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Introduction
This document provides feature lead summary for 6GR system parameters. The scope includes:
· Waveform
· Low PAPR
· PA model
· Channel bandwidth
· Max channel bandwidth
· Min channel bandwidth
· Numerology
· Spectrum utilization
· Asymmetric channel bandwidth
· Irregular channel bandwidth
· Others
It is noted that the aspects related to the interim milestone should be prioritized according to the guidance of RAN4 chair.
According to the SI objectives set at both the RAN and working group levels, the primary objective of the RAN4 study on system parameters is to apply its unique expertise. This focuses on rigorous, implementation-aware evaluations that ensure the final defined parameters fulfil all target usage scenarios, requirements, deployment scenarios, and design principles, and to deliver a viable performance-complexity trade-off. It is important to note that this work is conducted through close coordination among RAN4, RAN and RAN1.
The interim milestones are listed below for reference (RP-251881).
	4.1.1	Interim Milestone
Interim results shall be delivered as per the milestones below, in coordination with the RAN Plenary 6G Study [RP-250810].
TSG#112 (June/2026): 
RAN1 to provide interim assessment on the following areas:
· Waveform, modulation, channel coding: scope of enhancements beyond NR baseline ((2) a, c)
· Channel bandwidth (min and max), frame structure, numerology ((2) b, d)
· Basic sync signal structure and associated periodicity(ies) ((2) h) 
For objectives where RAN4 may be impacted, RAN1 shall coordinate with RAN4 early to enable the above assessment by June 2026.


The running summary reflects the status of each system parameter and the previous agreements reached in RAN4, RAN1 and RAN can be found at: R4-2600884.
0. 
1. Topic #1: Waveform
0 
1 
Companies’ contributions summary
	TDoc
	Title
	Source

	R4-2600312
	Further discussion on waveform for 6GR
	CATT

	R4-2600385
	6GR - waveform
	Nokia

	R4-2600394
	Reply LS to RAN1 on Low PAPR and other waform PA models
	Nokia

	R4-2600459
	View on 6GR waveform
	Xiaomi

	R4-2600574
	On 6G system parameters - Waveform
	Apple

	R4-2600667
	Discussion on 6G waveform and PA
	vivo

	R4-2600691
	(6G system parameters) Waveform
	LG Electronics

	R4-2600785
	Discussion on 6GR waveform
	ZTE Corporation, Sanechips

	R4-2600811
	Discussion on 6GR waveform
	CMCC

	R4-2600885
	On system parameters for 6G —— Waveform
	Huawei, HiSilicon

	R4-2601052
	Views on 6G waveform
	Spreadtrum,UNISOC

	R4-2601103
	Views on waveform: PA modelling 
	Tejas Network Limited

	R4-2601122
	Discussion on waveform for 6GR
	Samsung

	R4-2601381
	System parameters – waveform: on UE Tx assumptions and the reply LS to RAN1
	Ericsson

	R4-2601396
	Further views on PA modelling of 6GR
	Sony

	R4-2601446
	Views on 6G PA model
	Mediatek Inc.

	R4-2601448
	on 6GR waveform
	OPPO

	R4-2601465
	Views on 6G waveform
	NTT DOCOMO, INC.

	R4-2601866
	Consideration on 6GR waveform
	Amazon Web Services



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Observations and Proposals/Options
Sub-topic 1-1: Waveform
Sub-topic description 
The main observations and proposals are based on the inputs for this meeting. 
· Main observations
· Current baseline and candidates: DFT-s-OFDM and CP-OFDM remain the foundational waveforms for 6G UL/DL. While other candidates exist in RAN1, no final set has been agreed upon yet.
· Low-PAPR performance: Techniques like Tone Reservation, SLM, and FDSS-SE, I/Q offset, CFR-SE, even AI/ML-based PAPR reduction show clear PAPR improvements.
· The maximum output power is limited by the most restrictive factor among SEM, ACLR, and EVM.
· For ~7GHz bands, memory effects in PA models should be considered. Observations show that delta MPR remains stable for SEM up to 200MHz but varies for ACLR depending on the PA model used.
· Main proposals
· Alignment with RAN1: RAN4 should wait for RAN1 to provide a finite set of candidate waveforms and aligned configurations (carrier frequency, SCS, RB allocation, etc.) before finalizing studies.
· Adopt “Net Gain” as the primary evaluation criterion.
· Maximum output power should be determined by the most limiting requirement (ACLR/SEM/EVM).
· Consider “Net Gain” relative to existing NR requirements as a fixed baseline.
· Focus on UL low-PAPR waveforms in coverage-limited scenarios where UEs operate near maximum power.
· Carry out independent studies for different low-PAPR techniques, e.g., spectrum extension, truncation, and tone reservation, etc.
· Evaluate implementation complexity for both transmitter (signal generation) and receiver (equalization/CE).
· Simulation assumptions:  Initial evaluations should focus on ~7GHz (e.g., n104) and 4GHz.
· Update carrier leakage and IQ image assumptions (e.g., to -35dBc) to meet 256QAM requirements for wide CBW.
· Include memory effects in the PA model for ~7GHz.
· Assumptions could be adjusted upon the progress of 6G study across different topics in RAN4.
· Some also propose to consider NTN relevant PAPR reduction waveforms and GNSS-resilient proposals (FL: should be discussed in RAN1 firstly)
· Recommended WF
· Scope of waveform study
· Uplink PAPR reduction
· RAN4 carry out individual evaluations on PAPR-reduction techniques to the baseline UL DFT-s-OFDM and CP-OFDM, mainly focused on the Tx power gain
· The evaluation should be based on the agreed waveform evaluation assumptions
· The evaluated waveforms should be at least candidates under discussion in RAN1
· New Waveforms
· Defer consideration of new waveform (like DL DFT-s-OFDM) before RAN1 reaches consensus.
· Harmonize with RAN1
· Send an LS to RAN1 to align on evaluation assumptions, including appliable requirements and calibration conditions, together with the available PA models.
· Evaluation assumptions
· Further update the assumption table in the agreed WF (R4-2522450), i.e. 
Table 1: Waveform evaluation assumptions for RAN1/RAN4
	Parameter/Requirements
	Assumptions/Value
	Note

	PA model
	TBD
	Memory effect should be considered for ~7GHz with larger channel bandwidth

	Band under evaluation
	around 7GHz, other bands are not precluded
	n104 could be assumed for ~7GHz

	Channel Bandwidth (CBW)
	At least 100MHz, 200MHz
Other CBW based on inputs for PA models
	Same SU assumed for 200MHz as 100MHz

	Power class
	PC2 (26dBm), PC3 (23dBm)
	

	Complied requirements
	SEM
	TS 38.101-1 §6.5.2.2
	Subject to further adjustment pending on progress of UE RF, co-existence study

	
	ACLR
	TS 38.101-1 §6.5.2.4
	

	
	EVM
	TS 38.101-1 §6.4.2.1
	Considered for high modulation order/inner RB allocation, pending on RAN1 discussion

	
	IBE
	TS 38.101-1 §6.4.2.3
	

	Tx impairments
	Carrier Leakage
	-28dBc
	Subject to further adjustment pending on progress of UE RF study

	
	IQ image
	-28dBc
	

	
	CIM3
	-60dB
	

	PA calibration conditions
	CBW
	100MHz full RB allocation
	Other options are not precluded, pending on the further study in RAN4

	
	SCS
	30kHz
	

	
	Waveform
	DFT-s-OFDM
	

	
	Modulation
	QPSK
	

	
	Power class
	PC2/PC3
	

	
	Power backoff to meet ACLR
	1dB
	



Sub-topic 1-2: PA model
Sub-topic description 
The main observations and proposals are based on the inputs for this meeting. 
· Main observations
· Memory effects and bandwidth
· Memory effects become prominent and critical for CBW >= 100 MHz.
· Existing memoryless models cannot capture the asymmetry and memory effects of wideband signals, leading to inconsistent MPR and RF compliance results.
· Models trained on narrowband data exhibit poor upward compatibility and cannot accurately simulate nonlinear distortion for wideband signals (e.g., a 100 MHz model may not be applicable to 200 MHz signals)
· Frequency and implementation considerations
· It could be challenging to develop a well-justified PA model for the ~7 GHz band by early 2026 due to the lack of commercial components and stringent timelines.
· PA characteristics vary significantly between vendors and implementations; there is no single unified answer or model that fits all scenarios.
· Efficiency enhancement techniques (APT, ET, Doherty) and Digital Pre-Distortion (DPD) are necessary for 6G but complicate modeling, as DPD effects are often implementation-dependent.
· Evaluation purposes
· PA models for waveform evaluation (RAN1) aim to compare relative performance, whereas models for RAN4 requirements are used for RF requirements and performance development.
· Main proposals
· Modeling framework
· More companies propose to use Generalized Memory Polynomial (GMP) as the baseline framework for PA modeling as it can represent various formulations equivalently with suitable parameters.
· Several companies propose that RAN4 should not agree on a single unified model for its own requirement development, allowing companies to use their own representative models.
· Proposals for specific configurations including different nonlinearity orders, memory depth, different tap models for up to 200 MHz and specific coefficients for PC2 and PC3 models at 100 MHz and 200 MHz.
· Interaction with RAN1
· RAN4 should provide RAN1 with rough or candidate models (based on measurements or existing 5G models) to avoid delaying RAN1’s waveform evaluation progress.
· Decouple the PA models used for RAN1 waveform evaluation from those used for RAN4 requirement development.
· Simulation considerations
· Sampling rate alignment: The input data sampling rate should be aligned with the model training sampling rate to avoid performance degradation.
· Different views on whether PA modeling should consider the effects of DPD and other efficiency techniques (APT/ET).
·  Recommended WF
· Send LS to RAN1 
· Provide a reply to RAN1 containing candidate PA models (e.g., the GMP models for PC2/PC3 around 7 GHz) to facilitate their waveform studies.
· Adopt a staged approach 
· Support “Stage 1” development using measurement-based GMP models for immediate waveform comparison, while refining “Stage 2” models for more accurate RF requirement assessment later.
· Clarify modeling constraints
· Ensure any shared models explicitly state the required sampling rate, bandwidth limits, applicable power classes and whether front-end loss is already included to ensure reproducibility.
· Maintain flexibility for RAN4 
· Agree that for internal RAN4 requirement evaluation, a unified model is not mandatory, and companies may continue to use their own measurement-based data while clearly stating their calibration methods and additional conditions when necessary.
· Focus on large CBW 
· Prioritize the development of models that specifically include memory effects for bandwidths >= 100 MHz, while allowing the reuse of 5G models for narrower bandwidths or lower frequencies.

2. Topic #2: Channel bandwidth
2 
Companies’ contributions summary
	TDoc
	Title
	Source

	R4-2600097
	Support of 400MHz UE maximum channel bandwidth analysis
	InterDigital France R&D, SAS

	R4-2600254
	Discussion on 6G system parameter.
	KDDI Corporation

	R4-2600314
	Further discussion on channel bandwidth for 6GR
	CATT

	R4-2600387
	6GR - Channel bandwidth
	Nokia

	R4-2600456
	View on 6GR CHBW
	Xiaomi

	R4-2600576
	On 6G system parameters - Channel bandwidth
	Apple

	R4-2600629
	On 6G flexible UL/DL channel bandwidth framework
	Skyworks Solutions Inc.

	R4-2600673
	Discussion on 6G channel bandwidth
	vivo

	R4-2600699
	(6G system parameters) Channel bandwidth
	LG Electronics

	R4-2600810
	Discussion on 6GR channel bandwidth
	CMCC

	R4-2600887
	On system parameters for 6G —— Channel bandwidth
	Huawei, HiSilicon

	R4-2600910
	Views on 6G Channel Bandwidth
	MediaTek inc.

	R4-2601054
	Views on 6G channel bandwidth
	Spreadtrum,UNISOC

	R4-2601124
	Discussion on channel bandwidth for 6GR
	Samsung

	R4-2601178
	Views on 6GR channel bandwidth
	ZTE Corporation,Sanechips

	R4-2601345
	6G system parameters - Spectrum utilization
	Ericsson

	R4-2601398
	Further views on parameters related to UE channel bandwidth of 6GR
	Sony

	R4-2601410
	Views on 6G Channel Bandwidth
	Tejas Network Limited

	R4-2601449
	on 6GR channel bandwidth
	OPPO

	R4-2601467
	Views on 6G max channel bandwidth
	NTT DOCOMO, INC.

	R4-2602027
	Input on 6G System Parameters
	T-Mobile USA

	R4-2602060
	Qualcomm views on 6G Channel bandwidth
	Qualcomm Incorporated



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Observations and Proposals/Options
Sub-topic 3-1: Max Channel Bandwidth
Sub-topic description 
The main observations and proposals are based on the inputs for this meeting. 
· Main observations
· Feasibility & implementation: Many companies observe that a single 400 MHz RF chain is extremely challenging for uplink due to PA memory effects, ET implementation limitations, and DPD bandwidth constraints.
· Power & complexity: A 16k FFT architecture significantly increases power consumption and memory requirements compared to an 8k FFT. Some argue the 16k FFT complexity is marginal or negligible in the 6G timeframe, while others suggest dual 8k FFTs are more efficient.
· Coverage impact: Supporting UL 400 MHz could lead to loss in coverage due to increased MPR requirements.
· System efficiency: Single CC 400 MHz offers better spectral efficiency by eliminating guard bands required for CA. However, CA provides better power saving through CC deactivation.
· Spectrum availability: 400 MHz of contiguous spectrum may not be available in many regions, making 200 MHz a more practical single-carrier limit.
· Main proposals
· Maximum CBW Limits:
· 200 MHz Baseline: Many companies, especially UE vendors, propose 200 MHz as the maximum single-carrier CBW for both UL and DL in ~7 GHz bands.
· 400 MHz Support: Some propose supporting 400 MHz in the ~7 GHz band, either as optional for flagship users, restricted to DL only, or as a single carrier to maximize efficiency.
· FFT Size: 
· Many companies propose to limit the mandatory baseline FFT size to 8k, while some suggest 16k should be an implementation choice or supported for specific cases.
· CA approach: 
· Some companies in their proposals clearly suggest 2x200 MHz CA as the preferred method to reach 400 MHz total bandwidth to ease RF implementation.
· Device types: 
· Proposals exist to differentiate CBW support based on device type (e.g., 200 MHz for smartphones vs. 400 MHz for FWA/CPE).
· Recommended WF
· Further assess the need and feasibility of UE max CBW 400 MHz, considering both single-carrier and CA-based approaches. 
· Further quantitative comparison of implementation options is encouraged, including assessing performance, complexity, power consumption, architectural trade-offs, etc.
· Define maximum CBW on a per-band or per-frequency-sub-range basis, considering actual spectrum allocations and regulations.
· Discuss whether asymmetric UL/DL Max CBW could be considered for a device

Sub-topic 3-2: Min Channel Bandwidth
Agreement in last meeting:
· Agreement:
· Define minimum CBW based on SCS (e.g., 5 MHz for 15 kHz, 10 MHz for 30 kHz, 50 MHz for 120 kHz).
· Support 3 MHz with 15kHz SCS for particular bands subject to operator requests, commercial need and spectrum regulations, 
· Work with RAN1 for the chosen minimum CBW in initial access design to accommodate majority spectrum scenarios.

