 48.00 53.00

real ext fact 0.00 0.50 0.50 0.38 0.33 0.40 0.38 0.44 0.38 0.40 0.41

7/16inband 2.00 2.00 4.00 10.00 12.00 16.00 18.00 36.00 72.00 128.00 144.00

0.44excess per side 0.00 1.00 2.00 3.00 6.00 7.00 7.00 14.00 28.00 56.00 56.00

real ext fact 0.00 0.50 0.50 0.38 0.50 0.47 0.44 0.44 0.44 0.47 0.44

1/2 inband 2.00 2.00 4.00 8.00 12.00 16.00 16.00 32.00 64.00 120.00 128.00

0.50excess per side 0.00 1.00 2.00 4.00 6.00 7.00 8.00 16.00 32.00 60.00 64.00

real ext fact 0.00 0.50 0.50 0.50 0.50 0.47 0.50 0.50 0.50 0.50 0.50


image2.emf
Round to even orig data alloc to have integer RB truncation, force to closest valid DFT sizes

FDSS-SE RBs trunc fact diff red=forced valid DFT size

trunc fact tot RBs

2 4 8 16 24 30 32 64 128 240 256

1/10orig data alloc 2.00 4.00 8.00 18.00 24.00 32.00 36.00 72.00 144.00 270.00 288.00

trunc per side 0.00 0.00 0.00 1.00 0.00 1.00 2.00 4.00 8.00 15.00 16.00

real trunc fact 0.00 0.00 0.00 0.11 0.00 0.06 0.11 0.11 0.11 0.11 0.11

1/5 orig data alloc 2.00 6.00 10.00 20.00 30.00 36.00 40.00 80.00 160.00 300.00 320.00

trunc per side 0.00 1.00 1.00 2.00 3.00 3.00 4.00 8.00 16.00 30.00 32.00

real trunc fact 0.00 0.33 0.20 0.20 0.20 0.17 0.20 0.20 0.20 0.20 0.20

3/10orig data alloc 2.00 6.00 12.00 24.00 36.00 40.00 48.00 90.00 180.00 360.00 360.00

trunc per side 0.00 1.00 2.00 4.00 6.00 5.00 8.00 13.00 26.00 60.00 52.00

real trunc fact 0.00 0.33 0.33 0.33 0.33 0.25 0.33 0.29 0.29 0.33 0.29

2/5 orig data alloc 4.00 6.00 16.00 30.00 40.00 50.00 54.00 108.00 216.00 400.00 432.00

trunc per side 1.00 1.00 4.00 7.00 8.00 10.00 11.00 22.00 44.00 80.00 88.00

real trunc fact 0.50 0.33 0.50 0.47 0.40 0.40 0.41 0.41 0.41 0.40 0.41


