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1. Topic #1: Waveform
NOTE: Main proposals in this document are based on inputs for this RAN4 meeting, which are served as reference for information and would be removed in the final WF. 
0 
1 
Waveform
	RAN1 Agreement in Oct. meeting regarding the Net Gain.
1. For uplink low-PAPR proposals, the link level performance evaluation criterion is Net Gain assuming same spectrum efficiency as the reference 
0. Net Gain [dB] = Tx power gain relative to the reference – SNR degradation relative to the reference @10% BLER
0. A realistic PA model should be used
0. When calculating the Tx power gain, the RAN4 metrics on the Tx power should be taken into account. 
0. For SNR degradation, fading channel and non-ideal channel estimation, including DMRS configuration, and equalization is encouraged.
0. FFS: Other evaluation metrics
0. Note: Companies to report how to calculate the Tx power gain, modulation and coding



· Agreement (Main session):
Regarding the Net Gain for UL agreed in RAN1, RAN4 will focus on Tx power gain relative to the reference, where RAN4 metrics including existing and potential new RAN4 requirements, e.g. emission mask, should be taken into consideration.
· By the end of RAN4#117, the following aspects will be specified
· The details of the evaluation methodology and assumptions
· the considered RAN4 metrics. Existing RAN4 requirements will be taken as the baseline. 
· The details of the reference. The Tx impairment should be considered. 
Regarding UL PA models which are used for waveform evaluations (it is FFS how the PA models used for waveform evaluation can be extended to other purpose)
· RAN4 will not pursue to define a unified set of PA models if no consensus or sufficient progress can be made by the end of RAN4#117. 
· If no unified set of PA model can be agreed, the interested companies can use their own models
· RAN4 can still provide RAN1 on RAN4’s considerations including the calibration methodology of PA models.
· By the end of RAN4#117, RAN4 will target to specify the PA calibration methodology and conditions.
· Target bands: ~7GHz, 4.9GHz, any other bands?
· Waveform evaluation assumptions (to be discussed in AH)

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
	



PA model
· Main proposals
· Develop composite/memory-aware models: 
· Start with a composite model (e.g., GMP followed by Rapp/Saleh) for the ~7 GHz band with large bandwidth (e.g., 200 MHz). Memory effects must be included.
· Prioritize UE PA models for 7 GHz: 
· Focus first on developing UE PA models for Power Class 2 and PC3 around 7 GHz.
· Consider advanced techniques for study: 
· Investigate models that include DPD and advanced power management techniques (APT, Doherty, ET) for internal RAN4 studies, while using fixed-bias models as a baseline for standardized comparisons.
· Re-use and enhance existing models: 
· Use 5G PA models for bands below 2 GHz, and enhance or create new models for higher bands. 
· Recommended WF
· Staged development of the PA model used for RAN1 waveform evaluation from the one used for RAN4 requirement evaluation.
· For RAN1: Provide a sufficiently accurate but simpler model for timely waveform comparison.
· For RAN4: Continue internal development of PA models, if needed, with more realistic considerations for following RF requirement evaluation.
· Prioritize a composite, memory-polynomial-based PA model(s) for 7 GHz, PC2, targeting 200 MHz bandwidth.
· Consider models like the Generalized Memory Polynomial (GMP) as a complexity /performance trade-off. 
· Develop PA models covering different frequency ranges, power classes if single PA model is not accurate enough for all evaluation scenarios.
· Agree on calibration conditions and applicable requirements for the PA model (e.g., achieved ACLR for a reference waveform at a specific MPR) to ensure fair comparisons.

