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1 Introduction
Power domain enhancements was included as one of the enhancements to be studied and specified in the Rel-18 NR coverage enhancement work item approved (revised) in RAN1#96 [1]:
· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· [bookmark: _Hlk159423796]Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

In RAN1#115, work on UE high power limit related aspects was completed and the following conclusion was reached:
	[bookmark: _Hlk151067149]Conclusion
RAN1 concludes all discussions related to enhancements for increasing UE power high limit for CA and DC in Rel-18. No further discussion on any aspect of this enhancement during any future Rel-18 maintenance phase is planned in RAN1, unless further RAN1 discussion is requested by other working groups.


The work on MPR/PAR reduction was considered concluded in RAN1 #114, following an agreement made in RAN #100. 
In this context, RAN1 (and RAN2) received an LS from RAN4 after RAN4 #109 concerning UE capabilities to be added in Rel-18 for the MPR/PAR reduction enhancement (as per RAN4’s design) [2].
Two companies provided their view on this topic. Section 2 of this document summarizes such contributions, as per Tdocs submitted under AI 8.6 and relevant Tdocs submitted to AI 5 for RAN1 #116 [3]-[5].
All related proposals are listed in Appendix A, for reference.
Previous Rel-18 agreements are summarized in Appendix B.
2 Summary of contributions on enhancements for reduce MPR/PAR
Contributions submitted under AI 8.6 discussed possible actions that RAN1 could take in response to [2]. A discussion on such possible actions will be carried out in this section.
Tags [OPEN], [AVAILABLE], [CLOSED] and [PAUSED] will be used to identify the status of the discussion at any moment of the meeting. New sections for specific aspects will be open during the meeting, should discussions for the higher priority aspects progress fast. 

2.1 [CLOSED] Possible RAN1 actions in response to R4-2321960
According to R4-2321960:
	RAN4 agree that capabilities below are to be added in Rel-18:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	[bookmark: _Hlk150960138][powerBoostRel18]
Indicates whether UE supports power boosting for pi/2 BPSK and QPSK without modified spectrum flatness requirement for MPR reduction, when applicable as defined in 6.2 of TS 38.101-1. 
	Per FS
	NO
	NO 
	FR1 only

	[powerBoostTSRel18]
Indicates whether UE supports power boosting for pi/2 BPSK and QPSK with modified spectrum flatness requirement for MPR reduction, when applicable as defined in 6.2 of TS 38.101-1.
	Per FS
	NO
	NO 
	FR1 only



RAN4 agrees to enable/disable the Rel-18 power boosting with RRC signalling and agree to add two separate RRC IEs, [powerBoostPi2BPSKRel18] for BPSK power boosting and [powerBoostQPSKRel18] for QPSK power boosting.
Additionally, RAN4 agrees legacy powerBoostPi2BPSK cannot be configured at the same time as [powerBoostPi2BPSKRel18]



In this context, it is argued in [4] that no further work is needed in RAN1 for behavioral specifications for power domain enhancements. In other words, there is no RAN1 specification impact from the UE capabilities powerBoostRel18 and powerBoostTSRel18. 
It is then argued in [5] that it is unclear if RAN4 intend RAN1 to contribute to the definition of powerBoostRel18 and powerBoostTSRel18. 
It is thus proposed in [4] and [5] to inform RAN4 (and CC: RAN2) that RAN1 do not find any RAN1 specification impact to the UE capabilities powerBoostRel18 and powerBoostTSRel18 and that RAN1 expects RAN4 and RAN2 to develop the specifications for these UE features. This would be achieved through an LS out.
Conversely, [3] argues that while it should be up to RAN2 to define suitable RRC parameters to enable/disable the Rel-18 power boosting, and there’s no need to include them in the RRC parameter list to be sent to RAN2 from RAN1, corresponding UE capabilities of MPR/PAR reduction can be included in RAN1 UE feature list for NR Rel-18.  
FL’s understanding of the situation is that RAN4 has already agreed on the capabilities, hence those can be captured in the RAN4 section of TR38.821 capturing the capabilities. The need for shadow RAN1 capabilities is unclear given that RAN1 specs are not impacted by the functionality. Having said this, even if there was a discussion to be had in RAN1 about such capabilities, this should occur in the suitable session and not in AI 8.6. I believe this is covered by R1-2400230, as pointed out in [3].
The following questions are formulated:

2.1-Q1
Do you think that RAN1 should draft an LS to inform RAN4 (with RAN2 in Cc) that RAN1 do not find any RAN1 specification impact to the UE capabilities powerBoostRel18 and powerBoostTSRel18 and that RAN1 expect RAN4 and RAN2 to develop the specifications for these UE features?
Note: Please provide details to explain your answer.