Sub-topic description 
The main observations and proposals are based on the inputs for this meeting. 
· Main observations
· Deciding the min/max BW requires a joint effort between RAN1 and RAN4 to ensure forward compatibility (DCI size, initial cell access).
· A larger min CBW is preferred to balance SSB periodicity and initial access delay.
· In 5G, the late introduction of 3MHz CBW led to PBCH design refinement (NBC issues), which should be avoided in 6GR.
· There is general consideration that 3MHz spectrum support is necessary for 6GR in specific cases, and 5MHz is often seen as a reasonable reference baseline.
· Main proposals
· Decouple the min CBW defined for specific spectrum bands from the min CBW required for initial access.
· RAN4 should focus on whether 3MHz UE CBW support should be “native” or “punctured” (like 5G NR).
· Allow larger min CBW definitions to be driven by specific operator requests and band-specific needs
· Recommended WF
· Adhere to the agreement from last meeting: 3MHz UE CBW is supported at least from spectrum perspective
· Joint effort with RAN1 for the minimum CBW relevant to initial access
· Collect views on minimum CBW for specific SCS
· [5 MHz for 15 kHz, 10 MHz for 30 kHz, 50 MHz for 120 kHz]
· Postpone the decision on minimum CBW for specific 6G operating bands until the WI stage
· CBW step size could be further considered after conclusion of max and min CBW with inputs from operators

Sub-topic 3-4: Numerology
Sub-topic description 
The main observations and proposals are based on the inputs for this meeting.
· Main observations
· Simplification & implementation: Multiple numerologies in the same band increase system scheduling and UE/gNB implementation complexity, leading to market fragmentation.
· While 5G NR specified multiple numerologies, only a limited number have been deployed in actual networks (e.g., 15 kHz for low/mid bands).
· Using different SCS for SSB and data/control channels increases UE complexity and causes data interruptions during measurements.
· RAN#110 concluded that 30 kHz SCS for mid-band (1–2.x GHz) FDD is not supported in 6G.
· Band-specific performance for ~15 GHz: 
· 30 kHz SCS performs well with low velocity and wide delay spread.
· 120 kHz SCS is robust against frequency offset and performs well in high-velocity scenarios with short delay spread.
· 60 kHz SCS is considered less ideal for the ~15 GHz scenario by some companies.
· Main proposals
· Unified numerology framework
· Single numerology: Adopt a single numerology per operating band (or sub-frequency range) as the baseline for 6G to simplify device design.
· SSB alignment: The same SCS should be applied to both the synchronization channel (SSB) and the data/control channels within the same band.
· Exception: the SCS of FR2-1 6GR sync signal could be 240 kHz
· SCS by frequency range (based on most companies’ proposals)
· FR1 FDD (<3 GHz): 15 kHz
· FR1 TDD (Sub-6 GHz): 30 kHz
· ~7 GHz Band: 30 kHz
· ~15 GHz Band:	FFS (30, 60, or 120 kHz), diversified views
· FR2-1 (24.25–52.6 GHz): 120 kHz
· Recommended WF
· Agree to the principle of a single SCS per operating band for data, control except PRACH, and sync channels to minimize UE complexity.
· Frequency sub-range/Band specific SCS values
· Co-ordinate and align with RAN1 discussion and agreements
· Postpone discussion of numerology for NTN and ISAC until further progress is made in RAN1.

Sub-topic 3-5: Spectrum utilization
Sub-topic description
The main observations and proposals are based on the inputs for this meeting.
· Main observations
· Limitations in NR: Several companies noted that 5G NR spectrum utilization for certain bandwidths is less than 90%. Specifically, enhancing SU for narrow bandwidths like 3 MHz or 5 MHz is considered very challenging.
· Relationship with SCS and bandwidth: In 5G NR, higher SCS generally results in lower spectrum utilization for the same channel bandwidth. FR1 does not follow a monotonic trend.
· Technical constraints: SEM is identified as the gating factor for edge RB allocations (specifically QPSK), while ACLR is the gating factor for full RB allocations.
· Guard band inconsistencies: There are instances where the guard band for a small channel bandwidth is larger than that of a large channel bandwidth, complicating the embedding of small bandwidths within larger ones.
· Main proposals
· Timing and dependencies
· Multiple companies propose deferring detailed SU evaluation until later stages or until related factors like waveforms, PA models, and RF core requirements (Rel-20) are finalized.
· SU evaluation assumptions should be consistent with those used for waveform, modulation, and RF requirement discussions.
· Evaluation assumptions & frameworks
· Use existing NR spectrum utilization as a baseline for FR1 unless a strong justification for improvement is provided.
· Evaluation should consider PA models, I/Q imbalance, phase noise, and emission requirements (SEM/ACLR).
· Apply the same spectrum utilization requirements for both UE and BS.
· Technical enhancements & targets
· Targets: Aim for SU in the 97% to 99% range for channel bandwidths >= 20MHz.
· Confinement techniques: Consider advanced spectrum confinement/shaping techniques, though some suggest these remain transparent in specifications.
· LCRB constraints: One proposal suggests informing RAN1 of limitations and studying the complexity of adding a root of 7 to the 6G LCRB constraint (e.g., LCRB=2^w*3^x*5^y*7^z).
· Recommended WF
· Agree on a set of common simulation assumptions for SU evaluation, including PA models, RF impairments (e.g., carrier leakage, I/Q imbalance, phase noise, etc.), and baseline RF requirements (e.g., SEM, ACLR, EVM).
· 5G NR channel bandwidth, requirements can be considered as starting point for the SU evaluation with new assumptions for 6G
· PA model
· New PA model is adopted for larger channel bandwidth, e.g. >=100MHz
· 5G PA model could still be adopted for small channel bandwidth
· RF impairments
· 6G new assumptions depend on the progress on UE RF discussion
· 5G assumptions could be used for initial evaluation for existing CBWs with new spectrum confinement techniques
· Evaluate SU and RF performance impact (complying with the affected requirements) with advanced spectral confinement techniques (e.g., better filtering, windowing) 
· Considering trade-offs between SU, RF performance, and UE/BS complexity
· Channel bandwidth and SCS with smaller SU should be prioritized
· E.g., 15kHz/5MHz and 30kHz/10MHz, 15MHz, and 20MHz cases
· SU for larger channel bandwidth shall be evaluated based on standard progress on CBW

Sub-topic 3-6: Asymmetric channel bandwidths
Sub-topic description 
The main proposals are based on the inputs for this meeting.
· Main proposals
· General consideration:
· Support for asymmetric UL/DL channel bandwidth in the 6G framework now, while deferring technical details to a later phase.
· Support asymmetric UL/DL CBW and subcarrier spacing (SCS) for bands below 16GHz (covering TN, NTN, FDD, and TDD).
· Apply asymmetric CBW in TDD bands starting from 6G day one.
· One view suggests there is no need to study asymmetric CBW in the 6G SI; instead, RAN4 should define it based on specific band requests from operators during the WI phase.
· Study aspects:
· FDD bands should generally stick to legacy schemes (fixed Tx-Rx separation and symmetric CBW) for minimum requirements in TN bands.
· Asymmetric CBW for FDD could be discussed on a case-by-case basis, specifically for NTN operations.
· Study the impact of asymmetric CBW on TDD operations.
· Perform further studies on potential enhancements compared to NR after minimum/maximum and fixed channel bandwidth sets are determined.
· Recommended WF
· Defer the detailed evaluation of asymmetric channel bandwidth to a later stage of the study item or to the work item phase.

Sub-topic 3-7: Irregular channel bandwidth
Sub-topic description 
The main observations and proposals are based on the inputs for this meeting.
· Main observations
· Implementation and perf considerations:
· Filter sensitivity: CBW is a critical parameter for both analog and digital baseband filter design. Using a filter from the nearest large regular CBW can lead to interference issues due to a lack of matching bandwidth.
· Complexity: Supporting flexible or new CBWs increases UE implementation effort and may require fast LO switching or additional dedicated digital filters.
· Existing limitations:
· NR capabilities: While Rel-18 10kHz raster helps resolve some demands above 10MHz via network scheduling (e.g., overlapping CA), issues remain for bandwidths under 10MHz (like 6/7MHz) due to SSB/Coreset exceeding overlapping regions.
· Choosing the nearest small regular CBW wastes spectrum, while choosing the nearest large regular CBW risks interference.
· Scalability:
· Generic approaches (e.g., BWP-like solutions or scalable formulas) could reduce the total number of regular bandwidths defined for 6G.
· Main proposals
· Technical approaches
· Scalable RF requirements: RAN4 should study a potential approach to specify RF requirements that scale with CBW rather than addressing cases individually.
· Universal/single solutions: Strive for a single, scalable solution that covers all irregular CBWs for 6G Day-1. If the number of irregular CBWs is large, a universal solution is preferred.
· BWP-like basis: Consider defining RF requirements based on actual configured/activated bandwidth (RB-basis) rather than a fixed CBW basis.
· Standardization aspects
· Step-size granularity: Explore flexible CBW with 1MHz granularity (specifically between 10, 15, and 20MHz) to fulfil operator requests while limiting the number of regular bandwidths.
· Test burden reduction: Define specific regular CBWs for testing purposes and apply those results to the irregular cases to reduce workload.
· Operator input: Collect specific operator requests for irregular spectrum (starting with 6, 7, 11, 12, and 13MHz) to prioritize development.
· Recommended WF
· Investigate and compare candidate solutions for flexible/irregular channel bandwidth.
· Investigate the feasibility of defining RF requirements based on the actual activated bandwidth (BWP-like) or using scalable formulas, assessing the impact on testability and performance.
· Collaborate closely with RAN1, RAN2 to ensure the higher-layer signaling and PHY design can support a flexible CBW framework.

3. Topic #3: Others
3 
Companies’ contributions summary
	TDoc
	Title
	Source

	R4-2600890
	Discussion on UE antenna number
	Huawei, HiSilicon

	R4-2601993
	Discussion on 6G system parameters
	Google Korea LLC



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Observations and Proposals/Options
Sub-topic 4-1: UE antenna number
Sub-topic description
The main proposals are based on the inputs for this meeting.
· Main proposals
· Proposal 1: Consider higher number of #Tx/#Rx as a potential method to meet the ITU IMT-2030 TPR and new services supported by 6GR.
· [bookmark: OLE_LINK1]Proposal 2: Study the supporting of higher #Tx/#Rx on 5G NR bands.
· Proposal 3: For 7GHz spectrum, study the supporting of 4T/8R for handheld UE and 8T/8R for FWA.
· Recommended WF
· Check views for above proposals.


Annex: Companies’ contribution proposals
4 
Waveform (inlcuding PA model)
· Proposals from CATT R4-2600312
	Proposal 1: Given that different PA model formulations can be equivalently represented within the GMP framework with suitable parameters, RAN4 could focus on GMP when developing PA models.
Proposal 2: RAN4 to consider providing RAN1 with a rough GMP model at this meeting with the parameters to be retuned at a later stage for RAN4’s own usage.
Proposal 3: RAN4 to provide RAN1 with a rough GMP model, with parameters obtained by fitting the input–output characteristics measured from a real PA operating at 7 GHz in a laboratory environment.
Proposal 4: For UL low PAPR waveform evaluation, RAN4 to focus on some typical scenarios where such Tx gain is practically most relevant, e.g., coverage-limited uplink conditions where the UE operates close to its maximum transmit power.
Proposal 5: For UL low PAPR waveform evaluation, RAN4 to carry out independent studies on spectrum extension, spectrum truncation and tone reservation and how these waveforms affect RF requirements under a realistic PA model.



· Proposals from Nokia R4-2600385
	Proposal 1: Support CP-OFDM waveform for downlink
Proposal 2: Support CP-OFDM and DFT-s-OFDM for uplink
Proposal 3: Transparent filtering approach is used for FDSS and FDSS-SE in 6G Radio.
Proposal 4: Frequency Domain Spectrum shaping (FDSS) and FDSS with spectrum extension (FDSS-SE) are supported in 6G Radio.
Proposal 5: Approve reply LS to RAN1 in R4-2600394



· Proposals from Nokia R4-2600384
	1. Overall Description:
This is a reply for RAN1 question on PA model and other relevant RF parameters for waveform evaluations, e.g. evaluations of PAPR reduction/MPR, at least for around 7GHz. 
RAN4 has not yet agreed any common PA model for 6G studies, and it is possible that no unified model is agreed at all, instead companies will use models they see re-presentative to their 6G implementation. Therefore, as it is RAN4’s understanding that there is urgency for RAN1 to proceed. RAN4 recommends RAN1 to continue using PA model assumptions based on companies input for both uplink and downlink studies. These models should be based on real PAs, for example measured AM-AM/AM-PM PA models and companies should provide details of the used PA model.
For those companies which do not have possibility to measure PA models, a candidate PA model can be found from RAN4 LS to RAN [1].
For the other relevant RF parameters for the UE, RAN4 recommends to use existing NR transmit signal quality requirements in clause 6.4 of TS 38.101-1.



· Proposals from Xiaomi R4-2600459
	Observation 1: RAN1 agreed to take 4GHz as operating frequency for intial evaluation given the PA model uncertanity on around 7GHz pending on RAN4 input.
Obseravtion 2: PA model for waveform evalution was to evalaute relative performance compared to reference waveform and PA model for RAN4 requirement  was used to develop absolute performance. 
Observation 3: It’s extremely chanllenege to develop well jutified PA model for around 7GHz before Q1’2026 due to strigent timeline and avalability of commercial PA compoents. 
Proposal 1: Decouple PA models for RAN1/RAN4 waveform evaluation and PA model used for RAN4 requirement development.
Propsoal 2: For PA Model of RAN1/RAN4 wavefrom evaluation, only PA model with consideration of memory effect shall be considered especially for wider BW on around 7GHz. 
Propsoal 3: If no well aligned PA model, it’s subject to companies to choose their own PA model for waveform evalution 
· PA model from TR 38.803 with memory effect can be considered as default one for RAN1 evaluation on around 4GHz if no well aligned PA model
Proposal 4: RAN4 shall continue the effort on generating more suitable PA model for RAN4 requirements development considering realistic commercial PA models and well callibrated on RF performance. 
Observation 4: RAN1 agreed low-PAPR evalution assumption and possible Low-PAPR directions including tone reservation, spectrum extension and spectrum truncation.
Proposal 5: Align simulation assumption between RAN1 and RAN4 for low PAPR evalution. 
Proposal 6: Inform RAN1 on RF requirements assumption for waveform assumption as agreed in RAN4 in last RAN4 meeting including ACLR, Tx EVM, and IBE which consideirng existing NR requirements as baseline. 
· On around 7GHz, using existing requirement on band n104 (u6GHz) as baseline subject to further update from UE RF thread
Waveform evaluation assumptions for RAN1/RAN4
	Parameter/Requirements
	Assumptions/Value
	Note

	PA model
	TBD
	Memory effect should be considered for ~7GHz with larger channel bandwidth

	Band under evaluation
	around 7GHz, other bands are not precluded
	n104 could be assumed for ~7GHz

	Channel Bandwidth (CBW)
	At least 100MHz, 200MHz
Other CBW based on inputs for PA models
	Same SU assumed for 200MHz as 100MHz

	Power class
	PC2 (26dBm), PC3 (23dBm)
	

	Complied requirements
	SEM
	TS 38.101-1 §6.5.2.2
	Subject to further adjustment pending on progress of UE RF, co-existence study

	
	ACLR
	TS 38.101-1 §6.5.2.4
	

	
	EVM
	TS 38.101-1 §6.4.2.1
	Considered for high modulation order/inner RB allocation, pending on RAN1 discussion

	
	IBE
	TS 38.101-1 §6.4.2.3
	

	Tx impairments
	Carrier Leakage
	-28dBc
	Subject to further adjustment pending on progress of UE RF study

	
	IQ image
	-28dBc
	

	
	CIM3
	-60dB
	

	PA calibration conditions
	CBW
	100MHz full RB allocation
	Other options are not precluded, pending on the further study in RAN4

	
	SCS
	30kHz
	

	
	Waveform
	DFT-s-OFDM
	

	
	Modulation
	QPSK
	

	
	Power class
	PC2/PC3
	

	
	Power backoff to meet ACLR
	1dB
	


Note: The table is considered as baseline for PA calibration.
Proposal 7: Taking following assumption from RAN1 for RAN4 evalution as well for initial evalution on around 4GHz
	
	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

	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



Observation 5: FDSS with specific filter may have advantage in PAPR while have disadvantage in receiver performance. Apart from net gain, implementation burden of a given filter needs to be considered for both transmit signal generation and receiver side CE/equalization operation. 
Proposal 8: RAN4 further evaluate for FDSS-SE based UL low PAPR waveform considering different filters assumption including Kaiser filter and 3-tap filter; and RAN4 focus on the Tx power gain and implementation complexity in receiver and transmitter side. 



