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0 Introduction
This t-doc provides feature lead summary on ”6G general RF and UE RF part II” based on t-docs submitted under AI 8.3.3 and 8.3.4 from RAN4#118 meeting and includes following topics based previous agreed topic list in R4-2522267:
5) Frequency range between FR1 and FR2-1
6) Spectrum aggregation
7) Joint UE and BS RF
8) Others

Please refer to latest running FL summary in  R4-2602005 for previous RAN4 agreements and relevant RAN1/RAN2 progress. 

According RAN4 chain guidance as documented in R4-2511652, RAN4 takes gradually increased effort in 6G study (only 7 TUs assigned till Q1’26 for 6G; and 20 TUs assigned from Q2’ 26). The preliminary target for 6G UE RF in Q1’26  is to continue identifying priority areas with refined scope definition, enabling RAN4 to conduct in-depth study in subsequent phases. Table below provides FL’s plan at RAN4#118 for list topics:
	Topic
	Preminary target in RAN4#118

	Frequency range between FR1 and FR2
	Identify candidate options for antenna and RFFE architecture assumption on around 7GHz (prioritized), 10GHz and 15GHz 

	Spectrum aggregation
	Refine the study scope  as RAN4 centric topics 
· Necessity of Intra-band NC CA
· Co-current Tx/Rx operation (scenario, and criteria)
· Tx/Rx swicghing (scenario, swicthing/interruption time)
Identify potentail area which led by other WGs and require RAN4 deeply involvement 

	Joint BS and UE RF (Tx EVM relaxtion with DPoD)
	Prioritize Tx non-linearity modelling, and identify other key aspect for next step feasibility study/evaluation

	Others 
	Identify potentail areas wihich have less other WG dependency for further study 




Ad-hoc #1 
Tuesday Night (18:40~ 19:30) @Main room
· Sub-Topic 3-1: Tx EVM relation with DpoD (30miniutes)
· Topic #2 Spectrum aggregation (15 miniutes)
· Sub-Topic 2-1 Intra-band contiguous/non-contiguous CA (15 miniutes)
· Sub Topic 2-2 Tx/Rx swcithing (15 miniutes)


1 Topic #1: Frequency range between FR1 and FR2-1 
Backgroup information:
Last meeting RAN4 agreements in UE RF thread for frequency range between FR1 and FR2 [WF R4-2522451]:
	· Agreements
· Study for around 7 GHz, around 10 GHz and around 15 GHz
· Which frequencies can and should adopt FR1-like antenna and conducted RF requirements
· Realistic antenna count considering also impact to other frequency ranges
· NF assumption and implementation margin


On 6G spectrum, agreements in RAN4#117 under 6G spectrum thread [WF R4-2522463]:
	[bookmark: _Hlk213859153]Sub-topic 3-1: New spectrum for consideration during the 6G SI
Issue 3-1-1: New spectrum/bands for consideration during the 6G SI
Agreement:
· For new 6G spectrum, RAN4 shall initially focus on a new 6GR band around 7GHz.