2.1-Q2 
If the answer to the above is No, does this imply that RAN1 should discuss in this AI about the inclusion of UE capabilities of MPR/PAR reduction in RAN1 UE feature list for NR Rel-18?
Note: Please provide details to explain your answer.

2.1.1.1 Discussion
FL’s recommendation is for companies to add views about 2.1-Q1 and 2.1-Q2. Companies are invited to input their views in the corresponding table below. 
Note: Please remember to provide details to explain your answer.

2.1 - Q1
	Company
	Y/N
	Further comments/details

	Ericsson
	Y
	It is our thinking that the power boosting features are RAN4 RF features, and so our understanding is that RAN4 should work with RAN2 to add them into 38.306 as is done for RAN4 features.
However, given RAN4’s Actions:
To RAN WG1/WG2 group.
ACTION: 	Please take this into account when defining capabilities for Rel-18.
it is unclear to us if it is RAN4’s intention that RAN1 should contribute to the definition of these new features or if RAN4 intend to work with RAN2 to do so.  To ensure that there is no miscommunication and that the features are completely defined by some working group, we propose to reply to RAN4  (CC: RAN2) as FL suggests in the proposal.

	NTT DOCOMO
	Open
	Although we think no LS reply will eventually imply no further work in RAN1, we would be okay with sending LS to RAN4 as suggested by Ericsson. Then we could be more confident with the closure of the discussion. 

	vivo   
	Open
	It would be good that RAN1 concludes whether new UE capabilities should be captured in the UE feature list to be sent to RAN2 given RAN1 is notified on these 2 UE features.
If yes, and LS is not needed.
If no, and LS is needed.
It is preferred to not send the LS and just include the 2 parameters to conclude everything.
For the RRC parameters, RAN2 is already notified by RAN4, no RAN1 discussions are needed.

	QC
	No
	We don’t need an LS if there is no concrete guidance we are providing to RAN4. It doesn’t seem that RAN4 is waiting to hear from us.

	
	
	

	
	
	

	
	
	

	
	
	



2.1 - Q2
	Company
	Y/N
	Further comments/details

	Ericsson
	N
	As discussed for 2.1-Q1, we think this is a RAN4 RF feature, and it should not be discussed in agenda item 8.6, nor in a RAN1 feature agenda item for coverage enhancements (AI 8.12.5 this meeting).

	NTT DOCOMO
	N
	We see no need for RAN1 to further treat this issue. 

	vivo   
	Open
	UE features.
If yes, and LS is not needed.
If no, and LS is needed.
It is preferred to not send the LS and just include the 2 parameters to conclude everything.
For the RRC parameters, RAN2 is already notified by RAN4, no RAN1 discussions are needed.

	QC
	N
	No need for any further discussions in RAN1. RAN4 and RAN2 can work out any open details.

	
	
	

	
	
	

	
	
	

	
	
	



FL’s comments on March 1
Thank you all for your comments. The following agreement was made during the online session on Tuesday, February 27. This discussion is closed.

Agreement
Draft LS R1-2401626 is endorsed in principle.
Agreement
Final LS R1-2401627 is endorsed.


3 Proposals for Online session

5	Agreements during RAN1 #116
Agreement
Draft LS R1-2401626 is endorsed in principle.
Agreement
Final LS R1-2401627 is endorsed.
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Appendix A: Proposals from contributions aggregated by topic
UE capabilities associated to MPR/PAR reduction enhancement
RAN1’s action in response to R4-2321960
	R1-2400222 vivo
Proposal 6:
· Include UE feature group for MPR/PAR reduction in RAN1 UE feature list for NR Rel-18 and it’s up to RAN2 to define the 2 agreed RRC parameters which are not necessary to be included in the RRC parameter list to be sent from RAN1 to RAN2.