2. Topic #2: Modulation
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· Main proposals
· Scope of modulation studies:
· Study of UL 1024QAM and DL 4096QAM, treating them as optional features for specific scenarios like FWA.
· Focus initially on uniform constellations before extending to non-uniform constellations (GS, PS).
· Consider a scalable modulation support based on device type (e.g., up to 64 QAM for IoT, 256/1024 QAM for smartphones, 1024 QAM UL for FWA).
· Deprioritize UL 1024QAM for handheld devices due to implementation constraints and limited gains in mobile scenarios.
· Evaluation methodology and assumptions:
· Establish a single, harmonized evaluation methodology for comparability across modulation types.
· Reuse 5G NR requirement values as a baseline and focus on "deltas" introduced by 6G assumptions.
· Define clear evaluation cases for existing modulations with new PA models, potential non-uniform constellations, and new high order modulations.
· Adopt new, realistic PA model for all evaluations.
· Use both link-level and system-level simulations for a comprehensive assessment (feasibility and performance gain).
· Specific assessment focus:
· For UL 1024QAM: Focus on implementation feasibility, EVM budget analysis, and MPR impact.
· For DL 4096QAM: Focus on implementation feasibility and assess if EVM limits can be met without excessive PA back-off that negates throughput gains.
· For existing modulations with new PA models: focus on potential MPR reduction.
· Recommended WF
· Evaluation Cases:
· Case 1 (Baseline): Existing NR modulations (BPSK to 256QAM) with a new, realistic 6G PA model.
· Case 2 (Higher-order modulation):
· UL 1024QAM: Primarily focusing on FWA UE implementation feasibility.
· Already agreed to start parallel study in last RAN4 meeting
· DL 4096QAM: Focusing on both BS and UE implementation feasibility.
· Whether and when to consider it as an optional feature for study, pending on RAN4 discussion and decision
· Case 3 (Constellation shaping): Defer detailed evaluation until RAN1 conclusions are stable. 
· Evaluation assumptions:
· PA Model: Depends on the discussion progress on 6G PA model. This is a foundational assumption for all modulation studies.
· EVM budget: Define a clear EVM budget for higher order modulation (UL 1024QAM, DL 4096QAM), considering all impairment sources (PA non-linearity, I/Q imbalance, phase noise, CFR, etc.). 
· Scenarios and frequencies: Focus evaluations on agreed scenarios (TBD, like Urban Macro and indoor hotspot), across agreed frequencies (TBD, like ~700 MHz, 2 GHz, and 7 GHz).
· Bandwidth: Consider wider channel bandwidths (TBD, e.g., 200 MHz)
· Evaluation Methods:
· Methodology: Adopt a single, harmonized methodology to ensure results are comparable. Reuse 5G NR evaluation procedures for existing/higher-order modulations as starting point and focus on changes.
· Link-level simulations: Use link-level simulations to determine the required SNR for higher-order modulations and establish a link-level EVM target. 
· Assumptions should cover carrier frequencies, channel models, and receiver types, etc.
· System-level simulations: Use system-level simulations to evaluate practical achievability and system throughput gains in deployed scenarios. 
· Assumptions should include network layout, pathloss models, and antenna configurations as defined in previous 3GPP documents or those under 6G evaluation discussions, etc.
· Workload split with RAN1: RAN4 should provide timely feedback to RAN1 on RF implications. 
· For uniform modulations, RAN4 conduct MPR/EVM/feasibility evaluation with new PA model. 
· For constellation shaping, RAN4 provide additional evaluation compared to uniform modulations based on RAN1's inputs.