<FL note: FR definition and regulation survey belong to 6G spectrum agenda, in UE RF thread we focus on UE RF characteristics including antenna, and RFFE architecture assumption.>
1.1.1 Sub Topic 1-1: Antenna architecture assumption (Conductive vs Radiated RF characteritics)
· Key observations:
· According to previous RAN4 study captured in TR 38.921 and TR 38.922, at least for up to 10GHz, conductive requirements with antenna connector (FR1 like) is feasible with omnidirectional antenna or directional antenna system (digital beamforming) 
· On around 15GHz, the possibility with different antenna architecture assumptions observed by companies, including “FR1 like” conductive requirements with directional antenna/ directional antenna system, and “FR2 like” OTA requirements with directional antenna panel
· Multiplexing multiple bands to single antenna is feasible for FR1 like RFFE architecture, while separate antenna array required with FR2 like architecture for bands that cannot use the same array geometry
· Several aspects proposed by companies for further consideration i.e., antenna performance related to coverage, antenna size limitation with associated device type/form factor assumption, feasibility with antenna connector, and relevant regulation status 
· For channel loss and penetration loss compared to C band (3.5GHz around), around 12 dB in 7GHz frequency range and 22dB loss in 15GHz frequency range needs to be compensated to achieve same coverage as C band
· To achieve similar coverage as NR C band (3.5GHz round) at around 7GHz, joint effort from BS and UE is required with necessary enhancements. 
· Main Proposals
· On around 7GHz:
· “FR1 like” conductive requirements shall be applied with antenna connector 
· On around 10GHz:
· Option 1: “FR1 like” conductive requirements with antenna connector 
· Option 2: Further study, also wait for spectrum regulation update (e.g.WRC-27)
· On around 15GHz:
· Option 1: “FR1 like” conductive requirements still possible 
· Option 2: “FR2 like” radiated requirements applied 
· Option 3:  Discriminate based on device type, for handheld UE, “FR1 like” conductive requirements still possible; “FR2 like” requirements can be considered for FWA/CPE device
· Option 4: Radiated requirements – to allow distributed antenna systems with reduced-power PAs to collaboratively fulfill the objectives through digital beamforming. 
· Option 5: Further study
· One proposal suggests to specify power classes with technical neutral approach with per antenna port basis instead of per antenna as general principle for above 10GHz  
· Recommended WF
· On around 7GHz, “FR1 like” conductive requirements shall be applied with conductive test 
· Further evaluate possible antenna architecture including omnidirectional antenna, directional antenna system (digital beamforming)
· On around 10GHz and 15GHz, further evaluate feasible antenna architecture considering following aspects
· Antenna performance on coverage, antenna size limitation with  associated device type/form factor assumption, feasibility with antenna connector 
· Other aspects not precluded 
· Tight cooperation with 6G spectrum thread on 6G new spectrum regulation update 
· Online Agreement:
· On around 7GHz, “FR1 like” conductive requirements shall be applied with conductive test 

1.1.2 Sub Topic 1-2: NF assumption and implementation margin
· Proposals
· Proposal 1: use the outcomes in TR 38.921, TR 38.922 as starting point for around 7GHz, around 10GHz and around 15GHz study.
· Proposal 2: RAN4 can keep the same NF level with 13dB at around 7GHz as shown in TR38.922. The NF at around 15GHz can be relaxed with 14dB.
· Proposal 3: For around 7GHz and around 10GHz (e.g., 7-10GHz), NF is 10dB can be a starting point; for around 15GHz, NF is 13.5dB can be a starting point. Implementation margin can be further discussed.
· Recommended WF
· On around 7GHz, taking TR 38.822 conclusion as starting point with NF as 13 dB
· On around 10GHz, 15GHz, FFS on NF level pending on further study
· Further discuss implementation margin 

2 Topic #2: Spectrum aggregation 
Backgroup information:
Last meeting RAN4 agreements in UE RF thread for spectrum aggregation [WF R4-2522451]:
	· Agreements on contiguous and non-contiguous CA
· Encourage inputs from operators, infra-vendors as well as other companies on demand for intra-band non-contiguous UL CA considering all the constraints observed during 5G
· For contiguous CA study further the need for 
· Defining BCS, discuss BCS in spectrum thread
· RF requirements for non-contiguous RB allocations
· BW class narrower than or equal to widest single carrier BW
· Discuss the single wide carrier vs. intra-band CA initially in system parameter thread, especially when it comes to defining the maximum channel bandwidth
· Agreements on switching and interruptions
· Aim to identify all relevant switching scenarios during RAN#118
· Further study if switching time for those scenarios can be improved compared to 5G and whether the improvement is useful and brings real benefit considering e.g. number of impacted symbols
· Consider interruptions, UL-DL switching, carrier switching and transient times separately
· For interruptions, focus on need for interruptions and RF re-tuning time impact on interruption duration
· Final total interruption duration including potential different granularity for interruption durations is not discussed in UE RF  
· Agreements on simultaneous Tx-Rx operations between different operating bands
· Study which band combinations should be specified for concurrent operations in the specifications in consistent manner
· Strive to identify cause for requirement complexity in 5G and how to alleviate the situation for 6G
· Take into account that 6G combinations are not yet available


