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Recommendations from feature lead

Encourage all companies to apply this guidance in future contributions
· Apply the same order of topics as topic summary in R4-2514509
1) Single carrier output power
2) CA output power
3) Tx requirements
4) Rx requirements
5) Frequency range between FR1 and FR2-1
6) Spectrum aggregation
7) Joint UE and BS RF
8) Others

· Avoid proposals written as: “adopt alternative 1”, where definition of alternative 1 is nowhere near your proposal in the Tdoc: your proposal is at higher risk of being misrepresented in the summary if it is not clear and self-contained.

· Aim towards actionable proposals: “Discuss topic X” is an understandable proposal in the first meeting of the study but more clarity is always appreciated: what it is related to topic X you want to discuss? Could it be “discuss if requirement Y is needed for topic X” or “discuss if approach A is better suited than approach B for topic X”.

· Aim to spell out abbreviations at least once: we are working on new technology, and some abbreviations/acronyms may not be familiar to all 3GPP participants.




Topic #1: Single carrier output power requirements
· Agreements for power class
· Further study power class step size. Encourage further inputs considering e.g.
· Benefits/drawbacks of potential finer granularity between power classes
· Granularity for MPR/A-MPR requirement definition
· Refsens requirement impact
· Potential regulatory restrictions
· Flexibility for implementation
· Further study power class for multi-TX case (TxD, UL-MIMO)
· Consider benefits and drawbacks for 
· Defining power class to be agnostic of number of Tx chains and/or PAs
· Considering that each chain should be able to reach maximum output power
· Consider impact of transparent vs. non-transparent TxD
· Further study how to enable fully utilizing PA capabilities considering e.g.
· Relaxation in upper tolerance without sacrificing output power accuracy
· Power boosting
· Further study need for default power class and default power class values considering e.g.
· Network UL coverage / UL link budget at different frequencies
· Impact on refsens definition for FDD bands
· Potential regulatory output power restrictions
· Agreements for configured maximum output power
· Further study SAR solution considering
· P-MPR as baseline below 6 GHz
· Whether/how SAR or MPE applies at higher than 6GHz and applicable solutions 
· Achieving more clarity on UE output power 
· Further study potential UL duty cycle requirement to optimize component size/cost considering
· Use cases and deployment scenarios as well as network needs
· Further review the 5G configured Tx power equation parameters considering at least the following
· ∆TC,c : can it be removed, considering also new wider CBW
· ∆TRxSRS: should it be separated from general Pcmax equation as it only addresses SRS transmission
· ∆Tib: can the requirement be removed and accommodated to per band power capability
· ΔPPowerClass: Is it still needed in some cases even if not associated with SAR

Topic #2: Power class framework for CA

· Agreements
· Strive to improve clarity on UE power ability under different UE condition (e.g. configured, activated, scheduled) in all output power requirements
· Study how to maximize the UL transmission power capability for CA considering e.g.
· feasibility of maintaining the ‘single carrier’ UE output power capability of a ‘primary’ or ‘anchor’ carrier at configuration/activation of the spectrum aggregation scheme
· single active/configured UL carrier within a DL multi-carrier bandwidth should not increase allowed UE power reduction compared to single carrier
· Whether CA power class it still needed for inter-band CA or power class per band is sufficient
· Identify if any there is any motivation from RAN4 perspective to limit total output power and whether this needs to be communicated to RAN1.
· Prioritize discussion for single carrier in RAN4#118
Topic #3: Tx requirements

· Agreements
· Further study possibility for relaxation and applicable measurement bandwidth for 1st MHz of SEM
· Consider different CBW
· Encourage input on SEM regulation
· Further study Tx requirements and impairment assumptions and requirements considering
· LO is placed in the middle of the frequency span used for deriving requirements
· FFS whether the frequency span is e.g. channel bandwith or UL scheduling range
· Whether to consider APT and/or ET PA
· Encourage input on how APT/ET PA models behave compared to fixed bias PA
· Consider how different models impact margins in MPR/A-MPR
· Consider applicable dynamic range for each model
· Encourage inputs on improvements on MPR requirement framework as well as MPR/A-MPR evaluation process improvements


Topic #4: Rx requirements

· Agreements
· Further study reference sensitivity including NF for different bands and/or frequency sub-ranges considering at least
· Whether NF and implementation margin can be reduced taking into account implementation complexity
· Encourage companies to provide numerical evaluations
· Consider impact on other Rx requirements which have been defined relative to reference sensitivity
· Study alternatives of determining UL RB allocation size and position for FDD bands considering at least following options
· 1) UL allocation is set so that Tx noise is substantially below Rx noise floor
· 2) Evaluation of component performance and Tx noise in both main and diversity receivers with the aim to define practical ways to define UL allocation
· For both options
· Consider impact to RSD for different power classes
· Consider that REFSENS should meaningfully test UEs minimum performance
· Further study whether ACS, blocking and wideband intermodulation test parameters can be more unified below 2700 MHz and above 3300 MHz and whether there is a need to define narrowband blocking requirement.
· Further study how to define meaningful and useful MSD requirements with the target of having them widely available 6G day1 considering also usefulness for infra and operators. Further study possibilities to simplify MSD framework considering e.g.
· Using 5G requirements as baseline
· Simplifying minimum requirement organization using frequency grouping and impairment orders
· Postpone OTA measurement discussion until there is more clarity in baseline MSD requirements
· Further study benefits and usefulness of MSD reporting schemes as an addition to MSD minimum requirements
· Encourage further input from infra and operators on what kind of reporting could be useful and potentially taken into account in scheduling, e.g. reporting MSD separately when UE is transmitting and not transmitting