R1-2401076 Ericsson
Observation 3
No further work is needed in RAN1 for behavioral specifications for power domain enhancements, although RAN1 should respond to RAN4 to avoid confusion on UE capabilities for MPR reduction, as discussed in [6]




Appendix B: Previous agreements on power domain enhancements


Agreement
The following work split principles will be adopted in RAN1 for power domain enhancement throughout Rel-18 from RAN1 perspective and send LS to RAN4 in this meeting:
· RAN1 performs link level simulations of candidate solutions for power domain enhancements to study at least the SNR variation, PAPR/CM, and EVM, brought by each solution.
· Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
· RAN1 is not expected to perform RF simulations of candidate solutions for power domain enhancements
· Results of RF simulations can be included in RAN1 contributions
· RAN1 will assess RAN1 specification impact of candidate MPR/PAR reduction solutions
· A list of candidate solutions, including necessary parameters, from RAN1 perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
· RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.

 
Conclusion
Sub-PRB transmission is de-prioritized for the study of MPR/PAR reduction solutions in Rel-18.
 
 
Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.
 
 
Agreement
The following design aspects of tone reservation (TR), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Sideband tone reservation size is expressed in integer units of RBs.
· FFS:
· Sideband tone reservation size
· Sideband tone reservation size determination
· Whether PRTs are added only to data or also DMRS symbols


Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.

Agreement
DFT-s-OFDM is the target waveform for the study and, if applicable, the design of MPR/PAR reduction solutions in Rel-18.
Note: No doubt from RAN1 about the offline consensus “Results concerning the application of solutions for DFT-s-OFDM to CP-OFDM can be presented by companies in their contributions”. 

Agreement
For power-domain enhancements targeting MPR/PAR reduction, study the following configurations for DFT-S-OFDM:
       At least pi/2-BPSK and QPSK modulation are considered
o   FFS: other modulations, e.g., 16-QAM
       Any number of RB can be considered
       The starting RB of the allocation can be any RB in the BWP 
o   FFS:
  Whether restrictions on the number of allocated RB or on the starting RB of the allocation are considered.


Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
 
 
Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined

Agreement
For link-level performance evaluation:
· R17 PUSCH DFT-s-OFDM waveform is the baseline for performance comparison
· Transparent schemes (to be reported by companies) can be used as benchmark for the performance assessment
All considered solutions should be configured to operate with same amount of time-frequency resource and a same spectral efficiency, that is:
· Same number of DFT-s-OFDM symbols
· Same TBS
· Same RB allocation
Note: it is understood that minor TBS variations across different waveform configurations can occur and are acceptable.
 
Agreement
For link-level performance evaluation, the performance of the considered MPR/PAR reduction solutions is studied using at least the metrics included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18, for instance, but no limited to, , defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
· FFS whether further definition or refinement of the metrics is needed
Note: metrics other than the ones included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18 can be reported by companies.
 
 
Agreement 
For link-level performance evaluation, companies are encouraged to report configuration details of the following aspects, when applicable:
· Shaping filter used for evaluating frequency domain spectrum shaping w/ and w/o spectrum extension (both the filter used at the transmitter and at the receiver should be reported, if the two filters are assumed to be mismatched).
· PRT generation algorithm used for evaluation tone reservation w/ spectrum extension.
· Design details and configuration of any transparent scheme used as benchmark 
 
Agreement 
For link-level performance evaluation of MPR/PAR reduction solutions involving the use of Tx filter, companies are encouraged to assume a Tx filter which fulfills a set of spectrum flatness requirements, e.g., existing RAN4 spectrum flatness requirements
· FFS whether the set of spectrum flatness requirements shall be the same set of constraints as in the current RAN4 spec or not.
For link-level performance evaluation of MPR/PAR reduction solutions involving the use of spectrum extensions or sideband, companies are encouraged to report whether/how the extended portion of the spectrum is handled by the receiver in the simulations.