On 6G spectrum, agreements in RAN#110 as documented in [RP-253754]
	6GR aims to support improved spectrum utilization and operations over one or more carriers/bands, compared to 5G NR.
6GR aims to support flexible utilization of spectrum resources for DL and UL over different carriers/bands.
6GR aims to support spectrum allocation scalability, including the fragmented, irregular spectrum allocations. 
6GR aims to support UEs with different BW capability in the same spectrum and in the same base station.
6GR shall support the designated frequency ranges between [410MHz] and 52.6GHz for TN
· The supported frequency ranges include existing NR TN operating bands
· The lower bound of the considered frequency ranges can be revisited based on operators’ input



2.1.1 Sub-topic 2-1 Intra-band contiguous/non-contiguous CA
<FL note: according to last meeting RAN4 agreements, BCS set will be handled under 6G Spectrum thread; relevant proposals not captured here>
· Key observations:
· On necessity of supporting intra-band NC CA and intra-band CCA with non-contiguous RB allocation 
· Some infra-vendors and operators observe intra-band NC CA may be still required considering transient period from 5G spectrum refarming to 6G even contiguous spectrum allocation can be considered as major case
· Some operator observes intra-band CCA with non-contiguous RB allocation still required considering NW scheduling flexibility including frequency selective scheduling, resource fragmentation in high-load scenarios, and interference coordination 
· From requirements perspective, MPR requirements and/or MSD(RSD) have dependency on non-contiguous CA/non-contiguous RB allocation with poor performance observed by companies 
· On BW class narrower than or equal to widest single carrier BW
· Several companies observe no benefits to support BW class narrower than or equal to widest single carrier BW 
· Main proposals
· On necessity of supporting intra-band NC CA and intra-band CCA with non-contiguous RB allocation 
· Some proposals suggest to deprioritize these scenarios or not supported in 6GR if no demand from operators
· Several proposals suggest to collect operators’ demand and further study possible ways on optimization of requirements especially for MPR reduction 
· Some proposals suggest to limit supporting intra-band NC CA with only single carrier scheduled via UL carrier switching 
· One proposal suggests to consider OBUE requirements relaxation
· On BW class narrower than or equal to widest single carrier BW 
· Major proposal suggests not to consider such case, and one proposal suggests to study the impact of UE with different maximum BW capabilities
· Recommended WF
· On necessity of supporting intra-band NC CA and intra-band CCA with non-contiguous RB allocation on UL part
· Further collect the demand and operating scenarios from operator and infra-vendor
· Study possible way to optimize requirements for MPR reduction e.g., restriction of single carrier scheduled/configured/activated via switching for intra-band NC CA
· On the needs of BW class narrower than or equal to widest single carrier BW
· Only introduce BW class larger than widest single carrier BW as baseline assumption
· Further study the impact on UE with different maximum BW capabilities
· Also pending on the conclusion from 6G system parameter thread on maximum BW

· Ad-hoc discussion
UL NC CA
Skyworks: Better to clarify DL or UL ?
Huawei: We would like to keep the possibility.
QC: We would like to get the operators’ feedback do we need to consider in 6G day1?
ZTE: On intra-band NC CA, we don’t think it can be ruled out. On CCA with non-contiguous RB allocation, didn’t see the needs. 
Apple: We suggest not consider both cases given lesson from NR. 
CMCC: We see the possibility on supporting intra-band NC CA.
CHTTL: We prefer to keep it open considering the uncertainty of spectrum deployment.
NTT DoCoMo: We have fragmented spectrum; we can’t exclude it at current stage. 
Nokia: we don’t think it’s need for UL. 
BW class
Xiaomi: Needs to clarify the widest single carrier BW. 
QC: Aggregated BW shall not be less than single carrier BW.
Apple: Not prefer to specify CA bandwidth class B. 
OPPO: Prefer to remove class B. 
Nokia: Our understanding is about maximum system BW.
· Ad-hoc Agreement:
· On necessity of supporting intra-band NC CA and intra-band CCA with non-contiguous RB allocation on UL part
· Further collect the demand and operating scenarios from operator and infra-vendor
· Study possible way to optimize requirements for MPR reduction e.g., restriction of single carrier scheduled/configured/activated via switching for intra-band NC CA


