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



· 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.
· Agreement (Adhoc):
· Target bands: 
· ~7GHz with high priority for response of RAN1 LS
· For RAN4 evaluation, PA model with applicable RF requirements should be further considered
· Any other bands are not precluded
· Evaluation framework
· Adopt the Net Gain metric for UL low PAPR waveform: Same metric as that agreed by RAN1 
· Evaluation of UL low PAPR waveforms with fixed NR SU for existing CBW
· Waveform evaluation assumptions 
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
	


Note: The table is considered as baseline for PA calibration.

PA model
· Agreement (Adhoc)
· Staged development of the PA model used for waveform evaluation.
· For RAN1: Provide a model for timely waveform comparison.
· Targeted for RAN4#118 meeting
· For RAN4: Continue internal development of PA models, if needed, with more realistic considerations for RF requirements evaluation.
· Prioritize PA model(s) for 7 GHz, PC2/PC3 for waveform evaluation.
· Consider models like the Generalized Memory Polynomial (GMP) 
· Other options not precluded 
· 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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· WF
· Evaluation Cases:
· Case 1 (Baseline): Existing NR modulations (BPSK to 256QAM) with new 6G PA model(s).
· 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 further 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)

3. Topic #3: Channel bandwidth
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Sub-topic 3-1: Max Channel Bandwidth
· 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 
· Option 1: Same as DL
· Option 2: FFS
OPPO: the same as DL, UL has the feasibility issue too.
Xiaomi: it is even more challenge to support 400MHz as single CC for UL. Not feasible to support 400MHz. Also, due to the concern of coverage, it is questionable if 400MHz should be supported
Apple: UL has different challenge from DL, especially from the commercial RF component availability perspective. the feasibility to support 400MHz is unclear.
Vivo: similar view as Xiaomi and Apple. 200MHz max CBW is more technically reasonable.
LGE: share the view with others on the feasibility of 400MHz.
MTK: UL can experience more challenge than DL. The decision should be made separately. It is questionable on the feasibility of 400MHz for UL.
Qualcomm: 400MHz should be studied. ADC in FR2 has been already able to cover 400MHz bandwidth
Skyworks: similar view as Qualcomm
Nokia: more discussion is needed
CMCC: more discussion is needed
Spreadtrum: share similar view with other UE vendors. 400MHz for UL is very challenge and the feasibility is questionable.
T-Mobile: similar view as Qualcomm. Prefer to support 300MHz as single CC.
Huawei: more discussion is needed
ZTE: similar view as Qualcomm. PA relative channel can up to 6%. 400MHz support should be possible. 
AT&T: more discussion is needed
DCM: more discussion is needed
Samsung: while respecting the willingness to support 400MHz, the feasibility to support 400MHz is questionable.
Charter: the spectrum can be up to 400MHz. more discussion is needed
CATT:hard to conclude the feasibility issue in this meeting.
Xiaomi: UE vendors’ technical concern should be taken into consideration. This is an urgent issue to be resolved based on interim milestone defined in 6G SID. The argument on high BW support in FR2 is irrelevant to this discussion due to different architecture. Same to the argument on Wifi part.
OPPO: Share the similar view as Xiaomi. It should be recognized in RAN4 that 400MHz support in UL is challenge from UE perspective.
Apple: FR2 related argument may not help much in this discussion. PA uncertainty to support 400MHz is the fact and should not be ignored. 
Huawei: PA availability can be one of the key discussion points on this issue. 
Skyworks: PA should not be considered as the bottleneck for this. 
Agreement on UL max CBW for ~7GHz:
· Operators, some of infra vendors and some of UE vendors have strong interests to continue the discussion on supporting max 400MHz UL spectrum with 30kHz SCS during the 6G study, subject to the interim milestone timeline.
· From UE implementation perspective based on the inputs from UE vendors, max CBW 400MHz with 30kHz SCS for UL is considered as very challenge and the corresponding feasibility to support it is broadly questioned.
· Some UE vendor thinks it is feasible to support max CBW 400MHz with 30kHz SCS for UL.
· Based on the existing state-of-the-art solution, max CBW 200MHz with 30kHz SCS is considered as feasible 
· The feasibility can be further confirmed. 
· Max CBW for UL will be further discussed in RAN4#118 with both operators’ requests and the feasibility issues raised by the UE vendors taken into consideration.
· Interested companies are encouraged to bring their technical analysis on the following aspects in RAN4#118
· Availability of RF components and their performance to support max CBW
· The feasibility, pro and con to support max CBW 400MHz+30kHz vs. max CBW 200MHz+30kHz vs. 200MHz+200MHz CA with max CBW 200MHz+30kHz.
· UL coverage
· Other aspects are not precluded.
Sub-topic 3-2: Min Channel Bandwidth
· 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 3-3: FFT size
· 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
· Agreement:
· Evaluate the following proposals regarding numerology from RAN4 perspective 
· "Single numerology" proposal
· Single SCS for one band or frequency sub-range
· Same SCS for SSB and Data in one band
· Frequency sub-range/Band specific SCS values
· Co-ordinate and align with RAN1 discussion and agreements
· Numerology for specific scenarios, like NTN and ISAC
· RAN1 progress should be taken into account

Sub-topic 3-5: Spectrum utilization
· 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
· Using PA model(s) discussed for waveform evaluation 
· 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
· WF
· Defer the detailed analysis of asymmetric channel bandwidth (not max CBW UL/DL) to a later stage of the study item or to the work item phase.

Sub-topic 3-6: Irregular channel bandwidths
· 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
· 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
· 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)
· E.g., 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
· 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
5 
· 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.