Topic #5: Frequency range between FR1 and FR2-1
· Agreements
· Study for around 7 GHz and around 15 GHz
· Whether both 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








Topic #6: Spectrum aggregation

· Agreements
· Encourage inputs from operators 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
· RF requirements for non-contiguous RB allocations
· BW class B
· Discuss the single wide carrier vs. intraband CA initially in system parameter thread, especially when it comes to defining the maximum channel bandwidth

### for further discussion during coffee break
Issue 6-1-4: Switch-time performance 
Summary of 5G from R4-2520093
	Scenarios
	Values
	The RF components which may affect the RF switch-time performance

	UL and DL switching in the same LTE TDD carrier
	20us
	1. The switch component in main path between PA/LNA and bands filter.
1. PA on-off time.

	UL and DL switching in the same NR TDD carrier
	10us
	1. The switch component in main path between PA/LNA and bands filter.
1. PA on-off time.

	UL and UL switching between different NR bands/carriers.
	0us
	Two Tx chains were considered as mandatory UE capability. One Tx chain can be switched to the other Tx chain which have been prepared.

	 
	35us
	One Tx chain is shared between two different UL bands/carriers.
Power supply for PA need to be switched without much LO retuning time due to close carrier frequency between two carriers.

	 
	140us
	One Tx chain is shared between two different UL bands/carriers.
Longer enough time to retune the LO between two different UL bands/carriers.

	 
	210us
	One Tx chain is shared between two different UL bands/carriers.
Some BB parameters should be reconfigured between two different UL bands/carriers.

	Sub1GHz switching between FDD and SDL.
	35us
	ASM switching + Antenna retuning??
The LO is not shared.

	 
	70us
	There is no technical discussion on this value.

	 
	140us
	ASM switching + Antenna retuning + LO retuning
Rx chain below LNA including LO is shared between FDD DL band and SDL band.



1. Proposals
8. Proposal 1: Re-evaluation of switching period lengths to match modern RF chip technology
0. Proposal 1a: Merge PA on-off time into the UL Tx switching time
0. Proposal 1b: Use [140us, 210us] for switching including LO re-tuning
8. Proposal 2: Postpone the discussion on RF switch-time performance until which kind of switching features are ready in 6G day1.
8. Proposal 3: Strive to clarify the scope or “RF switch-time” to have more focused studies from the companies
8. Proposal 4: Use 5G-A Tx switching requirements as baseline for 6G.
8. Proposal 5: RAN4 shall aim for unified framework covering all three switching methods (UL switching, DL switching, UL-DL switching
1. Recommended WF
9. It is clear that UL-DL switching in TDD carrier will be needed. There are proposals in this meeting e.g. for single switched UL to replace non-contiguous UL CA and LB switching like scheme to avoid MSD.
9. Aim to identify relevant switching scenarios during the meeting, further study if switching time for those scenarios can be improved compared to 5G

Issue 6-1-5: Simultaneous Tx-Rx 

1. Proposals
10. Proposal 1: the following common UE capabilities should be mandatorily supported in 6GR from RF’s perspective:
0. To support concurrent operation between one UL band below 2.2GHz and one DL band above 3.3GHz.
0. To support concurrent operation between one DL band below 2.2GHz and one DL band above 3.3GHz.
10. Proposal 2: Mandatory simultaneous Rx/Tx except for Rx and Tx bands with:
1. Frequency range overlap, frequency adjacency, or close frequency proximity where no feasible filter is available to provide sufficient isolation between Rx and Tx
10. Proposal 3: Study which combinations should be specified for simultaneous TX/RX, and study how to capture support of simultaneous TX/RX in the specifications in consistent manner
1. Recommended WF
11. TBA

Issue 6-1-6: Interruptions 
1. Proposals
12. Proposal 1: Re-evaluate the need for DL interruptions considering modern RF chip technology
12. Proposal 2: RAN4 (RRM/RF) to further study the possibility of reducing the interruption time including the RF retuning time for different UE procedures.
1. Recommended WF
13. Further study need and duration for DL interruptions
13. Further discuss whether to cover the topic in UE RF or RRM thread





Topic #7: Joint UE and BS RF 

· 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 low, mid 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.
· Example bands as n41, n77/n78
· PC3 with 1Tx, PC2 with both 1Tx and 2Tx
· 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

Topic #8: Others 
· Agreements 
· Encourage input on
· Massive IoT and SAWless design
· Energy efficiency
· 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 to TN requirements
· Time and/or frequency compensation 