2.1.2 Sub-topic 2-3 Tx/Rx swicthing
· Key observations:
· Following scenarios are observed by companies which existed in NR specifications or on discussion in Rel-20 WI/TEI
	Switching scenario
	Switching time

	UL and DL switching within same carrier under TDD band
(Note 1)
	FR1
	13ms (Rel-15)

	
	FR2
	7ms (Rel-15)

	UL on-off within same carrier under TDD band
	FR1
	10 us (Rel-15)
{2us, 4us, 7us} per UE capability “enhancedUL-TransientPeriod-r16”)

	
	FR2
	5 us

	Uplink Tx switching including NUL-SUL, inter-band CA with up to 4 bands
1Tx/2Tx /3Tx
	2 bands,1T-1T, NUL-SUL
	0 us (Rel-15)

	
	2 bands,1T-2T, NUL-SUL
/ Inter-band CA
	{35us, 140 us, 210us} (Rel-16)

	
	2 bands,1T-2T/2T-2T, NUL-SUL/Inter-band CA 
	{35us, 140 us, 210us} (Rel-17)

	
	Up to 4 bands,1T-1T/1T-2T/2T-2T, NUL-SUL/Inter-band CA, Dual TAG
	{35us, 140 us, 210us} (Rel-18)

	
	2 bands (1T+2T-> 2T+1T)
Inter-band CA
	{35us, 140 us, 210us} (Rel-19 TEI)

	
	2bands,1T-1T, NUL-SUL/Inter-band CA
	{35us, 140 us, 210us} (Rel-20 TEI) on discussion

	Low-low band CA switching 
	Carrier switching between FDD carrier and SDL carriers 
	{35us, 70us, 140us} (Rel-19)

	
	Carrier switching between FDD carrier and SDL+FDD DL CA 
	{35us, 70us, 140us} (Rel-20) on discussion

	SRS carrier switching 
SRS Tx port switching
	
	{0, 30, 100, 140, 200, 300, 500 and 900us}

	UE-specific CBW change
	
	{500us, 1000us}

	Active BWP switching
	Type A
Type B
	Pending on scenarios (refer to R4-1803283)

	RRM related RF switching time 
· SCell operations
· Measurement activities
	
	500 us as RF switching time (implicit assumption reflected in RRM requirements) 

	Note 1: No explicit RF requirements (refer to R4-1805766)
Note 2: EN-DC scenarios is not list here 


· The benefits and feasibility of shortening swicthing time/intteruption time is questionable which aslo have dependency on RAN1 design for swicthing scheme deisgn, and relationship between symbol/CP length and swicthing time/intteruption time length
· Some companies observed there is possibility to shorten swicthing time/interuption time
· There is inconsistent assumption between RF requirements and RRM requirements for RF returning time 
· Main proposals
· On considered scenarios
· Main proposal sugguest to take NR sceanrios as starting points and further clarify which scenarios shall be considerd for 6GR in day 1
· Common interested scenarios proposed for further consideration at least including 
· UL Tx Swicthing including SUL, inter-band CA for up to 4 bands with 1T-1T, 1T-2T, 2T-2T
· LB CA via swicthing
· Further study the implementation constraints of shortening swicthig time/intteruption time and the benefits shall be well justified first
· Some proposals sugguet to merge PA on-off time into the UL Tx switching time
· RAN4 to study unifing Tx/Rx swicthing framework with joint effort toghther with others WGs (RAN1/RAN2)
· Recommendation WF
· On target scenarios
· At least considering following existing scenarios from NR for initial study purpose
· UL Tx Swicthing including SUL, inter-band CA for up to 4 bands with 1T-1T, 1T-2T, 2T-2T
· LB CA via swicthing
· FFS whether considering addtional scenarios including
· Adpative BWP swicthing
· UE-specific CBW change 
· DL-UL swicthing in same carrier on TDD band
· SRS Tx swicthing 
· Addtional new scenarios which not identied in NR not precluded 
· On swicthing and interruption time
· Further discuss the benefits and implmentation constraints of shortening swicthing time/intteruption time on identified scenarios 
· Consider interruptions, UL-DL switching, carrier switching and transient times separately
· For interruptions, focus on need for interruptions and RF re-tuning time impact on interruption duration
· Final total interruption duration including potential different granularity for interruption durations is not discussed in UE RF  
· Tight cooperation with other WGs if cross WG impact identified 
· Strive to align the RF switching time assumption on relevant RRM requirements per request from 6G RRM thread
· Strive to unify Tx/Rx switching framework on idenfied sceanrios
· Tight cooperation with other WGs (RAN1, RAN2)