· Proposals from Apple R4-2600574
	Proposal 1: In the evaluation, it is to be further discussed which ACLR requirement to use depending on the amount of power boosting rendered by the low PAPR waveform.  
Proposal 2: In the evaluation, companies can choose their own PA model and state clearly how the PA is calibrated to facilitate comparison. Use of supply voltage adaptations in case of high power back-off scenarios shall not be precluded.



· Proposals from vivo R4-2600667
	Waveform：
Proposal 1:  The baseline for 6G waveform research should consider both raw DFT/CP-OFDM and the already implemented enhanced waveform schemes in the spec:
- Raw DFT/CP-OFDM can serve as a baseline for both PAPR reduction and SU enhancement.
- Implemented waveform enhancement schemes (such as FDSS) should serve as another baseline for low-PAPR waveforms, i.e., any new waveform must demonstrate superior net gain performance compared to schemes like FDSS to be considered a valid enhancement.
Observation 1:  CFR-SE demonstrates superior performance in terms of PAPR and net gain compared to FDSS, FDSS-SE, CFR and TR.
Proposal 2:  Study transparent and non-transparent techniques to further reduce PAPR, including CFR-SE. RAN 4 could start the evaluation of affected RF requirements, such as EVM, ACLR, MPR and applicable requirements in the extended RBs if needed. 
Proposal 3:  RAN4 should align the simulation assumption for MPR evaluation for low PAPR waveform, the following table could be considered as a reference:
Simulation Assumption for MPR evaluation
	Parameter
	Value

	Carrier frequency and scenario
	7GHz (Urban), 3.5GHz

	Channel BW
	200MHz (for 7GHz band), 100MHz, 20MHz

	UE power class
	PC2, PC3

	SCS
	30 kHz, 15kHz

	Waveform
	DFT-s-OFDM, CP-OFDM,

	Modulation
	At least π/2-BPSK、QPSK

	Extension factor [FDSS-SE] / sideband size [TR][CFR-SE] (α), apply for non-transparent schemes
	0, 0.111(1/9), 0.125, 0.25, 0.375, 0.5 as starting point, other values not precluded


PA model：
Proposal 4:  For sub-6 GHz frequency band signals, as well as signals around 7 GHz with a bandwidth of less than 100 MHz, the 5G models can be reused, as referenced in the corresponding memoryless model in TR 38.830.
Observation 2:  When m is fixed and k is relatively low, the fitting accuracy near the input peak region of AM-AM is insufficient, which indicates an underfitting state.
Observation 3:  When k is fixed and m is relatively high, an overfitting effect will occur, resulting in a wider fitted curve for the AM-AM input peak region and a significant increase in out-of-band leakage of the PSD.
Observation 4:  For the 200M PA model, select a nonlinear order of 8 and a memory depth of 2 as the final fitting parameters. The corresponding NMSE = -31.4dB. 
Observation 5:  For the 100M PA model, select a nonlinear order of 7 and a memory depth of 3 as the final fitting parameters. The corresponding NMSE = -32.9dB. 
Observation 6:  Broadband signals require shorter memory depths and higher nonlinear orders, while narrowband signals can accommodate longer memory depths and relatively lower nonlinear orders.
Proposal 5:  The PC3 PA model with memory effect of 200M bandwidth for around 7G frequency band is as follows

y(n): The output signal of the nth sampling point
x(n): The input signal of the nth sampling point
K: Nonlinear order, take value of 8.
M: Memory depth, take values of 2.
​: Model coefficient matrix

	Memory based PC3 PA Polynomial model (200M)

	a0,1
	-9.14238622e+00 - 2.50093648e+01j
	a1,1
	-2.46801448e+00 + 8.27813471e-01j
	a2,1
	1.11439497e+00 - 4.29687531e-01j

	a0,3
	1.87498651e+01 - 7.94801775e+01j
	a1,3
	1.89501886e+01 + 3.48864498e+01j
	a2,3
	2.78854846e+00 - 2.24484247e+01j

	a0,5
	-1.17123444e+03 - 3.47777254e+03j
	a1,5
	-1.03351258e+03 + 1.90333011e+03j
	a2,5
		-6.92189277e+01 + 1.93480377e+03j

	a0,7
		6.37928376e+04 + 2.33168351e+05j
	a1,7
		1.45023679e+04 - 1.28792653e+05j
	a2,7
	5.22136167e+03 - 5.23975536e+04j

	a0,9
	-1.06795220e+06 - 4.05911920e+06j
	a1,9
	-1.32859587e+05 + 2.60419482e+06j
	a2,9
		-1.06618269e+05 + 7.27548405e+05j

	a0,11
		8.55482708e+06 + 3.37487759e+07j
	a1,11
		1.14613217e+06 - 2.49289496e+07j
	a2,11
		8.69478072e+05 - 5.68445021e+06j

	a0,13
		-3.45466644e+07 - 1.39878174e+08j
	a1,13
	-6.85528534e+06 + 1.16383734e+08j
	a2,13
		-2.79011209e+06 + 2.39757897e+07j

	a0,15
		5.70807694e+07 + 2.32821734e+08j
	a1,15
		1.68968913e+07 - 2.13451427e+08j
	a2,15
		2.04186760e+06 - 4.25737769e+07j


Proposal 6:  The PC3 PA model with memory effect of 100M bandwidth for around 7G frequency band is as follows

y(n): The output signal of the nth sampling point
x(n): The input signal of the nth sampling point
K: Nonlinear order, take value of 7.
M: Memory depth, take values of 3.
​: Model coefficient matrix

	Memory based PC3 PA Polynomial model (100M)

	a0,1
	-4.77719730e-01 + 2.24168134e+01j
	a1,1
	8.38188385e+00 + 1.18702410e+01j
	a2,1
	-7.67804529e+00 - 1.22093585e+01j
	a3,1
	2.32750874e+00 + 4.20967176e+00j

	a0,3
	-1.74492957e+01 + 4.92359296e+01j
	a1,3
	2.96063305e+01 - 5.32354340e+01j
	a2,3
	5.62951175e+00 + 4.34443316e+01j
	a3,3
	2.01399386e+01 - 1.09605427e+01j

	a0,5
	-8.98826975e+02 + 1.27577672e+03j
	a1,5
	-9.22569925e+02 - 4.58901528e+02j
	a2,5
	-6.61005032e+02 - 1.35739360e+03j
	a3,5
	-1.21142964e+03 + 1.99559746e+02j

	a0,7
	3.09544724e+04 - 1.07105471e+05j
	a1,7
	2.37092395e+04 + 5.68230115e+04j
	a2,7
	1.96480251e+04 + 1.88253421e+04j
	a3,7
	3.31901649e+04 - 8.28113612e+02j

	a0,9
	-4.51805825e+05 + 1.50721849e+06j
	a1,9
	-3.34660576e+05 - 9.66045483e+05j
	a2,9
	-2.85105812e+05 - 1.24927829e+05j
	a3,9
	-4.61058530e+05 - 1.55413027e+04j

	a0,11
	3.12726871e+06 - 8.61147896e+06j
	a1,11
	2.28790752e+06 + 6.56559099e+06j
	a2,11
	1.98672175e+06 + 3.15477725e+05j
	a3,11
	3.10446930e+06 + 1.95853544e+05j

	a0,13
	-8.12757739e+06 + 1.80971663e+07j
	a1,13
	-5.93387391e+06 - 1.61211722e+07j
	a2,13
	-5.23054157e+06 + 7.06402679e+03j
	a3,13
	-7.95973750e+06 - 6.33528334e+05j


Observation 7:  The effective bandwidth of the PA model with memory effect must be greater than or equal to the bandwidth of the signal; otherwise, the model cannot accurately simulate the nonlinear distortion of the signal caused by the PA.
Observation 8:  Models trained with narrowband data demonstrate poor upward compatibility, leading to relatively lower PSD accuracy when applied to wideband signals. Moreover, the greater the discrepancy between the PA model's bandwidth and the actual signal bandwidth, the poorer the fitting performance becomes.
Observation 9:  When a 100M input signal is fed into a 20M memory-based PA model, significant fluctuations appear within the band of the fitted curve, and ACLR also deteriorates noticeably. The 100M PA model with memory effect may not be applicable to 400M signals.
Proposal 8:  The PA models with memory effects used for 100M and 200M signals should be separate and not be interchangeable.
Observation 10:  When using a PA model with memory effects, if the sampling rate of the input data does not align with the sampling rate of the data used for model training, it will lead to a misalignment of the model's memory depth, severely degrading the model's performance.
Proposal 9:  When using a PA model with memory effects, the sampling rate of the input data should be aligned with the sampling rate of the model.
Observation 11:  The PA model should only reflect the PA's inherent physical characteristics. DPD should be considered as a method for optimizing performance metrics.
Proposal 10:  Include the content of Annex A as a TP in the TR documenting 6G PA models. 



· Proposals from LG Electronics R4-2600691
	[Waveform]
Observation 1:  In aspect of delta MPR based on ACLR, 
· Rapp model: delta MPR is almost same up to CBW 200MHz relative to CBW 10MHz
· GMP1 model: delta MPR increases from CBW 100MHz (about 0.1dB) to 200MHz (about 1dB)  relative to CBW 10MHz
· GMP2 model: delta MPR increases from CBW 50MHz (about 0.2dB) to 200MHz (about 1dB) relative to CBW 10MHz
Observation 2:  In aspect of delta MPR based on SEM, 
· Rapp/GMP1/GMP2 model: delta MPR is almost same up to CBW 200MHz relative to CBW 10MHz.

Proposal 1: RAN4 needs to wait RAN1 agreement/input on Low-PAPR techniques for CP-OFDM and DFT-s-OFDM. 
Proposal 2: Consider delta MPR as ‘Tx power gain relative to the reference’. 

[PA]
Proposal 3: RAN4 does not consider a unified PA model for RF requirement evaluation.
Proposal 4: RAN4 provide PA models in TR38.803 for RAN1.



· Proposals from ZTE R4-2600785
	Observations:
Observation 1: For 6GR, CP-OFDM and DFT-s-OFDM waveforms are the basis for UL and CP-OFDM waveform is the basis for DL, and there are lots of other OFDM based waveforms for UL and DL under discussion in RAN1. However, there are not candidate waveforms agreed in RAN1 so far. 
Observation 2: If there is not a finite set of waveforms to be evaluated or an aligned evaluation assumptions, it is very difficult for RAN4 to collect and align simulation results. Just a collection of results from so many companies may not be meaningful for RAN1. 
Observation 3: It is unsuitable to compare the simulation results and achieve commonly accepted results in RAN4 if there are not aligned simulation assumptions.
Observation 4: TR waveform can bring obvious PAPR improvement. 
Observation 5: SLM waveform can bring obvious PAPR improvement. 
Observation 6: It was already demonstrated in Rel-18 NR coverage enhancements that FDSS w/o SE can provide the net gain for QPSK and pi/2 BPSK.
Observation 7: The flexibility of adjusting frequency-domain truncation in I-modulation waveform allows network to balance PAPR, link-level performance and spectral efficiency.
Proposals:
Proposal 1: Wait for candidate waveforms from RAN1 with aligned evaluation configuration assumptions, including but not limited to: carrier frequency, channel bandwidth, sub-carrier space, power class, modulation order, RB allocation, DMRS configuration.
Proposal 2: Unified evaluation principles are needed in RAN4 to derive the Tx power gain and compare the results from different companies.
Proposal 3: Consider the proposed PC2 and PC3 PA models for 6GR waveform evaluation.



· Proposals from CMCC R4-2600811
	Proposal 1: the carrier leakage and IQ image for waveform evaluation assumption are suggested to be updated to 34dBc to meet EVM requirements for 256QAM for up to 200MHz CBW.
Observation 1: when UE support max 400MHz CBW, the memory effect should be taken into consideration for PA modeling.
	target
	technology
	drawbacks

	High PAE
	Higher Vcc supply
	Need DC-DC boost
The most effective solution based on a comprehensive comparison

	
	ET PA 
	ET PA needs high efficiency ET modulator
Currently, ET PA can’t support larger than 100MHz

	
	High accuracy APT PA
	Further study how to model it with PA modeling.

	
	Increase PA load-line
	Needs increase Vcc for higher output power but the enhancement is limited

	
	Push-Pull or Doherty PA
	Induce linearity issues, no use for current <6GHz UE

	High linearity
	DPD
	Adapt the separate Rx chain and DPD algorithm



Observation 2: above list the candidate solutions to enhanced PA PAE and linearity performance with corresponding drawbacks, among which, higher Vcc supply is the most effective and widely implemented in 5G.
Observation 3: PA efficiency enhancement technique like APT and/or ET and/or Doherty PA are necessary for 6GR which will require DPD to enhance linearity. There is no consensus of memory or memory-less DPD.
Proposal 2: PA modelling is suggested to take individual PA, APT/ET/Doherty technique and DPD technique all into consideration to make such PA efficiency and linearity enhancement technique agnostic for final simulation/analysis.



· Proposals from Huawei R4-2600885
	Evaluation cases
Proposal 1: No parallel RAN4 study is foreseen for evaluation on DFT-s-OFDM for UL with number of layers > 1. Any necessary requirements for this waveform would be handled during the WI phase, if needed.
Observation 1: DFT-s-OFDM with lower PAPR compared to CP-OFDM would deliver higher output power, which has been justified for UL from UE side.
Observation 2: Maximum output power for BS side is up to manufacturer’s declaration and no PA model has been discussed and adopted before for BS evaluation.
Proposal 2: DFT-s-OFDM for DL should be a pure RAN1 evaluation, which should not rely on a RAN4 PA model for DL. No need for RAN4 to have discussion on DL PA model.
Proposal 3: RAN4 focus on the PA model and other evaluation assumptions, including applicable requirements, in the absence of inputs from RAN1 pertinent to waveform evaluation.
Evaluation assumptions
Proposal 4: Existing 5G requirements on 100MHz CBW around 7GHz with a power class 2 PA could be considered as starting point for initial waveform evaluation. Assumptions could be adjusted upon the progress of 6G study across different topics in RAN4.
Table 1: Waveform evaluation assumptions
	Parameter/Requirements
	Assumptions/Value
	Note

	PA model
	TBD
	Memory effect should be considered

	Band under evaluation
	around 7GHz
	n104 could be assumed

	Channel Bandwidth (CBW)
	100MHz
	

	Power class
	PC2 (26dBm)
	

	Complied requirements
	SEM
	TS 38.101-1 §6.5.2.2
	Subject to further adjustment pending on progress of UE RF, co-existence study

	
	ACLR
	TS 38.101-1 §6.5.2.4
	

	
	EVM
	TS 38.101-1 §6.4.2.1
	Considered for high modulation order/inner RB allocation, pending on RAN1 discussion

	
	IBE
	TS 38.101-1 §6.4.2.3
	

	Tx impairments
	Carrier Leakage
	-28dBc
	Subject to further adjustment pending on progress of UE RF study

	
	IQ image
	-28dBc
	

	
	CIM3
	-60dB
	

	PA calibration conditions
	CBW
	[20MHz full RB allocation]
	Other options are not precluded, pending on the further study in RAN4

	
	SCS
	15kHz
	

	
	Waveform
	DFT-s-OFDM
	

	
	Modulation
	QPSK
	

	
	Power class
	PC2
	

	
	Power backoff to meet ACLR
	1dB
	


Evaluation metric
Proposal 5: Adopt the same the “Net Gain” evaluation criterion as agreed by RAN1 for further low PAPR evaluation when necessary.
Observation 3: I/Q offset DFT-s-OFDM can provide certain net gain over NR DFT-s-OFDM QPSK and the gain becomes larger when considering RB allocation in the outer region and/or larger RB size.
Observation 4: AI/ML-based PAPR reduction can achieve additional net gain on top of the low PAPR waveform when considering RB allocation in the outer region.
PA model
Proposal 6: Send the LS as a reply on R4-2520006.
	1. Overall Description:
RAN4 received LS (R4-2520006) from RAN1 on guidance of which PA models should be adopted for 6G waveform evaluations for at least around 7GHz. In general, since realistic BS PA models often use algorithms such as Crest Factor Reduction (CFR) and/or Digital Pre-Distortion (DPD) to improve PA performance and such algorithms are implementation-dependent, it is difficult for RAN4 to agree on a common model. As such, the info provided below is mainly for UE PA models.
For large channel bandwidths (CBW) the memory effect plays an important role to increase the out of band emission of the PA and since for the bands around 7GHz the large CBWs (≥100MHz) are desired, the corresponding models should include memory effect. On the other hand for low CBW as the memory effect is less present, the models adopted for 5G study can still be considered as alternative.
It is worth noting that PA models, particularly those derived from measurement data, are accurate only within their corresponding frequency band and power class. Therefore, multiple PA models are provided for different frequency sub-ranges and power classes.
PA Models for large CBWs around 7GHz:
For RAN1 waveform evaluations the following generalized memory polynomial PA models are suggested to be used:
Model 1: It is a PC2 PA model calibrated at with agreed PA calibration conditions (R4-2522450)

Where , , , M and K are the PA input signal in volts, PA output signal in volts, model coefficients, memory depth, and the polynomial order, respectively.

