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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. 
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Waveform
Agreement (Main session):
· Uplink PAPR reduction to UL DFT-s-OFDM and CP-OFDM,
· RAN4 carry out individual evaluations on PAPR-reduction techniques, mainly focusing on the Tx power gain by taking RF requirements into consideration.
· Coordination with RAN1 is required on the aspects which have RAN1 impacts.
· The evaluation should be based on the agreed waveform evaluation assumptions
· RAN1’s agreements on the evaluation assumption should be taken into consideration.
· Other Waveforms
· Defer consideration of other waveform (like DL DFT-s-OFDM) until RAN1 reaches consensus.
· Waveform evaluation assumptions (to be discussed in AH)
· 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
	



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.
· to be discussed in AH
· WF on PA models in 6GR waveform evaluations
· draft Reply LS on PA models in 6GR waveform evaluations

2. Topic #2: Channel bandwidth
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Sub-topic 3-1: Max Channel Bandwidth
· 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).
· Chair’s guidance on max CBW in RAN4#118
· To facilitate the discussion and eventually agreements, the following aspects should be discussed and clarified
· DL
· Feasibility to support 400MHz as single CC at both UE and BS
· By assuming single 400MHz CC is feasible at both UE and BS, comparison between 2x200MHz CA and 400MHz single CC should be clarified including the aspects of spectrum efficiency, SCell activation/BWP switching delay, power consumption and complexity, etc.
· UL
· Feasibility to support 400MHz as single CC at both UE and BS. 
· Recommended WF 
· TBA

Sub-topic 3-2: Min Channel Bandwidth
· 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 (to be discussed in AH)
· 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
· 3MHz is still allowed for particular FDD bands upon request from operators
· 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
Agreement (Main session):
· Single and same SCS per operating band for both UL and DL, except PRACH
· FR1 FDD (Sub-6GHz): 15 kHz
· FR1 TDD (Sub-6 GHz): 30 kHz
· ~7 GHz Band including U6G: 30 kHz
· ~15 GHz Band for TN:	FFS (30, 60, or 120 kHz)
· Postpone the discussion until clarification is made in RAN plenary
· FR2-1 (24.25–52.6 GHz): 120 kHz
· Numerology of SSB is FFS including 120kHz and 240kHz
· Postpone discussion of numerology for NTN and ISAC until further progress is made in RAN1.

Sub-topic 3-5: Spectrum utilization
· 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.
· 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.
· 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.
· 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  (to be discussed in AH)
· 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
· Companies can choose their own models 
· 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
· 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 WFAgreement in AH  (to be discussed in AH)
· Defer the detailed evaluation of asymmetric channel bandwidth at least after max/min CBW is finalized. 

Sub-topic 3-6: Irregular channel bandwidths
· 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  (to be discussed in AH)
· 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.
· Encourage operators to provide inputs on candidate irregular CBWs