2.1.3 Sub-topic 2-3 Simultaneous Tx-Rx operations between different operating bands
· Key observations:
· Following pain points in NR observed from companies 
· 5G take non-simultaneous Rx/Tx as baseline for TDD-TDD band combinations, and mandatory for certain band combination as case by case manner per operators’ request (unefficient way)
· Lack of clear criteria on the condition of simultaneous Tx-Rx operations (ambiguous on mandatory supporting simultaneous Tx-Rx)
· Only TDD-TDD band combinations and some specific band combos with cross-Tx/Rx interference or closed/overallped frequency allow non-simultaneous Tx-Rx operations in NR
· Main proposal:
· 6G study should focus on the technical criteria to decide mandatory support is feasible without the need for further verification.
· for other band combination, 5G principle to discuss case by case on supporting simultaneous Tx-Rx operations shall not precluded 
· Recommended WF
· Study which band combinations should be specified for concurrent operations in the specifications in consistent manner
· Strive to identify the technical criteria on identify band combinations supporting concurrent operations as default 
· It’s not precluded to discuss other band combinations in case-by-case manner on supporting concurrent operations per operators’ request 
· Strive to identify cause for requirement complexity in 5G and how to alleviate the situation for 6G
· Tight cooperation with 6G spectrum thread on potential 6G band combinations 
2.1.4 Sub-topic 2-4 Flexcible Spectrum aggregation 
· Key observations:
· According to RAN-P agreements:
·  6GR aims to support spectrum allocation scalability, including the fragmented, irregular spectrum allocations
· 6GR aims to support flexible utilization of spectrum resources for DL and UL over different carriers/bands
· New spectrum aggregation schemes led by other WGs which may have big impact to RAN4 e.g. Single cell multi-carrier (Elastic cell with multiple carriers), DL/UL decoupling/paring.
· Main proposals:
· On fragmented spectrum allocation
· Using CA as baseline assumption, to evaluate potential impact from RAN4 perspective including reference RF architecture, RF performance, in-gap interference handling, deployed scenarios
· Leverage Rel-19 RAN4 fragmented carrier SI with extension to other possible scenarios 
· RAN4 shall deeply involve in other WGs led advanced spectrum aggregation works e.g., single cell multi-carrier (Elastic cell with multiple carriers), DL/UL decoupling (DL/UL paring)
· RAN4 focus on the feasibility study considering reference RF architecture, scheduling restriction 
· RAN4 work shall be triggered by other WGs LS or pending on sufficient progress from other WGs with the concept is clear 
· Some proposals suggest to start the work immediately in RAN4 and send information and request to other WGs for further input
<FL note: RAN1 plan to initiate initial discussion on spectrum aggregation from Q1’26, without sufficient input from RAN1, it’s inefficient to trigger parallel discussion given the new concept is still unclear even from RAN1 perspective for advanced spectrum aggregation schemes>
· Recommended WF
· On fragmented spectrum allocation
· Collect operators’ demand on fragmented spectrum allocation scenarios 
· RAN4 initiate the study-based CA framework, and identify RAN4 centric work with less cross workgroup dependency including following aspects
· Reference UE architecture, RF performance impact, in-gap interference handling
· Leverage Rel-19 RAN4 fragmented carrier SI with extension to other possible scenarios 
· Tight cooperation with other WGs to identify relevant RAN4 work scope on advanced spectrum aggregation schemes e.g., single cell multi-carrier (Elastic cell with multiple carriers), DL/UL decoupling/paring
· Postpone the discussion until sufficient progress from other WGs with the clarity on the concept is clear or triggered by incomming LS 