[bookmark: _Hlk133243035]Agreement
· At least the following enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC can be considered for study. Enhanced signaling, if necessary and subject to RAN4’s input, to allow: 
· Determination at gNB of power class change at the UE
· Increased awareness at gNB of energy/power availability at the UE, e.g., a budget.
· More informative PHR to be sent from UE to gNB, which may include, e.g., P-MPR related information, power headroom for carrier configured for DL but not UL, power class change indication.
· More effective scheduling decisions in the context of UL CA, e.g., best band combination, preferred carrier for servicing uplink, adaptive load sharing across sharing, 
· Other options are not precluded.

Agreement
For RAN1 link-level performance evaluation of MPR/PAR reduction solutions involving the use of Tx spectrum shaping filter, companies are encouraged to use at least the following spectrum shaping filter configuration for calibration purpose:
· 2-tap, e.g., (1 0.28), 3-tap, e.g., (0.335 1 0.335), and (0.28 1 0.28) 
· Truncated RRC (0.5, 0.1667)  
There is no restriction to use other spectrum shaping filter coefficients in simulations, e.g., [1 0.28]. 
Note: the above does not have spec impact.

Agreement
The following non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation w/ spectrum extension
In addition, transparent schemes, for instance but not limited to frequency domain spectrum shaping w/o spectrum extension or schemes based on clipping and filtering, are also being evaluated to serve as a benchmark to assess the benefits of non-transparent solutions. Companies are allowed to use any transparent transmission scheme of their choice.

Agreement
At least the symmetric spectrum extension option for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18.

Conclusion 
It is RAN1 understanding that:
· Performance comparison based on net gain results combining transmitter and receiver performance is performed by RAN4.
· No final decision would be taken by RAN1 on which MPR/PAR reduction solution, will be specified in Rel-18, if any, since this is RAN4’s responsibility.
· It does not preclude RAN1 specification impact


Agreement
For the study of the PAPR/CM of DMRS when considering tone reservation as candidate enhancement for MPR/PAR reduction in Rel-18, RAN1 to consider at least the case that PRTs are added to the DMRS symbols (in the sideband). The case of PRTs not added to DMRS symbols can be used as a benchmark.

Agreement
The LS out RAN1 aims at drafting before the end of RAN1 #111 should include at least the following three parts:
1. List of candidate non-transparent and an initial list of transparent (if any) schemes considered for study by RAN1
1. Schemes-specific parameterization used by RAN1 for evaluation, e.g., spectrum extension factor and cyclic shift (if applicable), sideband size, filter assumptions (if any), channel model and so on.
1. Further parameterizations for used in RAN1 evaluations, e.g., carrier frequency, channel model and so on.

Agreement
The following baseline parameterization is used for link-level performance evaluation of MPR-PAR reduction solutions in RAN1 for Rel-18. 
	Channel 
	PUSCH, 14 symbols 

	Carrier frequency and scenario
	4GHz (Urban), 
28GHz (Urban)
700MHz (Rural),

	Channel BW
	100MHz for Urban
20MHz for Rural,

	SCS
	30 kHz (4GHz), 
120 kHz (28GHz)
15 kHz (700 MHz), 

	Channel model
	TDL-C 300ns for FR1 Urban (4GHz), 
TDL-A 30ns for FR2 Urban (28GHz), 
TDL-D 30ns for Rural

	UE speed
	3km/h

	Waveform
	According to agreements

	Modulation
	According to agreements

	Number of Tx antennas
	1, Optional: 2 

	Number of Rx antennas
	4 for FR1 Urban, 
2 for FR2,
2 or 4 for FR1 Rural, 

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	HARQ configuration
	No retransmissions

	Frequency hopping
	Disabled

	Number of PRBs
	Reported by companies

	MCS
	Chosen as a function of the number of PRBs to guarantee same spectral efficiency between MPR/PAR reduction solutions and baseline/benchmarks as per agreements

	Extension factor [FDSS-SE] / sideband size [TR] (α)
	[1/8, 1/4, 3/8] is encouraged. 