3. Topic #3: Channel bandwidth
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Sub-topic 3-1: Max Channel Bandwidth
· Main proposals
· Baseline maximum CBW: Some proposals suggest to set 200 MHz as the baseline maximum single-carrier channel bandwidth for UE in TDD bands (including ~7 GHz) for initial RAN4 evaluations.
· Study 400 MHz options: Some proposals suggest RAN4 should assess the feasibility of 400 MHz, considering both single-carrier (with 16k FFT, 2x8k FFT) and CA-based (2x200 MHz) approaches. 
· Generic vs. band-specific: Separate the discussion for a generic maximum CBW from band-specific maximums.
· FFT/SCS dependency: The maximum CBW is intrinsically linked to the chosen FFT size and SCS.
· 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.
· Agreement on the max CBW (Main session):
· On DL
· Discuss the feasibility and necessity to support 400MHz either as single CC or CA for UE from RAN4 perspective
· Regarding 400MHz support, RAN4 will study both single CC with 400MHz max CBW+30kHz SCS+16k FFT (2x8k FFT for single CC is not precluded) and CA with maximum CBW of 200MHz+30kHz SCS+8k FFT (200MHz+200MHz) from the following perspectives:
· Implementation considerations, including, but not limited to, the RF/BB architecture, feasibility (e.g. the feasibility to support 400MHz as single CC), complexity, power consumption, etc.
· Pro and Con between single CC and CA, including, but not limited to, the system efficiency, system performance, overhead and other constraints
· The spectrum availability. The target spectrum for this study include ~7GHz, (any others?)
· Support of symmetric/asymmetric DL and UL max CBW, including, but not limited to, system efficiency.
· On UL (to be discussed in AH)

Sub-topic 3-2: Min Channel Bandwidth
· Main proposals
· Most proposals suggest to set 5 MHz as the generic minimum channel bandwidth for the 6G system.
· Proposals suggest to allow 3 MHz as a band-specific option for particular bands (e.g., below 1 GHz) based on operator requests and spectrum regulations, avoiding making it a generic requirement that complicates overall system design.
· Decouple the RAN4-defined minimum CBW for a band from the minimum bandwidth required for initial access, which should be determined by RAN1.
· Define minimum CBW based on SCS (e.g., 5 MHz for 15 kHz, 10 MHz for 30 kHz, 50 MHz for 120 kHz).
· Recommended WF
· Decouple the RAN4 discussion on minimum channel bandwidth from available spectrum perspective and the one from system design perspective led by RAN1
· Work with RAN1 for the chosen minimum CBW in initial access design to accommodate majority spectrum scenarios.

Sub-topic 3-3: FFT size
· Main proposals
· Many proposals suggest to adopt 8k FFT as the baseline maximum FFT size for 6G UEs.
· Proposals suggest that RAN4 should study the feasibility and implications of 16k FFT.
· Proposals suggest that specifications should not preclude implementation choices like decomposed processing (multiple FFTs).
· Recommended WF
· Consider FFT size, maximum Channel Bandwidth and numerology as a framework to have feasibility study from implementation perspective, especially for the feasibility of 8K or 16K FFT size considering the associated SCS and also the frequency ranges
· No specific sub-topic for next meeting.

Sub-topic 3-4: Numerology
· Main proposals
· Single numerology per band: The majority proposal is to specify a single numerology per operating band (or frequency sub-range) as the baseline for 6G.
· Unified SCS for SSB and Data: The SCS for the sync signal (SSB) should be the same as that for other data/control channels in a given band.
· Many proposals suggest 15 kHz for FDD bands and 30 kHz for TDD bands in FR1, 30 kHz for ~7 GHz, and 60/120 kHz for higher bands.
· RAN4 should align its evaluations with the numerology decisions from RAN1, unless critical RF issues are identified.
· Recommended WF
· Evaluate the following proposals regarding numerology from RAN4 perspective 
· "Single numerology" proposal
· Frequency sub-range/Band specific SCS values
· Co-ordinate and align with RAN1 discussion and agreements
· Whether asymmetric numerology for UL/DL could be considered
· Numerology for specific scenarios, like NTN and ISAC
· RAN1 progress should be taken into account

Sub-topic 3-5: Spectrum utilization
· Main proposals
· Some proposals suggest to postpone detailed SU evaluation until later stages when waveform, CBW sets, and key RF requirements are more stable.
· Proposals suggest to use existing 5G NR PA models and RF impairment assumptions as a starting point for initial studies.
· Proposals suggest to agree on a common set of simulation parameters (PA model, waveform, modulation, Tx/Rx RF requirements) for SU evaluation.
· The goal for 6G SU should be to achieve equal or better performance than 5G NR, with a more monotonic trend across channel bandwidths.
· Proposals suggest to define single SU requirements per {CBW, SCS} combination without mandating specific spectrum confinement techniques.
· 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. [>=50MHz]
· 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
· SU for larger channel bandwidth shall be evaluated based on standard progress on CBW