3 Topic #3: Joint BS and UE RF
Pre-meeting agreement:
	· Agreements for Tx EVM relaxation
· Network control is needed in case 3GPP agrees to introduce UE Tx EVM relaxation feature
· Study scope for 5GA 
· Study the feasibility to reduce UE MPR values with the relaxed Tx EVM requirement for 5G NR higher modulation orders, i.e., 64QAM, 256QAM
· Study the impacts on BS receiver from demod perspective
· Study the net gain for Tx EVM relaxation
· Consider at least low and high MCS for each modulation order
· The study is performed based on non-AI-based approach at BS receiver under existing and relaxed UE TX EVM requirements
· Non-linearity model(s) of transmission signals are studied to capture PA non-linearity and other RF impairment
· The requirements for other gating factors that impact MPR remain unchanged.
· IBE requirement is based on non-relaxed Tx EVM
· Only 5G requirements are considered
· Only 5G waveforms are considered
· The study is performed based for FR1 single CC operation.
· SU-MIMO at least up to 2 layers and MU-MIMO
· PC3 with 1Tx, PC2 with both 1Tx and 2Tx
· Example bands 
· TDD : n41, n77/n78/n79 and n104
· FDD : n1, n5
· Different bandwidth allocations : narrow, medium and full
· Waveform: CP-OFDM
· Additional considerations for 6G study scope include
· FFS for 1024QAM
· Use 5G requirements as starting point, FFS on accommodating 6G-specific requirements
· FFS for accommodating 6G waveforms
· Prioritize discussion on RF modelling in RAN4#118



3.1.1 Sub-topic 3-1 Tx EVM relaxtion with DPoD 
· Key observations:
· On Tx EVM impact/Tx-nonlinearity model
· Besides of PA non-linearity, several companies observed at least Transmitter non-linearity, I/Q imbalance, and phase noise have impact on Tx EVM which also assumed in LTE/NR for Tx EVM budget 
·  Some companies observed additional detailed aspects may have impact on Tx EVM e.g. DAC non-linearity, LO leakage, filter characteristics, CFR and DPD
· On performance evaluation for DPoD in receiver side 
· Some companies observed that non-linearity compensation in BS side can achieve BLER gain with and without Tx EVM relation 
· Some companies observed that non-linearity compensation in BS side can achieve net gain (including both BLER benefits and power boosting in Tx side (with Tx EVM relaxation)
· Some companies observed no MPR reduction gain or marginal gain for 64QAM with Tx EVM relaxation as IBE become dominated factor
· Some companies observed the performance gain on DPoD have dependency on several factors e.g., Tx no-linearity modeling, modulation orders, IBO (input power backoff) range, channel model, BS non-linear receiver design, etc. 
· Main Proposals:
· On performance evaluation metric
· Net gain proposed as target metric 
· Net Gain [dB] = (Tx power boosting/gain relative to reference) − (SNR degradation relative to reference at 10% BLER)
· One proposal suggests to decouple WI phase and SI phase with different evaluation metric i.e., in SI phase only focused on receiver BLER with fixed Tx EVM 
· On target modulation orders
· 6GR high modulation order: propose to consider 1K QAM pending on 6G system parameter progress 
· Some proposals suggest to deprioritize 64QAM 
· On Tx EVM non-linearity modelling
· Main proposals suggest to take NR UL 64QAM, 256QAM Tx EVM budget as starting point with PA non-linearity, phase noise, IQ imbalance and transmitter as major contributor 
· Some proposals suggest to consider additional aspects e.g., DPD, CFR and other aspects from Tx DFE, Tx AFE
· On PA model
· Several proposals suggest no limitation on PA models (companies can use their own model) with aligned calibration points from legacy MPR simulation
· DFT-s-OFDM waveform and QPSK modulation in 20MHz 100RB
· 30 dBc ACLR (for PC3) or 31 dBc ACLR (for PC2),
·  -28dBc IQ image, 
· -28dBc carrier leakage 
· 60dBc CIM3
· 1dB MPR
· Some proposals suggest to consider more realistic PA model e.g., consideration on memory effect
· Some proposals suggest to study DPoD receiver robustness with PA model/Tx non-linearity modeling dependency, consider a composite PA model or multiple PA model across frequency ranges
· On detailed Tx non-linearity modeling 
	Factors
	Model