	Memory based PC2 PA Polynomial model (K=7, M=3)

	a0,1
	 1.78125421e+01+3.96234802e+00j
	a1,1
	        7.75483096e+00-1.06941812e+01j
	a2,1
	       -7.72899765e+00+9.04484189e+00j
	a3,1
	        2.48795348e+00-2.76518830e+00j

	a0,3
	        9.75722189e+01+9.49718204e+01j
	a1,3
	       -6.46736904e+01+1.55427298e+01j
	a2,3
	        2.65557457e+00-1.41372308e+01j
	a3,3
	        8.14834939e+00+3.68035394e+00j

	a0,5
	       -4.36921775e+03-2.90487370e+03j
	a1,5
	        3.25651083e+03-5.88392401e+02j
	a2,5
	       -5.23038528e+02+4.58746411e+02j
	a3,5
	       -1.51258701e+02-1.40300633e+02j

	a0,7
	        6.67412504e+04+3.62371316e+04j
	a1,7
	       -4.19280551e+04+6.06657427e+03j
	a2,7
	        3.95605656e+03-5.72662196e+03j
	a3,7
	        4.02914882e+03+1.39078164e+03j

	a0,9
	       -5.42918789e+05-2.29695739e+05j
	a1,9
	        2.56101445e+05-3.11728454e+04j
	a2,9
	        9.08023985e+02+3.43943069e+04j
	a3,9
	       -4.26449208e+04-3.95132361e+03j

	a0,11
	        2.19218318e+06+7.35795077e+05j
	a1,11
	       -7.70951908e+05+8.54072559e+04j
	a2,11
	       -8.90153246e+04-1.02613131e+05j
	a3,11
	        1.90424815e+05-6.66193945e+03j

	a0,13
	       -3.40445900e+06-9.45835587e+05j
	a1,13
	        9.20919772e+05-1.00871883e+05j
	a2,13
	        2.14152570e+05+1.22085816e+05j
	a3,13
	       -3.07290090e+05+3.43617693e+04j

	NOTE 1: The front-end IL of 4dB is already considered in the model.
NOTE 2: PA input signal and PA output signal sampling rate was 614.4 MHz.
NOTE 3: The model input signal is clipped at 5dBm (0.39764 VRMS with an impedance of 50 Ohm)


Model 2: Another model was obtained using the following coefficients:
	Memory based PC3 PA Polynomial model (100M, K=7, M=3)

	a0,1
		-4.77719730e-01 + 2.24168134e+01j
	a1,1
	8.38188385e+00 + 1.18702410e+01j
	a2,1
	-7.67804529e+00 - 1.22093585e+01j
	a3,1
	2.32750874e+00 + 4.20967176e+00j

	a0,3
	-1.74492957e+01 + 4.92359296e+01j
	a1,3
	2.96063305e+01 - 5.32354340e+01j
	a2,3
	5.62951175e+00 + 4.34443316e+01j
	a3,3
	2.01399386e+01 - 1.09605427e+01j

	a0,5
	-8.98826975e+02 + 1.27577672e+03j
	a1,5
	-9.22569925e+02 - 4.58901528e+02j
	a2,5
	-6.61005032e+02 - 1.35739360e+03j
	a3,5
	-1.21142964e+03 + 1.99559746e+02j

	a0,7
	3.09544724e+04 - 1.07105471e+05j
	a1,7
	2.37092395e+04 + 5.68230115e+04j
	a2,7
	1.96480251e+04 + 1.88253421e+04j
	a3,7
	3.31901649e+04 - 8.28113612e+02j

	a0,9
	-4.51805825e+05 + 1.50721849e+06j
	a1,9
	-3.34660576e+05 - 9.66045483e+05j
	a2,9
	-2.85105812e+05 - 1.24927829e+05j
	a3,9
	-4.61058530e+05 - 1.55413027e+04j

	a0,11
	3.12726871e+06 - 8.61147896e+06j
	a1,11
	2.28790752e+06 + 6.56559099e+06j
	a2,11
	1.98672175e+06 + 3.15477725e+05j
	a3,11
	3.10446930e+06 + 1.95853544e+05j

	a0,13
		-8.12757739e+06 + 1.80971663e+07j
	a1,13
		-5.93387391e+06 - 1.61211722e+07j
	a2,13
		-5.23054157e+06 + 7.06402679e+03j
	a3,13
	-7.95973750e+06 - 6.33528334e+05j

	NOTE 1: PA input signal and PA output signal sampling rate was 491.52 MHz.
NOTE 2: The model input signal is clipped at 4.6dBm (0.3801 VRMS with an impedance of 50 Ohm)



Model 3: 
TBA
PA Models for other frequency sub-ranges:
Model x:
TBA, if needed
For small CBWs without obvious memory effect, the PA models recommended for 5G study in TS 38.803 can still be considered for 6G. 
The above recommendations would by no means imply that the RF requirements for 6G will be based on such models.



draft LS as above



· Proposals from Spreadtrum R4-2601052
	Proposal 1: We can wait for the RAN1’s progress and outcomes to derive the MPR/AMPR for low-PAPR waveform from RAN4 perspective. 
Observation 1: For DFT-s-OFDM UL with number of layers, from RAN4 perspective, PUSCH configuration for uplink full power transmission doesn’t include > 1 layers of DFT-s-OFDM, which can be specified in WI stage.



· Proposals from Tejas Networks R4-2601103
	Observation 1: Wide bandwidth operation above 100 MHz exposes memory and asymmetry effects that existing PA models cannot capture, causing inconsistent MPR and RF compliance results and reducing reproducibility across companies.
Observation 2:  For Stage 1 waveform evaluation, PA behavioral models such as the GMP are appropriate for PC2 and PC3 cases, since they capture relevant PA memory effects and support consistent comparison of waveform induced linearity performance.
Observation 3: Minimal cross‑modulation terms capture spectral asymmetry efficiently without parameter explosion.
Proposal 1:  Support staged PA model development for fair waveform comparison and RF feasibility assessment. Support the staged development of the PA model.
Proposal 2:  Consider a GMP based PA model to RAN1 as the Stage 1 deliverable, since it offers an optimal choice for timely and consistent waveform comparison.
Proposal 3: Develop and refine Stage 2 PA models in RAN4 to capture realistic memory behaviour and wideband effects, ensuring accurate RF requirement assessment.
Proposal 4: Validate models using measured FR1 and FR2 wideband PA data and standardized impairments to improve reproducibility and comparability.



· Proposals from Samsung R4-2601122
	Waveform evaluation assumptions
Observation 1:	A common set of evaluation assumptions for waveform is supported as the starting point for RAN4/RAN1-aligned evaluations.
Observation 2:	In practical systems, the advantages of PAPR reduction techniques tend to be most apparent in the operating range where PA nonlinear behavior begins to prevail. Consequently, the conclusions drawn may differ if each method (or each company) implicitly assumes a different operating point. 
Observation 3:	To enable a clearer comparison of PAPR reduction scheme performance, companies may provide results at one or a few additional input scaling points or a small input scaling range around the baseline operating condition, using the agreed evaluation assumptions for RAN1 PAPR simulations and the PA model provided by RAN4.
Proposal 1:		RAN4 could recommend that RAN1 include an additional input operating point or range, close to the baseline calibrated condition, when evaluating PAPR reduction options under the shared PA model and assumptions.
Proposal 2:		A brief note could be included in the evaluation assumptions table, for example: “Note: For PAPR simulations using Table 1, it is recommended to examine a wider input-scaling range to enhance comparability among different PAPR reduction methods.” 
PA model
Observation 4:	The PA model would consist of a memory polynomial representation capable of handling the wide modulation bandwidth under consideration (on the order of 100–200 MHz). 
Proposal 3:		A measurement-based GMP PA model is proposed as an initial waveform evaluation PA model to be sent to RAN1 (Ka = 7, La = 5, Kb = 7, Lb = 2):

Evaluation of UL low PAPR waveform
Observation 5:	To mitigate PAPR, DFT-s-OFDM combined with FDSS is being actively investigated as a means to enhance uplink coverage in 6GR. 
Observation 6:	For π/2-BPSK transmission, FDSS employing a half-sine pulse filter attains an extremely low PAPR, remaining under 1 dB. 
Observation 7:	Based on the proposed PA model, the half-sine pulse filter meets the current in-band emission requirement, so the effective occupied bandwidth remains unchanged.
Observation 8:	The reduction in PAPR results in a substantial coverage improvement when FDSS is employed and the receiver has knowledge of the filter.
· If no filter is specified, the advantage of using FDSS in DFT-s-OFDM remains limited.  
Proposal 4:		To enhance UL coverage by leveraging PAPR reduction in DFT-s-OFDM, enable non-spec-transparent frequency domain spectrum shaping (FDSS). 
· Identify and study FDSS filter designs to achieve the maximum possible reduction in PAPR.



· Proposals from Ericsson R4-2601381
	Observation 1: for RAN4, a specific PA model cannot be assumed for specifying requirements during the work-item phase, but more details on e.g. memory polynomials could be assumed for the 6G SI.  
For RAN4 we propose
Proposal 1: Tx assumptions with a cascaded DPD and PA is relevant for state-of-the-art design and should be considered in studies of e.g. DPoD performance and any corresponding UE requirements with increased EVM.
and observe
Observation 2: improvements of the EVM for 64QAM with DPD are also observed for 7 GHz (different PA technology to that used for the mid-band results). GaN technology provides good power capability for the 7 GHz range.
For the RAN1 reply we propose that
Proposal 2: in the event RAN4 cannot agree upon a PA model for the RAN1 LS reply, this can be limited to a set of guidelines and recommendations on Tx modelling for the RAN1 waveform studies.



· Proposals from Sony R4-2601396
	Observation 1: The memory effect becomes prominent for BW larger than > 100 MHz, which would affect the out-of-band emission level and shape, as well as in-band EVM performance.  
Observation 2: ET has been widely used in handheld today to improve and trade off the PAE of the transmitter. 
Observation 3: ET typically does not work well with a BW larger than 100 MHz today, due to the limited efficiency and dynamic range of the ET modulator. 
Observation 4: Modelling ET behaviour with PA is complicated. 
Observation 5: Simple forms of DPD, e.g., lookup-table-based DPD, are used in handheld devices to improve the linearity of the PA. 
Observation 6: The DPD algorithm linearizes the peak points in the compression region of the PA for both amplitude and phase. Along with it, DPD also reduce the memory effect, i.e., the spread of the curve, though the effect pending on the DPD implementation. 
Proposal 1: a Generalized Memory Polynomial (GMP) or other modelling method which can include the memory effect should be used as baseline method for PA modelling in 6GR study
Proposal 2: RAN4 defines a PA model based on a Generalized Memory Polynomial (GMP) model, taking into account the DPD effect.
Proposal 3: The bandwidth of DPD needs to be considered in PA modelling.



· Proposals from MediaTek R4-2601446
	Observation 1: Memoryless polynomial is not proper for the case channel bandwidth >=100MHz
Proposal 1: Memory polynomial shall be considered for wider channel bandwidth PA model
Observation 2: We’ve tried from 9th-order, 5taps to 17th-order, 9taps for 400MHz, CP-OFDM-256QAM. Simulated with the modelled coefficient sets still not well fit the measured performance
Proposal 2: Adopt 13th-order, 5-taps memory polynomial model (including the model coefficients listed below) for UE CBW up to 200MHz:
	Order
	a
	b
	c
	d
	e

	1st
	26.8380 - 23.6313i
	-57.3394 + 47.11957i
	64.7325 + 50.1803i
	-78.4770 - 87.9854i
	43.7875 + 32.6173i

	3rd
	-1.6317e+01 + 1.2775e+02i
	1.8600e+00 - 2.2936e+02i
	-1.9485e+02 - 4.0389e+02i
	2.8627e+02 + 1.0081e+03i
	-1.2531e+02 - 5.0538e+02i

	5th
	2.5094e+02 - 4.2272e+02i
	3.0675e+02 + 1.8769e+03i
	-8.8685e+02 - 3.3180e+03i
	7.9264e+02 + 2.7869e+03i
	-1.2710e+02 - 1.0850e+03i

	7th
	-1.5152e+02 + 2.442e+03i
	-2.3357e+03 - 1.1455e+04i
	4.6142e+03 + 2.0568e+04i
	-3.7744e+03 - 1.7583e+04i
	5.8597e+02 + 6.6501e+03i

	9th
	-9.0013e+02 - 4.6429e+03i
	5.1429e+03 + 2.3319e+04i
	-6.5637e+03 - 4.2560e+04i
	3.6116e+03 + 3.6511e+04i
	4.6274e+02 - 1.3704e+04i

	11th
	1.4287e+03 + 3.7687e+03i
	-4.5384e+03 - 2.0828e+04i
	3.3783e+03 + 3.9299e+04i
	1.0863e+02 - 3.4271e+04i
	-1.8377e+03 + 1.2925e+04i

	13th
	-6.2956e+02 - 1.1042e+03i
	1.4479e+03 + 6.9018e+03i
	-3.0879e+02 - 1.3584e+04i
	-1.1111e+03 + 1.2112e+04i
	1.0845e+03 - 4.6128e+03i


Memory polynomials:





· Proposals from OPPO R4-2601448
	Waveform
Observation 1: 	Aligning simulation assumption helps to make simulation result comparable.
Proposal 1: 	To update the simulation band to 4GHz, i.e., band n78.
Proposal 2: 	The PA model can be based on band n78 and to consider at least 100MHz for evaluation.
Observation 2: 	For waveform simulation, the channel bandwidth, PA model and calibration point has been changed and different from 5G MPR simulation.
Proposal 3: 	The Tx power gain reference should be the MPR using the legacy waveform with new simulation assumption.
PA model
Observation 3: 	In the latest RAN1 agreement, it seems 4GHz will be used as the targeting frequency to do the evaluation of waveform which is different from their LS sent two meetings ago.
Proposal 4: 	Below n79 100MHz GMP PA model can be considered with memory depth M = 3 and poly order K = 5.

	
	k = 1
	k = 2
	k = 3
	k = 4
	k = 5

	m = 0
	1.24100038872962 - 0.0831368575300736i
	-0.463340338937706 + 0.101363976888891i
	1.26901654946376 - 0.0720028018021318i
	-1.43394604933662 + 0.239529480083968i
	0.311614480209606 - 0.341679426545316i

	m = 1
	-0.124904834225151 + 0.0985131060907833i
	0.00308291501654481 + 0.0514108710576260i
	-0.181239524012283 - 0.287147428096619i
	0.532131005999187 + 0.508260249170445i
	-0.273169554049464 - 0.308931076102838i

	m = 2
	0.266858623504599 - 0.0960971965549797i
	-0.0211895925916308 - 0.00596034296608958i
	0.164616933475616 + 0.101644617541411i
	-0.371232225003208 - 0.198394522680648i
	0.185836703475180 + 0.130436532035389i

	m = 3
	-0.186254778642275 + 0.0464461010255326i
	0.0353184555081896 + 0.0719981097161610i
	-0.157707539584257 - 0.261669803610032i
	0.256173858313972 + 0.383789794112876i
	-0.112000236856695 - 0.200342960880782i


Observation 4: 	The memory effect seems not severe in the high-power region which usually is RAN4 concerned area. That means, for RAN4 MPR evaluation, memory effect is nice to have but may not be the key role in the results (if MPR itself is not too large). 
Observation 5: 	If the low power region is the targeting power region, the memory effect should be carefully considered. 
Observation 6: 	PA is different from UE to UE and from company to company. There is no single answer for it.
Proposal 5: 	RAN4 can proceed with sending a PA model to RAN1. The PA model can be memory PA if agreed, otherwise the memoryless PA model can be considered.
Proposal 6: 	There is no need to align the PA model for RAN4 requirement evaluation.