Sub-topic 3-6: Asymmetric channel bandwidths
· Main proposals
· It is proposed to hold detailed discussion on asymmetric CBW until after essential parameters (min/max CBW, numerology) are settled.
· Support asymmetric UL/DL CBW for TDD bands from the start of 6G specifications.
· For FDD bands, support symmetric CBW as a baseline and study asymmetric CBW on a case-by-case basis (e.g., for NTN).
· 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 3-6: Irregular channel bandwidths
· Main proposals
· Collect operator needs: Start by collecting and analyzing real-world operator spectrum allocations to understand the requirements.
· Proposal suggest to clarify the definition of irregular bandwidth and regular bandwidth first
· Develop a generic framework: Proposals suggest to study a generic solution for flexible channel bandwidth that can support any bandwidth value within a range, with the goal of reducing the number of predefined "regular" channel bandwidths.
· Scalable RF requirements: Define RF requirements that can scale with the actual configured bandwidth.
· Reduce test burden: Study the possibility of defining a set of "regular" CBWs for conformance testing.
· 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.

4. Topic #4: Channel arrangement
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Sub-topic 4-1: Channel raster
· Main proposals
· Refarming bands/New bands based proposals
· For legacy refarming bands (especially < ~3 GHz): Continue using a fine, non-SCS-based raster (5kHz or 10kHz) to ensure backward compatibility.
· For new 6G new spectrum and higher frequency bands (especially > ~3 GHz): Adopt an SCS-based channel raster as the baseline to ensure PRB alignment, simplify design, and improve coexistence.
· Proposals on granularity for legacy bands
· Adopt 5kHz raster: as the "greatest common divisor" of 5G SCSs, offering maximum flexibility.
· Adopt 10kHz raster: as a direct evolution of the 5G "enhanced" raster, sufficient for refarming scenarios.
· Proposals on simplification and future migration
· Simplify the overall framework by defining a single raster granularity per frequency range and avoiding multiple rasters per band.
· Study optimization of the channel raster in bands which use the 100 kHz raster and/or possible addition of new raster points to enable future migration to SCS based raster when coexistence with NR is no longer necessary.
· Recommended WF
· For the sub-3GHz bands, adopt smaller channel raster instead of 100kHz channel raster for 6GR
· Further compare 5kHz vs. 10kHz channel raster for different scenarios.
· E.g., evaluate the implementation and coexistence complexity for operators if 6G uses a different channel raster (e.g., 5kHz) in a band where 5G uses 100kHz/10kHz.
· Further study the proposals on simplification and future migration

Sub-topic 4-2: Sync raster
· Main proposals
· Most proposals are considering the sparser design for 6G sync raster, with design principles like:
· Decoupling the sync raster from the channel raster to increase flexibility.
· Use a "reference channel raster".
· Base design on PSS bandwidth instead of SSB bandwidth, to allow for a significantly sparser raster.
· Assume larger minimum channel bandwidths to allow a larger step size between sync raster entries.
· Proposals on hierarchical or simplified raster design
· Implement a two-tier system: a coarse primary sync raster for fast initial cell search and a finer secondary raster for more precise SSB placement within a found cell, to balance energy efficiency with deployment flexibility.
· Flexible step size per sub-frequency range/per band
· Scalable step-size pending on SSB periodicity
· Proposals on RAN1 dependency
· Several proposals suggest to postpone detailed sync raster design until RAN1 has made sufficient progress on the 6G initial access procedure, SSB design, and SSB periodicity.
· Recommended WF
· Evaluation on sync raster from RAN4 perspective:
· Investigate whether the foundational design principles of 5G NR sync raster could still be adopted for 6GR
· Investigate the interaction between the channel raster and the synchronization raster (especially for SSB placement)
· Whether sync raster design could be decoupled from channel raster
· Study the feasibility and methods to sparse the 6G sync raster
· Trade-off between a sparse raster (better for search time/power) and a dense raster (better for flexible SSB placement and network deployment) should be considered