	For CFR clipping
	Option 1: Magnitude only
	[image: 文本, 信件

AI 生成的内容可能不正确。]

	
	Option 2: No explicit modelling

	For phase noise
	Option 1: Phase only
	[image: 文本, 信件

AI 生成的内容可能不正确。]

	
	Option 2: Model as Gauss white noise

	For PA non-linearity
	Magnitude only
	GMP model (refer to TR 38.803) 

	For IQ imbalance
	Both Phase and magnitude
	[image: 文本, 信件

AI 生成的内容可能不正确。]
unified distribution

	Transmitter 
	Model as Gauss white noise


· Recommended WF
· On performance evaluation metric: Net gain adopted as target metric 
· Net Gain [dB] = (Tx power boosting/gain relative to reference) − (SNR degradation relative to reference at 10% BLER)
· On Tx EVM non-linearity modelling/budget
· For initial evaluation purpose: Take existing NR UL 64QAM, 256QAM Tx EVM budget as starting point with PA non-linearity, phase noise, IQ imbalance and transmitter as major contributor
· NR UL 64QAM Tx EVM budget: 8% total EVM is divided into 5.65% from PA, 3.35% from Transmitter, 2.24% from Phase Noise and 3.98% from I/Q imbalance
· NR UL 256QAM Tx EVM budget: 3.5% total EVM is divided into 1.9% from PA, 1.1% from Transmitter, 1.78% from Phase Noise and 2.06% from I/Q imbalance
· Focus on the relaxation of EVM for PA part, and maintain the budget on other aspects 
· Encourage further input on following issues
· Additional aspects which have impact on Tx EVM e.g., DPD, CFR and other aspects from Tx DFE, Tx AFE and whether/how to take them into consideration for simulation for 5G and 6G study
· DoPD performance robustness and [testability] considering UE implementation diversity on Tx nonlinearity especially PA non-linearity  
· On PA model
· For initial evaluation purpose: Companies can use their own PA model with aligned calibration points from legacy MPR simulation
· Using multiple PA models not precluded considering UE implementation and power class diversity
· When provide evaluation results, companies shall clarify the PA model used for their evaluation 
· Tight cooperation with 6G system parameter on suitable PA model for 6G consideration
· Further discuss following detailed Tx EVM non-linearity modelling 
	Factors
	Model

	For phase noise
	Option 1: Phase only
[image: 文本, 信件

AI 生成的内容可能不正确。]

	
	Option 2: Model as Gaussian white noise

	For PA non-linearity
	GMP model (refer to TR 38.803) 

	For IQ imbalance
	Both Phase and magnitude
[image: 文本, 信件

AI 生成的内容可能不正确。]
unified distribution

	Transmitter 
	Model as Gaussian white noise



· Ad-hoc discussion
· Nokia: We have concern to consider 64QAM based our evaluation, no gain observed. 
· Huawei: We have different observations on 64 QAM case. 
· Skyworks: We do some measurement results, there is possibility to achieve gain with balance other aspects.
· Samsung: For 64QAM, we are open to discuss the calibration point for 6G. We shall keep all possible modulation order for initial simulation. 
· MTK: Fine to consider both modulation orders for initial simulation purpose. 
· CATT:  Does UE assume different impairment for different orders?
· Ericsson:  We have similar view as Samsung. We shall consider additional aspects. 
· OPPO: We support the WF. We support to consider both modulation orders. 
· QC: We think more aspects needs to be considered. 
· Apple: How to evaluate SNR in receiver side?
· Ad-hoc agreement
· On performance evaluation metric: Net gain adopted as target metric 
· Net Gain [dB] = (Tx power boosting/gain relative to reference) − (SNR degradation relative to reference at 10% BLER)
· On Tx EVM non-linearity modelling/budget
· For initial evaluation purpose: Take existing NR UL 64QAM, 256QAM Tx EVM budget as starting point with PA non-linearity, phase noise, IQ imbalance and transmitter as major contributor
· Encourage further input on following issues
· Additional aspects which have impact on Tx EVM e.g., DPD, CFR and other aspects from Tx DFE, Tx AFE and whether/how to take them into consideration for simulation for 5G and 6G study
· DoPD performance robustness and [testability] considering UE implementation diversity on Tx nonlinearity especially PA non-linearity  