· Proposals from NTT DOCOMO R4-2601465
	Observation 1: The achievable maximum output power is determined by the most limiting factor among all simultaneously applicable RF requirements (e.g., SEM, ACLR, EVM).
Observation 2: If the reference baseline performance varies depending on simulation assumptions, it becomes difficult to fairly compare the Net Gain results across different companies.
Proposal 1: The maximum output power for the candidate waveform evaluation should be determined by the most limiting factor among all considered RAN4 requirements (e.g., ACLR, SEM, EVM). Companies should verify compliance with all applicable metrics and report which requirement acts as the bottleneck.
Proposal 2: For the calculation of Net Gain, the reference baseline (e.g., MPR for DFT-s-OFDM) should be based on the existing RAN4 requirements (e.g., TS 38.101-1) or a common fixed baseline curve, to ensure a consistent comparison against legacy network performance.



· Proposals from Amazon R4-2601866
	PAPR reduction
Proposal 1: Explore and study a variety of waveform candidates to improve the PAPR of downlink transmissions from NTN base stations.
[bookmark: _Hlk221174514]GNSS-resilient proposals: 
Proposal 2: Explore downlink synchronization signals robust to large Doppler shift and large timing uncertainty. 
Proposal 3: Explore RACH designs that are robust to large Doppler shift and large timing uncertainty. 
Proposal 4: Support enhanced close-loop timing and frequency adjustment with consideration for signaling overhead.



Channel bandwidth
· Proposals from InterDigital R4-2600097
	Observation 1: RAN1 agreed to support maximum channel bandwidth of 400MHz at the BS side.
Observation 2: 5G supports already 400MHz maximum channel bandwidth in FR2.
Observation 3: Intra-band Carrier Aggregation introduces additional RRC configuration overhead, as each component carrier requires a full set of configuration parameters.
Observation 4: For uplink intra-band Carrier Aggregation, UE transmit power is shared across component carriers, and per-CC scheduling may lead to carrier imbalance. In addition, local oscillator placement near the center of the aggregated band can generate image components that rigidly impact IBE and OBE.
Observation 5: CC activation/deactivation causes interruptions, and BWPs defined per CC introduce additional interruptions.
Observation 6: Per-CC RRM measurements are reported independently, leading to increased RRC reporting overhead.
Observation 7: Supporting a single 400 MHz channel reduces RRC configuration overhead and RRM burden and enables more flexible BWP operation.
Proposal 1: Support 400 MHz as the UE maximum channel bandwidth in the 7 GHz band.
Observation 8: Assuming two LOs for TDD bands provides uplink coverage benefits through improved MPR and A-MPR performance.
Proposal 2: RAN4 shall study support of 400 MHz UE maximum channel bandwidth assuming a two-local-oscillator architecture.
Observation 9: A monolithic architecture as described in Option 1 is the most straightforward and NR-compatible solution from a specification perspective; however, its power consumption and implementation complexity scale with the maximum channel bandwidth rather than the actual utilized bandwidth.
Observation 10: RF splitting enables improved RF performance and power savings for wide bandwidth operation but introduces additional RF chain synchronization requirements.
Observation 11: FFT/IFFT splitting improves scalability and power efficiency through modular processing and partial resource shutdown but introduces additional alignment complexity across FFT/IFFT blocks.
Observation 12: Depending on the aspect of baseband processing that is split, BB splitting enables scalability through parallel processing but may introduce additional coordination complexity across processing units.
Proposal 3: RAN4 is invited to consider the options listed by RAN1 LS for further evaluation.



· Proposals from KDDI R4-2600254
	Proposal 1: The numerology discussion for 6GR in legacy band has impact on MRSS. It is proposed to follow RAN1 agreements to take 15KHz SCS for FDD.
Proposal 2: Specify single numerology per operating band.
Proposal 3: Consider a possibility of spectrum sharing case with wider channel bandwidth by multiple operators.



· Proposals from CATT R4-2600314
	Proposal 1: RAN4 to consider mandate support for 200MHz channel bandwidth while making 400MHz channel bandwidth optional, and further focus study on the potential RF requirement impacts associated with 16k-FFT and 2x8k-FFT implementation at this stage.
Proposal 2: RAN4 to consider the following aspects before conducting numerical evaluations of spectrum utilization:
(1) applying the same spectrum utilization for both UE and BS;
(2) considering guard-band size proportional to the channel bandwidth; and
(3) keeping confinement transparent in the specifications.
Proposal 3: RAN4 to reach a consensus that support for asymmetric UL/DL channel bandwidth should be included in the 6GR framework at this stage, and leave details at a later phase.
Proposal 4: RAN4 to consider the feasibility study on a potential approach to specify RF requirements that are scalable with channel bandwidth rather than address specific irregular bandwidth cases individually.



· Proposals from Nokia R4-2600387
	Observation 1: For low velocity, 30 kHz SCS performs well with wide range of delay spread. 
· 120 kHz, 60 kHz and 30 kHz SCS perform almost equally well when delay spread is small 
· 30 kHz SCS is better compared to the others when delay spread is large
Observation 2: For high velocity, 120 kHz SCS performs well in most of conditions up to nominal delay spread (100 ns).
· Please note that performance of 30 kHz SCS (and 60 kHz) can be improved with additional DMRS in time
· 120 kHz SCS suffers from the increasing delay spread (e.g., the SCS does not perform well at 200 ns delay spread) 
Observation 3: Under short delay spread radio conditions (e.g., 50 ns), 120 kHz SCS performs well in wide range of speed and channel profile (i.e., TDL-D and TDL-C). 120 kHz SCS is the most robust SCS against frequency offset.
Observation 4: CPE compensation is necessary for the considered high MCS (e.g.,256QAM [0.895]).
Observation 5: Option 1 (i.e. single RF and joint BB) will provide the best performance and is aligned with the NR understanding on the operation and processing of a serving cell.
Observation 6: Option 2 (i.e. separate RF but joint BB) does not maintain the single-carrier properties for UL and therefore should be deprioritized. For DL operation, reduced performance may occur depending on RAN4 requirements. 
· In order to proceed with Option 2 DL, detailed RAN4 studies on t-f synchronization and other aspects are necessary.  
Observation 7: Option 3 (i.e. separate RF, FFT and BB) is the setup of intra-band CA operation, with fully independent/parallel operation of the two subbands / carriers. 
· The detailed BB processing split enabling e.g. a single PUSCH/PDSCH within a single serving cell (from network perspective) requires additional implementation (i.e. regular processing for up to 200MHz, modified processing for >200MHz for 30kHz SCS). 
· In addition, the same limitations when using separate RFs as for Option 2 apply: larger EVM and/or lost single-carrier properties for UL as well as risk for reduced DL performance (depending on RAN4 requirements).   
Observation 8: Option 4 (i.e. single RF but separate BBs)
· Can be seen as one UE implementation to structure the baseband processing of regular serving cell operation 
· Can also be seen as a scenario involving another baseband split, i.e., according to ‘contiguous intra-band CA’ (enabling fully independent processing of the two sub-bands)
· Another BB split would create two different UE operations within the cell, such as mimicking contiguous intra-band CA or enabling wideband PUSCH/PDSCH. This would increase the system complexity due to the need for separate processing for Option 4 UEs and regular UEs with limited capabilities (up to 200MHz).
Observation 9: Option 5 (i.e. separate RF, single FFT and separate BB) is having the same limitations as Option 3 in terms of unclear BB split (if not operating according to contiguous intra-band CA operation), reduced DL RX performance (depending on the RAN4 requirements) and lack of support for UL DFT-s-OFDM.

Proposal 1: Rule out the 60 kHz SCS option from Around 15 GHz scenario.
Proposal 2: Postpone the final selection between 30 kHz SCS and 120 kHz SCS for Around 15 GHz scenario until end of 2026.
Proposal 3: On the maximum channel bandwidth: 
· For Sub 6GHz (410 MHz-6.425 GHz) support up to 200 MHz (FFS up-to 400 MHz) Channel bandwidth for TDD and up to 100 MHz Channel bandwidth for FDD, respectively. 
· For around 15 GHz (8.4 to 24.25 GHz) support up to 400 MHz Channel bandwidth.  
· For FR2-1 (24.25 - 52.6 GHz) support up to 800 MHz Channel bandwidth.
Proposal 4: The 400MHz UE support for 30 kHz SCS should follow a unified processing and operational framework to avoid multiple implementations, thereby reducing specification and operational complexity for 6GR gNBs.    
Proposal 5: The support of UE CBW of 400 MHz with 30 kHz SCS is based on a single RF chain (per antenna port).
· Support for two RF chains per antenna port for Option 2 DL is FFS (requires RAN4 studies).
Proposal 6: 6GR to not require separate processing / handling for 400MHz UEs a gNB side to limit network complexity. 
· Note: The baseband partitioning for the required regular cell processing is up to UE implementation, which can be implemented by a single BB processing unit as in Option 1 or some clever partitioning of multiple BB units towards Option 4, if the required regular processing of signals of a cell is guaranteed by the UE. 
Proposal 7: RAN4 to adopt the following agreement made at RAN1 #122bis: “RAN1 assumes 400MHz maximum channel bandwidth at network side and 30kHz SCS around 7GHz”
Proposal 8: Support UE CBW of 400 MHz with 30 kHz SCS, and single RF chain (per antenna port).
· Consider allowing UEs to support in addition to symmetric CBW of 200MHz in UL & DL or 400 MHz in UL & DL also the option of an asymmetric CBW of 200MHz in UL combined with 400 MHz in DL. 
· Consider not allowing UE CBW < 200 MHz in a cell operating with 400 MHz BS CBW
Proposal 9: RAN4 to discuss how to mitigate testing increase when number of channel bandwidths is 6GR will be larger compared to 5G.



· Proposals from Xiaomi R4-2600456
	1.1 Overall scope
Observation 1: Joint effort from RAN1/RAN4 is required to decide min/max BW for 6GR with different consideration
· From RAN1 perspective, the minimum BW/RB and maximum BW/RB was majorly for whole 6GR system design which needs to ensure forward capability (DCI size, initial cell access, RB allocation)
· The CHBW sets including maximum CHBW in RAN4 majorly considered the spectrum availability, RF/BB feasibility and implementation restriction which shall be within the range of 6GR RAN1 system design on minimum system BW ~ Maximum system BW
[image: ]
Figure 1: Relationship between RAN1 BW and RAN4 CHBW sets
Observation 2:  following pain points observed from 5G on CHBW:
· Flexible numerologies and multiple CHBW sets as per band basis increase gNB, UE design and conformance test complexity without any usage on commercialization.
· 3MHz CHBW was introduced in later stage with PBCH design refinement (NBC issue)
Proposal 1: RAN4 initial study on CHBW focus on following direction:
· Unify candidate numerologies (including data and SSB) as sub-frequency range basis
· Decide minimum CHBW and maximum CHBW compatible with diverse device types 
1.2 Numerology
Observation 3: Multiple numerologies in same bands/sub-frequency range will bring unnecessary complexity to both gNB and UE with market fragmentation, and mixed numerologies on same carrier/bands will further increase 6GR system scheduling complexity and bring gNB/UE implementation challenge.
Observation 4: According to 6G SID, 6GR targets to avoid multiple numerologies for the same band/frequency sub-range.
Observation 5: According to RAN1 agreements, 6GR supports at least following SCS for data/control channel except PRACH
· FR1 FDD: 15kHz SCS
· FR1 TDD: 30kHz SCS
· ~7GHz: 30kHz SCS
· ~15GHz: FFS with 30KHz, 60KHz, and 120 kHz as candidate values for further study
· FR2-1: 120kHz SCS
Observation 6: RAN#110 concluded that SCS of 30kHz for mid-band (1-2.x GHz) FDD is not supported in 6G.
Proposal 2: Limit to single numerology as per sub-frequency range/per band basis at least for DL/UL control channel and data channel except PRACH
Proposal 3: On 5G migration spectrum/bands, harmonize the numerology between 5G and 6G by taking existing NR commercialization deployment choice into account.
Proposal 4: On ~7GHz (including FR1 U6GHz and 7.125GHz ~8.4GHz), 30kHz SCS shall be supported as default SCS. 
Sync channel numerologies 
Observation 7: Following pain points observed for NR SSB numerology (initial cell search)
· Multiple default SSB numerologies on some bands increase UE initial cell complexity 
· Mixed numerologies between SSB and data/control channel in FDM bring UE implementation complexity, and simultaneous reception belongs to UE capability which bring interruption in data channel when performing SSB measurement 
Observation 8: According to RAN1 agreements, same SCS applied for both sync channel and other channel except (PRACH) in the same band (FFS for FR2-1). 
Proposal 5: Same numerology is applied for SSB (initial cell access) and DL channel in same band 
Proposal 6: Following numerology choice is proposed on different sub-frequency ranges as default SCS
· FR1 FDD bands: 15kHz SCS
· FR1 sub-6GHz TDD bands: 30kHz SCS
· ~ 7GHz including FR1 u6GHz and 7.125 ~8.4GHz: 30kHz SCS
· FR2-1 24.25~52GHz: 120kHz SCS
	Frequency range
	SCS for data/control channel except PRACH
	SCS for PBCH (initial cell access)

	FDD bands in FR1 (<3GHz)
	15kHz
	15kHz

	TDD bands in FR1 sub-6GHz (<6GHz)
	30kHz
	30kHz

	6.425 ~ 7.125GHz (U6GHz in FR1)
	30kHz
	30kHz

	7.125GHz ~8.4GHz 
	30kHz
	30kHz

	24.25 GHz -52GHz (FR1)
	120kHz
	120kHz


Proposal 7: Numerology assumption for NTN and ISAC can be further discussed later pending on RAN1 progress. 
1.3 Minimum CHBW
Observation 9: Regarding minimum CHBW, two aspects need to be considered in RAN4 separately 
· “Minimum available spectrum from 6GR deployment” – Minimum CHBW per numerology basis (RAN4 scope)
· Lowest device capability that 6GR design can be applied with smallest maximum CHBW (RAN1/RAN4 joint effort)
Observation 10: The spectrum utilization under minimum CHBW is also pending on numerology, SU is relatively low with high numerology due to RB size granularity limitation e.g., 5MHz with 30kHz SCS. 
Observation 11: The BW size of common channel i.e., sync channel/coreset channel is also pending on numerology.
Proposal 8: Minimum CHBW is pending on numerology, supported minimum CHBW as following as per numerology basis:
· 15kHz: 5MHz in general, 3MHz applicable for particular bands below 1GHz
· 30kHz: 10MHz 
· 120kHz: 50MHz (FR2-1)
1.4 Maximum CHBW/FFT size
Observation 12: The maximum contiguous BW on refarming spectrum is not exceeding 200MHz. 
Observation 13: The regulation on ~7GHz is still under discussion in WRC-27, the situation of spectrum allocation is still unclear. 
Observation 14: The handling of CHBW in gNB side and UE side is different:
· All Channel bandwidth sets in gNB side are optional with declaration basis
· RAN4 agreed mandatory channel bandwidth sets for UE in day 1
· In NR real field deployment, commonly used maximum BW of single carrier in FR1 and FR2 is 100MHz even 200MHz CHBW was mandatory for FR2 UE in day 1
· NR already support asymmetric CHBW in gNB and UE side with BWP operation 
Observation 15: Overall observations on RF/BB implementation impact and restriction on supporting 400MHz (1cc) vs 400MHz (2 cc) summarized in below table:
	
	400MHz single CC
	200MHzx2 

	RF Front-end
(PA/LNA, RF filter, Antenna)
	· 400MHz will increase PAPR and bring linearity issue especially for PA. 
· Typically, effective BW ratio for PA linearity is 3% (BW/Centre frequency) as upper limit due to memory effect under wide BW. On ~7GHz, the upper limit is 200MHz.
· 400MHz also bring challenge on Power control implementation e.g., ET/APT and DPD with increased sampling rate and memory effect.
· Larger BW required more MPR/PAPR, which bring challenge to support high power class which is critical for 7GHz to achieve same coverage as 3.5GHz
· In order to support 400MHz, operating point of PA needs to be adjusted which reduce power efficiency on other BW. 
· Supporting 400MHz bring challenge on filter design, with additional 1.5dB IL in front-end.  
	· Spectrum aggregation approach allow flexibility of UE to support 400MHz with separate Tx/Rx chains on each CC.
· Ease implementation complexity and constraints on PA , ADC.