Sub-topic 4-3: Channel spacing
· Main proposals
· Simplify the "nominal channel spacing" definition by no longer explicitly supporting mixed numerologies on adjacent carriers.
· Treat channel spacing as FFS until the core parameters like numerology, channel bandwidth, and channel raster are more stable.
· Recommended WF
· FFS channel spacing issues until the core parameters like numerology, channel bandwidth, and channel raster are more stable
· Take the observations and proposals into account in future discussion

5. Topic #5: Device types
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· Main proposals
· Framework and principles:
· Scalable Framework: Some proposals consider a basic mandatory set for all devices and additional mandatory/optional capability sets per device type.
· Specification structure: Some proposals suggest to avoid explicitly mentioning form factors. Specify requirements based on physical restrictions (e.g., number of antennas) and create requirement branches only when necessary.
· Forward compatibility: Proposals suggest that the design should be scalable to support future, unanticipated device types.
· Key differentiating parameters:
· Multiple contributions identify a common set of fundamental RF/BB parameters to define device types:
· Number of Tx/Rx antennas and MIMO layers
· Min and max Channel Bandwidth (per band/FR/sub-FR)
· Supported modulation orders (DL/UL)
· Power Class
· Duplex Mode (FDD, TDD, HD-FDD)
· RRM mobility 
· Specific capability assumptions:
· Tx/Rx Numbers: Many contributions provided detailed proposals suggest baseline Tx/Rx configurations per device type and frequency range. The following category and numbers are just examples from the contributions:
· IoT: 1T1R
· Wearable/RedCap: 1T2R
· Smartphone (Handheld): 2T4R/3T6R, or potentially higher (e.g. 4T8R) in new spectrum around 7GHz
· FWA: 4T8R or higher (e.g. 8T8R)
· Channel Bandwidth: Proposals range from 3/5 MHz for IoT to 400 MHz (~7GHz/15GHz) or more (FR2-1) for FWA in new spectrum.
· Power Class: Proposals suggest differentiating devices by power class, with FWA supporting higher power.
· RAN4's scope and work plan:
· Produce a list of implementation restrictions and feasible capability combinations to assist RAN's device type definition.
· Studies on dynamic capability reporting and advanced capability sets can be considered later.
· Recommended WF
· Avoid duplicating the device type categorization discussion. RAN4's focus should be on evaluating the fundamental parameters and implementation feasibility, while leaving the device type decision to RAN.
· Identify the distinct implementation types that need specific RAN4 requirements, which may not directly map to the final RAN device types.
· 5G NR implementation types/features with specific requirements could be considered as starting point
· Concentrate studies on evaluating the implementation feasibility with consideration on performance and complexity trade-offs for the identified types with following core parameters
· Number of Tx/Rx
· Maximum channel bandwidth
· Power class
· Duplex mode
· Modulation order
· Others (TBD)
· Note: Realistic "baseline" and "maximum" values should be considered for the applicable parameters per RAN4 identified type and frequency range.
· Study the relationship of RAN discussed device types and RAN4 requirements, ensuring a scalable framework for future releases. Including but not limited to the following aspects:
· The feasibility of specifying a unified requirement set per device type, or whether RAN decided device types have direct impact on RAN4 specified requirements
· How to accommodate implementation-specific and feature-based requirements
· How to accommodate baseline vs. maximum or mandatory vs. optional capability requirements in terms of different types
· How to address the potential overlapping capabilities among different types in terms of RAN4 requirements
· Collaboration with RAN: Consolidate the findings from RAN4 studies into a formal input to RAN, including:
· Feasible RF/BB capability combinations for the types which require specific RAN4 requirements including baseline/mandatory and maximum/optional capability
· Comprehensive summary of implementation restrictions and trade-offs.