3.1.2 Sub-topic 3-2 Tx/Rx EVM split assumption 
· Observations:
· Some company observes the assumption of symmetric EVM split between BS and UE does not reflect this implementation reality and overall system performance is determined by the combined EVM of the link (BS EVM + UE EVM).
· Proposals:
· Proposal 1: consider asymmetric EVM split for FR1 where BS Tx/Rx EVM requirements are tightened, and UE Rx/Tx EVM requirements are relaxed 
< FL note: Above proposal can be decoupled with DPoD discussion>
· Recommended WF
· TBD
4 Topic #4: Others
4.1 Open issue list 
Pre-meeting agreement:
	· Agreements 
· Encourage input on
· Massive IoT and SAWless design
· Energy efficiency
· UL coverage
· Possibility to avoid test modes in core requirements and avoiding signaling only for testing purposes
· FR2 study scope
· NTN aspects
· Multi-orbit NTN
· Potential extensions needed on top of TN requirements
· Time and/or frequency compensation 



4.1.1 Sub-topic 4-1 Energy efficiency
· Proposals
· Proposal 1: RAN4 study the following metrics at least for UE related energy efficiency and model for UE related energy efficiency between energy consumption and Throughput.
1) Energy Efficiency (EE, unit bit/J) = Throughput (bps) / Power (Watt) or = 
2) Bits Transmitted per Watt (bit/W) = Energy Efficiency (EE, unit bit/J)  time (s) or = 
3) Energy Efficiency Ratio: e.g., Tx Energy Efficiency Ratio (EER, unit %) = Tx Output Power (PA/antenna connector/OTA, unit Watt) / Total Input Power for Tx chain (unit Watt)
4) Standby Power Consumption VS Operating Power Consumption, but it’s targeted to achieve zero vision, i.e., Zero Bit Zero Watt.
· Recommended WF
· Postpone discussion, tight cooperation with RAN1 on energy efficiency/power consumption model 

4.1.2 Sub-topic 4-2 Testability
· Proposals
· Proposal 1: RAN4 study new UE framework for the missing UE UL performance and the verification of UL features including UE RF related coverage from system perspective or verification of the whole UE RF&BB Tx chains.
· Proposal 2: In 6G, the testing purpose singling should be avoided and when new signaling is introduced it shall be justified that it is useful for BS scheduling.
· Recommended WF
· TBD
4.1.3 Sub-topic 4-3 UL coverage 
· Proposals
· Proposal 1: RAN4 is suggested to be evolved early for LP-WUR design study based on RAN1 signal design 
· Proposal 2: To consider the following aspects for 6GR coverage enhancement in RAN4:
· Large array UL MIMO 
· Coherent UL MIMO
· Low PAPR waveform (FDSS) for high order modulation and CP-OFDM
· MPR improvement
<FL note: UL MIMO is pending other WG progress, low PAPR waveform discussed in 6G system parameter discussion, MPR improvement pending on the discussion for MPR assumption under Tx requirement agenda. LP-WUR design is pending on other WG progress>
· Recommended WF
· Postpone the discussion, check the progress and tight cooperation with other WGs for MIMO, LP-WUR design

4.1.4 Sub-topic 4-4 TN and NTN integration
· Proposals
· Proposal 1: RAN4 further study and identify the commonality and delta between TN and NTN from RAN4 UE RF requirements perspective.
· Recommended WF
· TBD

4.1.5 Sub-topic 4-5 FR2 scope
· Proposals
· Proposal 1: 	The FR2 study scope shall include an FR1-like UE architecture similar to the one for 15 GHz in TR 38.922, characterized by a multi-antenna system with antennas having separate transceiver chains, and where antennas are used collaboratively for achieving spatial multiplexing, spatial diversity, and/or digital beamforming, depending on radio conditions.
· Recommended WF
· TBD

image1.png
_ | zn, |zn| < A
In = Aed4en, |za|> A




image2.png
Yn — T * elon




image3.png
Yn =0 Tp+ Pz