	RF-IC
(Mixer, AD/DA, Analogue filter)
	· 400MHz required large dynamic range and sampling rate which bring challenge on mixer, AD/DA. 
· Power consumption and complexity will be increased.
	

	BB 
(FFT, processing complexity)
	· 16K FFT required for 400MHz with 30kHz SCS which bring processing complexity and power consumption. 
	· CA approach allow UE to implement separate FFT on each CC; reduce processing complicity
· Separate digital filtering can be applied on each

	Tx RF performance 
(Emission, ACLR)
	· ACLR performance degraded with 400MHz BW compared to 200MHz
	· CA approach allow UE to implement separate filtering on each CC to improve Tx and Rx performance 

	Rx RF performance 
	· Receiver blocking performance degraded with 400MHz
	

	Other aspects 
	· CA approach provide scheduling flexibility and power saving benefits with carrier activated/deactivated 
· CA approach provide possibility to support asymmetric BW in DL and UL side from UE perspective.



Observation 16: It’s extremely challenge to support 400MHz by single RF chain, and questionable on the feasibility of supporting 400MHz in UL considering RF performance, power consumption, and achievable power class. 
Observation 17: Supporting UL 400MHz will have big impact on UL coverage performance with reduced power capability (3dB ~4.5 dB loss compared to UL 200MHz).
Observation 18: Limit single carrier with maximum CHBW 200MHz + UL MIMO/TxD (assuming 2Tx chain on around 7GHz) can bring benefits for both coverage and UL data rate compared to support UL 400MHz aggregated BW by 2 RF chain. 
Observation 19: The analysis on different options from RAN1 considering feasibility, power consumption and system performance perspective:
	Options
	Basic description 
	Feasibility/Complexity 
	Power consumption 
	System efficiency /System performance 

	Option 1

	16K FFT
Single RF chain 
Single BB processor 
Single carrier option
	Extremely challenge on UL (questionable on the feasibility in UL)
Challenge on DL
Highest complexity
	Highest power consumption
Power efficiency degraded
Challenge to support high PC i.e., PC2
	Single SSB +Single DCI
BWP scheduling 

	Option 2 
	2x8K FFT
Separate RF Chain
Single BB processor 
Multi carrier option with single cell/New spectrum aggregation scheme
	Feasible 
Channllenge on BB processor
	Not support CA scheme with on/off on Scell for power saving 
	Single SSB +single DCI
New Concept with Single cell multi-carriers

	Option 3
	2x8K FFT
Separate RF Chain
Separate BB processor 
Multi-carrier option with CA
	Feasible
	Allow flexibility to turn on/off on RF chain and BB processor via Scell activation/deactivation
	SSB less +cross carrier-scheduling
Scell activation/deactivation

	Option 4
	2x8K/16K FFT
Single RF Chain
Separate BB processor
Multi-carrier option with CA
	Extremely challenge on UL (questionable on the feasibility in UL)
Challenge on DL 
	Highest power consumption
Power efficiency degraded
Challenge to support high PC i.e., PC2
	Single SSB +Single DCI
BWP scheduling

	Option 5
	16K FFT
Separate RF Chain
Separate BB processor 
Multi-carrier option with CA
	Feasible
	Allow flexibility to turn on/off on RF chain and BB processor via Scell activation/deactivation
	SSB less +cross carrier-scheduling
Scell activation/deactivation 



Observation 20: Option 1/Option2/option 4 from RAN1 LS [3] bring restriction of UE implementation of supporting 400MHz with single RF chain and/or single BB processor. 
Observation 21: Option 1/4 using single RF chain to support UL 400MHz is not feasibility from implementation constraints perspective. 
Observation 22: Option 2/3/option 5 allow UE to support 400MHz aggregated BW with CA/spectrum aggregation schemes.
Observation 23: Using CA or other spectrum aggregation schemes provide scheduling flexibility and power saving benefits with carrier activated/deactivated 
Observation 24: CA approach also provide possibility to support asymmetric BW in DL and UL side from UE perspective.
Observation 25: CA/Spectrum aggregation approach allow flexibility of UE to support 400MHz with separate Tx/Rx chains (RF and BB processor) on each CC which is helpful to ease implementation constraints.

Proposal 9: Take 8K FFT as baseline assumption
Proposal 10: Considering 200MHz CHBW as maximum CHBW (single carrier) for 30kHz SCS in initial stage for RAN4 CHBW set introduction
Proposal 11: DL 400MHz aggregated BW supporting can be further discussed once the spectrum availability more clear 
· CA or other spectrum aggregation schemes can be considered in later stage to support 400MHz BW in DL
· Taking option 3 in RAN1 LS [3] as baseline on supporting 400MHz aggregated BW in DL 
Proposal 12: Specify the minimum CHBW and maximum CHBW based on numerologies and operating frequency
	SCS
	Min CHBW
	Max CHBW

	15kHz (FR1 FDD bands below 3GHz)
	5MHz
3MHz (below 1GHz bands)
	100MHz

	30kHz (FR1 TDD bands, and ~7GHz)
	10MHz
	200MHz

	120kHz (FR2-1) 
	50MHz
	800MHz/400MHz 



1.5 Asymetric channel bandwidth 
Proposal 13: Further study asymetric channel bandwidth supporting and potentail  enhancement compared to NR after minimum/maximum CHBW and detailed channel bandwidth set fixed.
1.6 Spectrum utilization 
Proposal 14: For CHBW between 25MHz ~ 100MHz (15kHz/30kHz SCS) in FR, taking existing SU from NR as baseline unless strong motivation well justified for the evaluation and improvement. And prioritize following case on evaluation work
· 15kHz: 5MHz CHBW, 30kHz: 10MHz, 15MHz, 20MHz
Proposal 15: RAN4 further evaluate spectrum utilization with trade-off between improved SU, RF performance and UE/gNB complexity with detailed parameter assumption
· RF non-linearity assumption: PA model, I/Q imbalance, PN
· TX RF core performance assumption: OBE (emission and ACLR), Tx EVM
· Waveform and modulation orders 
· Spectrum shaping technologies
Proposal 16: Postpone SU evaluation work to later stage of Rel-20 till waveform, CHBW sets, relevant RF core requirements concluded. 
Proposal 17: RAN4 shall specify single SU as per {channel bandwidth, SCS} combination basis w/o dependency on spectrum shaping technologies and RF requirement relaxation conditions. 
1.7 CHBW sets/Irregular channel bandwidth 
Observation 26: With enhanced channel raster adopted in Rel-18 i.e., 10kHz channel raster, NR already resolve the demand on supporting 10MHz above irregular BW by network scheduling and implementation e.g. Overlapping CA /Overlapping CHBW from network perspective.
Observation 27: The restriction of 6MHz, 7MHz BW in NR was SSB/Coreset BW exceeding overlapping region between 2 normal carriers. 
Observation 28: For 6GR, it’s FFS whether dedicated 6MHz, 7MHz CHBW needed or not which is pending RAN1 design on common channel BW if 3MHz Sync/Control channel supporting then no needs to support 6MHz/7MHz CHBW.
Observation 29: CHBW is key parameter for BB filter deign (including analogue filter and digital filter). Especially for digital filter design, there is high dependency on CHBW to ensure compatibility with corresponding 3GPP RAN4 emission requirements and blocking requirements.
Observation 30: Supporting flexible BW or any new CHBW will bring additional UE implementation effort. 
Proposal 18: RAN4 shall careful exam channel bandwidth sets to balance UE design/test complexity and flexibility to fully usage operators’ spectrum
· RAN4 requirements and system parameter design are developed based on Channel bandwidths
· Granularity of CHBW sets need to be carefully considered e.g.  separate step-size in different BW range 
Proposal 19: RAN4 needs to collect operators’ request on irregular BW request first.
· Taking existing collected irregular BW request from TR 38.844 as starting point including 6MHz, 7MHz, 11MHz, 12MHz and 13MHz
Proposal 20: Study potential solution to support irregular spectrum with following direction:
· Overlapping CA /Overlapping CHBW from network perspective 
· Channel raster/sync raster and channel mapping rule design to be compatible with flexible BW 



· Proposals from Apple R4-2600576
	Observation 1: 400MHz contiguous spectrum is not expected to become available in many regions.
Proposal 1: 6G design from day 1 should include a mechanism that ensures future larger max. CBW can be smoothly introduced if needed. 
Observation 2: 16K FFT would significantly increase implementation complexity compared to 8K FFT in terms of computational complexity, memory requirement, power consumption, and silicon area and cost. The option of using two 8K FFTs to support 16K FFT has its own issues/complexities, and its adoption in implementation depends on UE capability envelope. 
Observation 3: Compared to 200MHz, 400MHz CBW would put higher requirements on RF design including PA, filters, antennas, etc. Furthermore, it requires ADCs/DACs with higher sampling rate, which becomes more complex and consumes more power. 
Observation 4: It is challenging to design ET PA to support 200MHz CBW and not feasible to support 400MHz CBW in the UL.
Observation 5: It is unlikely a single UE will be scheduled with more than 200MHz bandwidth. For example, given 200MHz bandwidth, modulation of 256QAM, coding rate of 0.8, and four MIMO layers, the achieved data rate is 200*8*0.8*4 = 5.12Gbps, which is more than most services would demand.
Observation 6: From UL coverage perspective, 400MHz CBW and 200MHz CBW have no difference, since given a fixed UL TX power, a much smaller RB allocation than the entire CBW is allocated to a UE.
Proposal 2: In case where 400MHz contiguous spectrum is available, 200 + 200 MHz CA can achieve the same performance of single CC of 400MHz.
Proposal 3: For 6G, maximum CBW of 200MHz is specified, which both BS and UE should support. UE can use 200+200MHz CA to support 400MHz at the network side.
Proposal 4: It is proposed to support 8K FFT in 6G. 
Proposal 5: It is proposed to have the SCS and CP length for 6G as shown in Table 1. 
Table 1: Numerology for different frequency ranges
	Frequency range
	Numerology

	FR1 (up to 7.125GHz) and new spectrum in ~7GHz (FDD and TDD)
	FDD bands: 15kHz SCS, NCP
TDD bands: 30kHz SCS, NCP

	12 – 15GHz (TDD)
	Deprioritized as the spectrum availability is unclear

	FR2-1 (TDD)
	120kHz SCS, NCP


Proposal 6: It is proposed to defer the spectrum utilization as the discussion on many contributing factors just started. The only exception is RAN4 can study new/advanced spectrum confinement technique if there is such a proposal.



· Proposals from Skyworks R4-2600629
	Proposal for a flexible and scalable Tx/Rx BW framework:
· Support channel bandwidths from 3MHz to several GHz.
· Support asymmetric UL/DL CBW and asymmetric UL/DL SCS
· Numerology/SCS: 
· Support Mu values from 0 to 6, with up to Mu = 2 for the 6G study frequency range
· Support sub-carrier level transmissions (IoT/NTN) and RB level transmissions
· Baseline FFT size for smartphone type at 8k and support up to 16k
· A single numerology is supported in a band or band group.

Proposal for minimum and maximum channel bandwidths:
· TN FDD and NTN FDD/TDD bands <2.7GHz: 3MHz to 100MHz CBW support with 15kHz SCS and up to 8K FFT
· 5MHz is the baseline CBW
· TN TDD bands <16GHz and NTN FDD/TDD bands within 10 to 16GHz: 10MHz to 200MHz CBW support with 30kHz SCS and up to 8K FFT
· 400MHz CBW in DL is enabled with 16k FFT
· In UL as proposed in [3] based on measurements:
· UL stays limited to 200MHz to enable PA efficiency enhancement techniques (ET and pre-distortions BW) for smartphones.
· 400MHz UL (APT and/or evolved ET/DPD) is not precluded for more advanced UEs.
· TN TDD and NTN FDD bands within 16 to 52.6GHz: 20MHz to 800MHz CBW support with 60kHz SCS and 8K FFT
· FFS if 1600MHz can be supported with 16k FTT in DL
· Higher numerologies and SCS are reserved for future use.
· Asymmetrical UL/DL CBW and SCS is supported for band <16GHz for TN and NTN FDD and TDD bands, and for paired SUL/SDL bands.

Proposal for DFT-s-OFDM SU:
· RAN4 to inform RAN1 about limitations on spectrum utilization for DFT-s-OFDM with the current LCRB constrains of:
· LCRB=2^x*3^y*5^z.
· RAN4 to suggests that RAN1 studies the complexity of adding another root of 7, for example, such that the 6G LCRB constrain is:
· LCRB=2^w*3^x*5^y*7^z.

Proposal for equations-based NRB/SU:
· NRB values based on an arithmetic progression versus CBW based on sequences of two RB/MHz values like the one described in this contribution is further studied to enable flexible channel bandwidths.
· Irregular channel bandwidths are supported without specific verification by the design of the lower/upper guard-bands of the verified regular channel BW (5MHz, 10MHz, 20MHz or 50MHz multiples for different CBW ranges for example) to be smaller than those of the intermediate irregular BWs that are not tested.
· NRB values should be calculated every MHz at least from 3MHz to 50MHz. Then 2/5/10MHz steps can be used for larger BWs.
The equation should target SUs in the 97 to 99% range for CBW ≥20MHz to ensure better SU in 6G than in NR.



· Proposals from vivo R4-2600673
	Observation 1: To support single carrier 400MHz with single RF/BB, the UE power consumption will be significantly increased and convectional techniques for UL, e.g., ET/DPD, are unachievable which will bring huge performance loss.

Observation 2: Use multiple RF chain to mimic single carrier operation may introduce more complexity in UE design compared to 2x200MHz CA, e.g.,
· REFSENS degradation and potential need of guard band
· Complexity of UE power adjustment for maintaining flat PSD across RF chains
· Additional burden on verification results combination from different RF chains, e.g., IBE/EVM, etc.
· Possible frequently LO retuning and reduced MIMO layer capability
· Performance loss in BB processing due to the overcome the phase difference from different RF chains and recombining of single TB 

Proposal 1: The maximum channel bandwidth is 200MHz for both UL and DL in 6G. The 400MHz can be achieved via 2x200MHz CA.

Observation 3: For NR re-farming band, most operators don’t have enough spectrum resource to support single carrier 200MHz operation. 

Proposal 2: UE only support single carrier 200MHz in new 6G bands.

Observation 4: There are strong demand on longer SSB periodicity in 6G and larger minimum CBW is a preferred approach to balance SSB periodicity and initial access delay.

Proposal 3: For around 7GHz, take 20MHz as the starting point of the minimum channel bandwidth.

Proposal 4: For NR re-farming band, keep 5MHz as the minimum CBW.

Observation 5: Based on RAN1/RAN conclusion, the status of numerology for certain frequency range is summarized below:
	Frequency range
	Numerology 

	FDD band
	15kHz

	TDD band (including around 7GHz)
	30kHz

	15GHz
	TBD

	FR2
	120kHz



Proposal 5: For 6G day-1, RAN4 SU evaluation still should be based on the basic waveform instead of advanced low PAPR waveform, e.g., FDSS in NR R18. The improvement of SU would be based on hardware or requirements perspective in RAN4, e.g., better PA model, relaxed emission requirements.

Observation 6: The SU evaluation is closely related to the PA model and emission requirements.

Proposal 6: The 6G SU evaluation can be postponed until the PA model and emission requirements are clear.



· Proposals from LGE R4-2600699
	[Maximum CBW/FFT]
Proposal 1: Consider device type for feasibility of whether UE can support 400MHz CBW and 30kHz SCS.
Proposal 2: It is feasible for UE to support 200MHz CBW and 30kHz SCS.
[Minimum CBW]
Proposal 3: Consider SCS based minimum CBWs and 3MHz for selected bands when defining the 6G sync raster. 
[Spectrum utilization]
Proposal 4: For SU analysis, SEM and ACLR are the most relevant RF requirements. For SEM RAN4 should study how to define the requirements for 1st MHz outside the channel, being compliant with the regulation but also considering the characteristics of the adjacent system and protection that is necessary, as this likely has direct impact onto needed guard bands. 
Proposal 5: Considering that 3MHz CBW is a corner case (needed on limited cases only) it is proposed to select 5 or 10MHz CBW as candidate in the study for improving the SU for narrower CBWs.
Proposal 6: Consider up to CBW 200MHz for SU evaluation with followings
· 6G NRB range: Table 2-3
· SEM : Table 2-4
· ACLR
· PC3 ACLR (30dB) for CBW of 3MHz
· PC3 & PC2 ACLR (31dB) for CBW > 3MHz
· EVM : 17.5% based on QPSK 
[Asymmetric CBW]
Proposal 7: Study the impact of asymmetric CBW between UL and DL onTx-Rx frequency separation in FDD.
Proposal 8: Study on the impact of asymmetric CBW Between UL and DL on TDD.



· Proposals from CMCC R4-2600810
	Observation 1: China MIIT has identified all or portion of 6425-7125 MHz (700MHz) for IMT identification. In future, one operator may hold max 400MHz spectrum. 
Observation 2: UE that support over 400MHz CBW will meet following challenges and performance limitations of RF components, e.g. PA memory effects, DPD bandwidth limitation, PAE enhancement technique bandwidth limitation. However, such challenges can be addressed by better design though this comes at expense of increased cost.
Observation 3: 16k FFT has higher computational complexity than two 8k FFTs but which is even negligible for total baseband complexity.
Proposal 1: UL 400MHz CBW is suggested as optional for flagship users.
Proposal 2: for legacy NR bands, the minimum CBW is suggested as 5MHz for 15kHz SCS, 10MHz for 30kHz SCS and 50MHz for 120kHz. RAN4 further check whether some exception is allowed for the new bands, e.g. for around 7GHz/8GHz, maybe larger than 10MHz minimum CBW.
Proposal 3: RAN4 define unified SCS per band/frequency sub-range. Exception is allowed when different operators have different view on the SCS value.
Proposal 4: In 6G, maximum transmission bandwidth configuration should be specified with following principle that less CBW, less minimum guard band.
Observation 4: RAN4 consider irregular CBW in the first version with following options:
a) Option 1: in the first version define RF requirements for all CBW that has been defined for NR or proposed by operators and consider other CBW in future release
b) Option 2: based on the two promising methods as concluded from NR study phase
c) Option 3: specify the minimum RF requirements for min and max CBW as baseline and add scaling factor on top of the baseline for other CBWs.
i. exception is allowed for certain RF requirements when it’s hard to simplify requirements by scaling factor for different CBW.
d) Option 4: consider the possibility of defining all/part of RF requirements based on actual configured/activated bandwidth i.e. BWP-like basis rather than CBW basis. 
One example, RAN4 define RF requirements per RB basis rather than CBW basis. There is translation from baseline RB configuration to other configurations.



· Proposals from Huawei R4-2600887
	Maximum channel bandwidth
Proposal 1-1: If a single FFT size is considered as a baseline, other FFT size(s) are not precluded just as implementation choice considering the wide frequency range. Consider FFT size, maximum Channel Bandwidth and numerology as a framework to have feasibility study from implementation perspective.
Proposal 1-2: RAN4 should conduct quantitative comparisons of implementation options, assessing their RF performance and architectural trade-offs, to support a joint conclusion on the maximum channel bandwidth.
Minimum channel bandwidth
Proposal 2-1: Decouple the minimum channel bandwidth defined for specific spectrum/operating bands from the minimum channel bandwidth required for initial access. The latter should be determined by RAN1 as part of the initial access design.
Numerology
Proposal 3-1: Single numerology is considered as starting point for 6G.
· Single SCS for each band
· 15kHz for FDD bands
· 30kHz for TDD bands
· Single SCS for both data and SSB
Spectrum utilization
Proposal 4-1: The evaluation assumptions for waveform analysis could also serve as a basis for initial SU evaluations, leveraging existing 5G requirements and assumptions, while incorporating advanced spectrum confinement techniques.
Proposal 4-2: No limitation on the adopted spectrum confinement techniques, provided that companies clearly declare the techniques used in their evaluations.
Flexible channel bandwidth
Observation 5-1: A generic approach to handle irregular channel bandwidth may help to reduce the number of regular channel bandwidths be supported for 6G UE.
Proposal 5-1: It is proposed to study a generic solution with the goal of reducing the number of regular channel bandwidths. 
Proposal 5-2: it is proposed to study whether/how larger CBW scheme can apply to UL and avoid to introduction of asymmetric bandwidth combinations.



· Proposals from MediaTek R4-2600910
	Max CBW and FFT size
Observation 1: To our best knowledge, single carrier 400MHz is not yet a worldwide deployment in a near future of 6G.
Proposal 1: On 400MHz aggregated CBW issue, the DL and UL parts should be discussed and decided separately.
Observation 2: On 400MHz aggregated CBW issue, Option 1 suffers from higher power consumption in DL, especially for PDCCH monitoring. 
Observation 3: On 400MHz aggregated CBW issue, Option 1 may have lower overall DL throughput than Option 2/3 due to lower upper limit of the achievable SNR.
Observation 4: On 400MHz aggregated CBW issue, all options can achieve the same DL overhead, after certain optimizations
Observation 5: On 400MHz aggregated CBW issue, Option 1 is less power-efficient for normal UL traffic.
Observation 6: On 400MHz aggregated CBW issue, Option 2/3 will encounter random phase between two 200MHz signals due to separate synthesizers.
Observation 7: On 400MHz aggregated CBW issue, the PA as well as the proprietary DPD performance are not clear for Option 1.
Proposal 2: 200MHz as the max UE CBW for DL
Proposal 3: 200MHz as the max UE CBW for UL
Proposal 4: The max UE FFT size is 8192
Min CBW
Proposal 5: The minimum nominal channel bandwidth specified for 6GR shall be 5MHz for frequency bands with 15kHz SCS, 10MHz for frequency bands with 30kHz SCS, and 50MHz for frequency bands with 120kHz SCS. For certain frequency bands with 15kHz SCS (subject to clearly identified market need), a minimum channel bandwidth of 3MHz instead of 5MHz may be specified.
· FFS: Whether wider minimum bandwidths than the nominal values above could be considered for specific bands.
Spectrum utilization
Observation 8: Spectrum utilization of some channel bandwidth in current 5G NR spec is less than 90%
Proposal 6: For spectrum utilization study, the impairment assumptions for 5G NR are re-used as a starting point:
Observation 9: The SU for 5MHz is difficult to be further improved. It is possible to improve SU for 10MHz/30KHz SCS
Proposal 7: Detailed evaluation needs to wait for RAN1 progress for new waveform configuration update
Asymmetric CBW
Observation 10: Modern 5G NR UEs does not adopt sharing LO for UL/DL in TDD bands
Proposal 8: TDD bands can apply symmetric/asymmetric CBW in uplink and downlink in 6G day one
Proposal 9: FDD bands shall apply legacy scheme e.g., fixed Tx-Rx frequency separation and symmetric CBW for uplink and downlink, when specifying minimum requirements at least for TN bands.
Proposal 10: Asymmetric CBW in FDD band can be discussed case by case e.g., for NTN operation.
Irregular CBW
Observation 11: Approach 3 and 4, combined UE CBW (one cell) and overlapping CBW from UE perspective (two cell), are BWP-like solution to resolve irregular CBW implementation. They both have similar flexibility, scalability on handling irregular CBW. And there may be some constraint on the SSB location when irregular CBW is less than 10MHz.
Observation 12: Most irregular CBW may not exceed 20MHz. If considering approach 3 or 4, using two RF-path+two-LO to receive the small BW, UE may lose the chance to receive another larger BW carrier. This would lower the overall UE throughput under the network.
Proposal 11: RAN4 should strive to introduce a single and scalable solution which covers all irregular CBWs in 6G Day-1



· Proposals from Spreadtrum R4-2601054
	Proposal 1: There is no necessity to support 400MHz as a single CC for DL max CBW.
Proposal 2: We prefer to define 200MHz as max CBW for single CC and CA with maximum of 200MHz+200MHz in for DL max CBW.
Proposal 3: Define 200MHz for UL max CBW.
Proposal 4: We prefer to define 50MHz for FDD max CBW, 15 kHz SCS with 4096 FFT size for FDD bands in 6GR.
Proposal 5: For sub-6GHz bands, we prefer to keep 100MHz as max CBW, maximum FFT size is 4096 and SCS is 30 kHz. 
Proposal 6: One single numerology and SCS per band/frequency range is necessary.
Observation1: Advanced confinement techniques like windowing and filtering will cause high implementation of UE and BS side and signalling overhead.
Proposal 7: Define minimum CBW based on SCS, 5MHz for 15 kHz, 10 MHz for 30 kHz, 50 MHz for 120 kHz. TDD at least supports 30 kHz SCS needs to be further checked.
Proposal 8: We can postpone the discussion about spectrum utilization until new PA models and RAN1 progress on waveform.
Proposal 9: There is no need to study to enable asymmetric channel bandwidth in 6G SID. RAN4 can define based on specific bands if the operator has requests about asymmetric channel bandwidth in WID.
Proposal 10: From UE perspective, we can define scalable channel bandwidth and scalable guard band based on existing licensed channel bandwidth for irregular channel bandwidth.
Proposal 11: UE channel filter based on next large channel bandwidth can be assumption for defining UE RF requirements.



· Proposals from Samsung R4-2601124
	Maximum channel bandwidth around 7 GHz
Observation 1:	RAN4 captured that implementation feasibility aspects such as RF/baseband architecture, complexity, performance constraints and power consumption should be considered when evaluating options between a single cc 400 MHz approach and a 200+200 MHz CA-based solution.
Observation 2:	RAN1 shared the ongoing study status by sending an LS with multiple options to enable UE operation with 400 MHz bandwidth, without explicitly requesting any specific action item from RAN4 at this stage.
Observation 3:	Supporting 400 MHz bandwidth as a single RF/baseband processing chain may impose significantly more stringent constraints compared to 200 MHz, particularly for handheld UEs around 7 GHz.
Observation 4:	It could be also observed that a single-chain 400 MHz UE design may reduce operational flexibility for power saving when network transmits at a lower data rate (which is expected to be the typical case).
Observation 5:	Defining UE max CBW as 400 MHz in a single-chain sense would not necessarily provide additional implementation value beyond what can already be achieved with 200+200 MHz CA-type operation from the UE hardware viewpoint.
Observation 6:	Asymmetric bandwidth assumptions should be treated carefully and should not be used as a baseline UE requirement in the SI phase unless a clear system-level benefit is demonstrated beyond what can be achieved through a CA-based approach.
Proposal 1:		RAN4 assumes UE maximum channel bandwidth of 200 MHz as the baseline for SI-phase evaluation and RF feasibility studies, while considering 200+200 MHz CA as the preferred solution to enable higher aggregated bandwidth when needed (Option 3).
Proposal 2:		UE architecture assumption remains consistent in terms of RF and baseband chain capability, without relying on hybrid assumptions that may obscure feasibility discussions.

Minimum channel bandwidth
Observation 7:	5 MHz minimum channel bandwidth has been identified as a reasonable reference value, and that the possibility of using 3 MHz minimum channel bandwidth for specific cases has been mentioned in relation to the SSB bandwidth and coverage-oriented deployments.
Proposal 3:		For 6GR, consider the following minimum channel bandwidths: 
· 5 MHz for FR1 FDD bands;
· 10 MHz for lower FR1 TDD bands;
· 20 MHz for upper FR1 TDD bands and around 7GHz bands;
· 50 MHz for around 15GHz bands and FR2 bands.
Proposal 4:		It would be desired not to determine the minimum channel bandwidth by RAN4 alone, but based on the joint collaboration with RAN1 to avoid any risk of duplicating works or limiting the better 6GR design.

Numerology and SCS alignment
Proposal 5:		Single numerology should be supported by following range:
· 15 kHz for FR1 FDD bands
· 30 kHz for FR1 TDD bands including around 7 GHz
· 60 kHz for around 15 GHz (8.4 – 24.25 GHz)
Proposal 6:		6GR sync signal and other channels/signals (except PRACH) can be different in FR2-1, i.e., the SCS of 6GR sync signal is 240 kHz.



· Proposals from ZTE R4-2601178
	Channel bandwidth, FFT size and numerology
Observation 1. 60kHz SCS is precluded for between 24.25GHz - 52.6GHz, and 30kHz is assumed for around 7GHz.
Observation 2: Regarding the potential application of 30kHz SCS for FDD for around e.g., 1-2.5GHz, this should be studied and evaluated at least considering the deployment scenarios, MRSS requirements and benefits of 30kHz SCS.
Observation 3. 1*16K FFT needs more hardware resource but have less delay time compared with 2*8K FFT implementation. However, using 1*16K FFT or 2*8K FFT to implement 16K FFT size is an implementation choice.
Proposal 1: For the maximum channel bandwidth, FFT and SCS, it is proposed to adopt the following table: 
	Frequency range
	SCS (kHz)
	FFT size
	Min. CBW (MHz)
	Max. CBW**
(MHz)

	Sub-6GHz (FDD)
	15
	8k (8192)
	5MHz or 3MHz*
	100

	Sub-6GHz (TDD)
	30
	8k (8192)
	10
	200

	Around 7GHz
	30
	16k (16384)
	20
	400

	24.25GHz - 52.6GHz
	120
	8k (8192)
	50
	800

	Note *: 5MHz as baseline, 3MHz is for some specific bands
Note **: One common Tx RF Chain


Proposal 2: UE and BS channel bandwidth per operating band should be the same, and it would be premature to discuss whether asymmetric UL/DL channel bandwidth for a device.
Spectrum utilization
Observation 4: In 5G NR, for the same channel bandwidth, higher SCS means lower spectrum utilization, lower SCS means higher spectrum utilization.
Observation 5: The SU for FR1 is not a monotone increasing trend for all the channel bandwidth while the SU for FR2-1, the SU is monotone increased as the channel bandwidth increase
Observation 6: There exists the case that guard band for small channel bandwidth is larger than that of large channel bandwidth, which case some problems for embedding the small channel bandwidth in the large channel bandwidth.
Observation 7. To improve SU<95 will cause the SU of all channel bandwidths needs to be updated if keeping monotone increasing trend.
Proposal 3: The simulation assumptions for SU evaluation should be the same with some other topics such as waveform, modulations and RF requirements discussions.
Proposal 4: The spectrum utilization for 6GR shall not be smaller than the 5G NR.
Proposal 5: For the same channel bandwidth, the spectrum utilization of lower SCS shall be higher than the spectrum utilization of higher SCS.
Proposal 6: The guard band for small channel bandwidth should be less than that of large channel bandwidth.
Proposal 7: The spectrum utilization should keep monotone increasing trend for all channel bandwidths and it should be discussed with other aspects like waveform, Tx/Rx RF requirements, PA models and so on.
Irregular channel bandwidth
Proposal 8: To clarify the definition of irregular bandwidth and regular bandwidth first. 
Observation 8: The advantages and disadvantages of the aforementioned solutions are summarized in Table 2.3-1.
Observation 9: Defining RF requirements based on the actual activated bandwidth (BWP-like) or using scalable formulas are implemented via additional dedicated digital filter.
Observation 10: Defining RF requirements based on the actual activated bandwidth may also mandates that UE support fats LO switching capability.
Observation 11: Defining RF requirements based on the actual activated bandwidth (BWP-like) or using scalable formulas need to further review MPR and A-MPR evaluation workload.
Proposal 9: In 6GR, if the demand for irregular CBW is limited, it is proposed to standardize the irregular channel width as other regular bandwidth in the specification, and the RF requirements could be defined based on the scalable manner. 
Proposal 10: In 6GR, if the number of irregular CBW is very large, it’s better to develop a universal solution that can address all irregular channel bandwidths.



· Proposals from Ericsson R4-2601345
	Proposal1: When studying 6G spectrum utilization, consider BS shall also support NB-IoT in-band operation (with 6dB power boosting) for channel bandwidth less or equal to 50 MHz and 15kHz SCS.
Proposal2: Within the scope of the 6G spectrum utilization study, to facilitate MRSS scenarios, RAN4 should consider adding an even number of resource blocks (RBs) to the NR maximum transmission bandwidth.
Observation: Enhancing spectrum utilization for certain narrow channel bandwidths (e.g., 3 MHz) appears to be a challenging task.



· Proposals from Sony R4-2601398
	Observation 1: Although multiple numerologies were specified in 5G NR, only a limited number have been deployed. For example, only 15 kHz SCS has been deployed in the low and mid bands. 
Observation 2: Supporting multiple numerologies in 5G NR complicated the device design without providing any gain to actual deployment. 
Observation 3: RAN#110 agreed that "SCS of 30kHz for mid-band (1-2. xGHz) FDD is not supported in 6G."
Observation 4: Both RAN4 and RAN have agreed that the 3 MHz spectrum needs to be supported in 6GR. 
Observation 5: A narrower SSB design may require a longer time duration to compensate for SSB coverage but can help reduce the granularity of sync raster.
Observation 6: Supporting 400 MHz with a single FFT (16k) and RF chain can provide better performance, but at the cost of larger memory and processing capability on the UE side. 
Observation 7: Supporting 400 MHz with CA-like architecture is easier and more flexible from the UE implementation aspect, but the performance is expected to be lower than for a single FFT and RF chain. 
Observation 8: for a typical IFA antenna in a smartphone, 400 MHz BW is nearly 6% of the relative BW, which exceeds the optimal performance it can typically support, and efficiency loss is expected. 
Observation 9: with 200 MHz, the peak data rates will be around 12 Gbps and 6 Gbps based on the scaling from peak data rate of 6GR agreed in the RAN. 
Proposal 1: It is proposed that 6GR adopts a single numerology per frequency band. 
Proposal 2: It is proposed that 6GR adopt 15 kHz SCS for frequency bands below 3 GHz, 30 kHz for frequency bands above 3 GHz, 60 kHz for frequencies around 15 GHz, and 120 kHz for FR2-1. 
Proposal 3: RAN4 further study if a higher numerology would be needed for SSB design in FR2-1 to facilitate beam sweeping with analogue beamforming. 
Proposal 4: RAN4 can conclude that the minimum bandwidth for 6GR is 3 MHz, while focusing on the discussion on the SSB bandwidth for 6GR. 
Proposal 5: RAN4 focuses on determining whether the SSB for 3MHz UE CBW shall be supported in an optimized manner (natively 3MHz SSB design) or in a similar manner to 5G NR (punctured SSB for 3MHz), with consideration of SSB coverage, sync raster design, etc. 
Proposal 6: for around 7 GHz, RAN4 defines a max single CC CBW of 200 MHz for smartphone devices. For FWA/CPE, a max single-CC CBW of 400 MHz can be considered.



· Proposals from Tejas Networks R4-2601410
	Observation 1:  For UE support of 400 MHz channel bandwidth, FFT size selection has a significant impact on implementation feasibility, complexity, and power consumption. While both dual 8K FFT and single 16K FFT solutions are technically feasible, a single 16K FFT leads to substantially higher baseband and memory requirements and increased power consumption at the UE. A dual 8K FFT based approach better aligns with fragmented spectrum availability and provides a more implementation efficient solution for supporting large aggregate bandwidths.
Observation 2: The implementation of a reduced frequency guard-band yields throughput improvements ranging from 1% to 9%, with the most notable gains observed at lower bandwidths. Specifically, at a 30 kHz subcarrier spacing, throughput increased by up to 9.09%, whereas at a 15 kHz spacing, the gains were more modest, typically remaining below 2%. Additionally, while reducing the roll-off factor enhances spectral efficiency, it also increases the number of filter taps, thereby raising computational complexity. However, this complexity is manageable with the use of state-of-the-art processing technologies.
Proposal 1:  Limit the maximum FFT size supported at the UE to 8K.
Proposal 2: Enable 400 MHz operation using dual 8K FFT based processing rather than reliance on a single 16K FFT.
Proposal 3: Study of frequency guard-band reduction to increase the occupied bandwidth for 6GR.



· Proposals from OPPO R4-2601449
	MaxCBW
Observation 1: 	From power efficiency perspective, the ET cannot track as high as 400MHz leading to PA inefficiency.
Observation 2: 	From DPD perspective, 400MHz brings DPD hard to be accurate as the feedback path needs 5 times the bandwidth sampling rate.
Observation 3: 	400MHz as 5.2% relative bandwidth will bring at least 1.5dB more MPR.
Observation 4: 	From UL coverage perspective, appropriate 10dB MPR is foreseeable which quite limiting the UL coverage.
Proposal 1: 	Together considering the power efficiency, DPD accuracy and UL coverage, for 6GR around 7GHz bands, it is proposed the maxCBW for UE UL is 200MHz corresponds further SCS study.
Observation 5: 	Neither of the options of RAN1 LS can support the 400MHz well.
Observation 6: 	50MHz and 100MHz has been proposed as maxCBW in FR1 considering 15kHz SCS and 30/60kHz SCS in 5G.
Observation 7: 	Currently the 5G FDD bands with the largest available spectrum is band n65 with UL and DL both 90MHz.
Observation 8: 	27 of 36 FDD bands has smaller than 50MHz available spectrum.
Observation 9: 	Use 50MHz for FDD bands as maxCBW can enjoy less UE implementation complexity and power consumption.
Proposal 2: 	For 6GR FR1 FDD bands, the maxCBW is proposed to be 50 MHz. Further study if 100MHz can be used for maxCBW.
Proposal 3: 	For 6GR FR1 TDD bands, the maxCBW is proposed to be 200MHz.

MinCBW
Observation 10: 	The main conclusion is to define the system minCBW as 5MHz in the last meeting.
Proposal 4: 	For 15kHz SCS, the minCBW is 5MHz.
Proposal 5: 	For 30kHz SCS, the minCBW is 5MHz for 5G refarming bands and 10MHz for 6G around 7GHz new band.
Proposal 6: 	The request of larger minCBW can be based on operator request and defined band specifically.

CBW step size
Observation 11: 	The step size is 5MHz from 5 to 50MHz and 10MHz from 50 to 100MHz as smaller step size in the small CBW and larger step size in the larger CBW.
Proposal 7: 	Propose to use 1MHz step size for 5 to 10MHz.
Proposal 8: 	Propose to reuse 5MHz step size for 10 to 50MHz; 10MHz step size for 50 to 100MHz and newly define 20MHz step size for 100 to 200MHz.

FFT size
Observation 12: 	The maxCBW for UE side considering UE RF components is proposed to be 200MHz and 8k FFT size is appropriate considering also the SCS to be 30kHz.
Proposal 9: 	To introduce 8192 maximum FFT size for UE in 6GR.
Numerology
Observation 13: 	Most of the FR1 bands can be re-farmed to 6GR, for better co-existence with 5G, the same SCS for FR1 is good for MRSS as for 6GR FR1
Proposal 10: 	For 6GR FR1, TDD bands apply 30kHz SCS and FDD bands apply 15kHz SCS.
Observation 14: 	The frequency range for around 7GHz and around 15GHz are not typical FR2 bands, and can be considered to be harmonized to FR1.
Proposal 11: 	For 6GR, 30kHz SCS for around 7GHz range and 60kHz SCS for around 15GHz range is proposed.

Spectrum Utilization
Observation 15: 	The gating factor for edge 1RB is SEM for QPSK.
Observation 16: 	The edge 1RB MPR increase from 0dB at 24RB up to 3dB at 27RB.
Proposal 12: 	The edge 1RB case can be used to evaluate the SEM compliance for SU evaluation.
Observation 17: 	ACLR is the gating factor for full RB allocation while it is not affected much by allocated number of RBs.
Proposal 13: 	To careful check the trade-off before introducing new spectrum confinement technology.

Irregular Channel bandwidth
Observation 18: 	If choose the nearest small regular CBW, then the additional spectrum is wasted. If choose the nearest large regular CBW, then the filter design does not match the bandwidth which will suffer interference.
Observation 19: 	If BS support irregular CBW while UE support regular CBW, the component carrier RB level alignment, channel raster SCS level alignment and large enough overlapping part to put SSB and Correset0 are hard to guarantee.
Observation 20: 	For small irregular CBW, it is difficult to put two SSB non-overlapping with the BS CA method.
Observation 21: 	Current methods have already been implemented by BS with RAN2 new signaling design.
Observation 22: 	With the 1MHz step for 5 to 10MHz, the flexible CBW can apply between 10, 15 and 20MHz to fulfil operator request with 1MHz granularity to limit the regular bandwidth numbers.
Proposal 14: 	It is proposed to apply the flexible CBW with 1MHz granularity between 10, 15 and 20MHz.
Proposal 15: 	To further study the two methods as nearest SU method and scaling SU method and their impacts to SU.
Proposal 16: 	To reduce test burden, specific regular channel bandwidth will be defined and the test only apply to regular channel bandwidth.



· Proposals from NTT DOCOMO R4-2601467
	Observation 1: The following pros and cons between 200MHz + 200MHz with CA and 400MHz with 1CC are considered.
· For 200MHz + 200MHz with CA, it eases implementation by reusing existing 5G RF chain designs, but requires a guard band between carriers, leading to fragmented spectrum and reduced overall efficiency.
· For 400MHz with 1CC, it maximizes spectral efficiency by supporting contiguous 400MHz bandwidth without guard bands but raises concerns about UE feasibility due to RF impairments such as PA non-linearity and IQ image rejection.
Observation 2: The 400MHz 1CC configuration offers superior system efficiency compared to 200MHz CA by eliminating the need for guard bands. While implementation complexity has been a concern, the RF enhancements and architectures introduced in Rel-19 provide a viable path to resolve these challenges.
Proposal 1: For UL 200MHz 2CC scenarios, Rel-19 independent LO architectures should be assumed as a baseline.
Proposal 2: The feasibility evaluation of 400MHz 1CC should assume the availability of advanced RF handling capabilities (e.g., flexible/independent LO handling) as established in Rel-19.



· Proposals from T-Mobile USA R4-2602027
	Proposal 1: Include the 2496-2900 MHz frequency range for 200-400 MHz downlink channel BWs.
Proposal 2: Include the 2496-2900 MHz frequency range for 200-400 MHz uplink channel BWs.
Proposal 3: RAN4 should study the potential for uplink and downlink PRB blanking for uplink and downlink irregular channel bandwidths, including assessing the impact on testability and performance.



· Proposals from Qualcomm R4-2602027
	Observation 1: DL 400MHz is a small extension of capability from BW already supported in 5G Contiguous CA
Proposal 1: DL 400MHz is enabled in 6G considering operator demand
Observation 2: There are multiple feasible strategies to support 400MHz on UL
Proposal 2: UL 400MHz support seems feasible and can be accommodated with additional MPR
Observation 3: CA is effective for aggregating fragmented spectrum, but is inefficient for contiguous wideband operation due to added control overhead, slow cell activation, increased UE power consumption, and scalability limitations, making a single wideband carrier the preferred solution when contiguous spectrum is available
Proposal 3: Considering the above analysis, single CC operation is preferred over CA operation for the same aggregated BW
Observation 4: The added complexity for 16k FFT is marginal, hence, supporting 16k FFT in the 6G timeframe is feasible.
Proposal 4: Supporting 16k FFT and/or 400MHz channel bandwidth in the 6G timeframe is feasible.
Observation 5: A single wideband FFT represents the most straightforward solution with minimal specification impact, while alternative multi‑FFT implementations can be transparent to the specification if wideband behavior is preserved.
Proposal 5: Whether to use a single FFT/IFFT or multiple FFTs/IFFTs for reception/transmission of DL/UL OFDM waveform with single carrier 400MHz bandwidth using 30kHz SCS is up to UE implementation. 
For spectral utilization we concluded that:
Proposal 6: 
· Use mainly 0.25 – 0.3 of the CP length for timedomain confinement techniquest and discuss delay spread handling if the length is longer
· LO leakage and IQ image use 28 dBc as in clause 6.4 of TS 38.101-1
· Consider all requirements ACLR, SEM, EVM and IBE 
· Report guardband size with the channel bandwidth 
· Analyse all allocation sizes
· Starting point are in clauses 5.3.2 and 5.3.3 of TS 38.101-1 and aim to improve these

Observation 6: RAN4 to discuss principles how to define the guard band considering the implementation aspects.



Others
· Proposals from Huawei R4-2600890
	Proposal 1: Consider higher number of #Tx/#Rx as a potential method to meet the ITU IMT-2030 TPR and new services supported by 6GR.
Proposal 2: Study the supporting of higher #Tx/#Rx on 5G NR bands.
Proposal 3: For 7GHz spectrum, study the supporting of 4T/8R for handheld UE and 8T/8R for FWA.



· Proposals from Google R4-2601993
	Max Channel Bandwidth
Proposal 1: For 6G DL max channel bandwidth, it is proposed to adopts 200 MHz as the single-carrier maximum channel bandwidth for 6G handheld device in FR1 (including new bands around 7GHz).
Proposal 2: For 6G DL max channel bandwidth, considering ensuring a mature and power-efficient for 6G mmWave devices, it is proposed to adopt 400 MHz as the maximum channel bandwidth for 6G handheld devices in FR2-1.
FFT Size
Proposal 3: For 6G FFT size, considering the baseband complexity and power consumption, it is proposed to adopt 8K FFT as the maximum FFT size for 6G handheld devices.
Numerology
Proposal 4: For 6G numerology, considering simplifying 6G UE implementation effort, it is proposed to adopt a single numerology per operating band framework as the baseline for 6G handheld devices.
Channel raster
Proposal 5: For 6G channel raster, considering simplifying UE implementation, it is proposed to adopt the 10 kHz instead of 100KHz for FR1 bands below 3 GHz as single baseline channel raster for 6G handheld devices. For the FR1 bands above 3 GHz, it is proposed to adopt SCS-based channel raster as the baseline to ensure PRB alignment in 5G-6GR co-existence for 6G handheld devices.
Sync raster
Proposal 6: For 6G sync raster, considering reducing cell search times and power consumption, it is proposed to adopt sparser sync raster, i.e., significantly reducing the number of sync raster entries per band compared to 5G, for 6G handheld devices.
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