	BLER
	10%


For any parameter that is not listed in the table, companies are encouraged to consider corresponding value from TR 38.830 (or TR 38.868, if the parameter is absent in TR 38.830) and report the parameter with the results.
Notes: 
· Other configurations and scenarios can be studied, and corresponding results can be reported.
· RAN1 to inform RAN4 about the content of the table.
· This table can be updated in future meetings, especially if alignment with assumptions and parameterization in RAN4 is needed


Agreement
Study the PAPR/CM[/OBO] of DMRS with FDSS-SE, e.g., the following solutions:
· Option 1 - Based on low PAPR Type 1 DMRS sequence:
· 1-a:  A DMRS sequence is generated considering the number of PRBs in the inband + extension. The sequence length depends on the number of PRBs in the inband + extension.
· 1-b A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. The sequence is then cyclically extended to span the PRBs in the extension.
· 1-c A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. DMRS extension is applied similar to data to span the PRBs in the extension.
· Option 2 - Based on low PAPR type 2 DMRS sequence
· Variances like those of Option 1 can be referred
· Option 3 – For in-band DMRS lengths 6/12/18/24 symbols, DMRS sequence is obtained by DFT transformation of low PAPR sequence type 1. Then the sequence is extended to span the PRBs in the extension in the same way as data extension.
Note: Other solutions can be studied. Comparison with the three solutions above is encouraged. Sequence with different density between in-band and extension can be studied

Working Assumption
· The following set of configurations is for companies’ consideration for the calibration of the link performance of MPR/PAR reduction techniques.
	 
	No spectrum extension
	With spectrum extension

	TBS value
	Tput estimation for DDDSU @4GHz
	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor

	2408
	963.2 kbps
	16
	7
	14
	16
	8
	1/8 

	5376
	~2.15 Mbps
	32
	8
	28
	32
	9
	1/8 

	272
	108.8 kbps
	8
	0
	6
	8
	1
	¼

	1032
	412.8 kbps
	8
	6
	6
	8
	8
	¼

	2152
	~0.9 Mbps
	40
	2
	30
	40
	3
	¼

	4992
	~2.0 Mbps
	40
	6
	30
	40
	8
	¼

	552
	220.8 kbps
	16
	0
	10
	16
	2
	3/8

	1736
	694.6 kbps
	32
	2
	20
	32
	4
	3/8

	[432
	172.8 kbps
	8
	2
	6
	8
	3
	¼]

	[808
	323.2 kbps
	24
	0
	18
	24
	1
	¼]


· The values above serve as a common basis, but any other configuration and result reported by companies will be considered for any input related to LLS that RAN1 may provide to RAN4. 
· Results of the simulations of MPR/PAR reduction solutions which companies may report in contributions to RAN1 #112 should be reported using the template in R1-2212918.
· Note: At least 10% BLER SNR is reported

Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.

Agreement
If FDSS-SE is supported in Rel-18, RAN1 to further study the following approaches for DMRS, when the DMRS sequence length before extension of the sequence, if any, is larger than or equal to 30: 
· Approach A – the DMRS sequence is extended: A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. Two sequence types can be considered:
· A.1: The sequence is a Type 1 DMRS sequence.
· A.2: The sequence is a Type 2 DMRS sequence. 
FFS: how the sequence is extended.
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on type 1 or type 2 DMRS sequence is generated considering the number of PRBs in the inband + extension. The sequence length depends on the number of PRBs in the inband + extension.
Note: if type 2 is used then both the number of PRBs in the inband and the number of PRBs in the inband+extension must be valid DFT sizes as per NR specification
Performance metrics considered for the study are PAPR, CM[, and OBO] for DMRS and 10% BLER SNR for data (to measure channel estimation accuracy).

Agreement
If FDSS-SE is supported in Rel-18, and RB allocations resulting in DMRS sequence length smaller than 30 before extension of the sequence, if any, are supported, RAN1 to study at least the following approaches: 
· Approach A – the DMRS sequence is extended: A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. Two sequence types can be considered:
· A.1: The sequence is obtained by DFT transformation of an existing DMRS sequence, e.g., Type 1 DMRS sequence. 
· A.2: The sequence is a Type 1 or Type 2 DMRS sequence.
   FFS: how the sequence is extended. 
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on type 1 or type 2 DMRS sequence is generated considering the number of PRBs in the inband + extension. The sequence length depends on the number of PRBs in the inband + extension.
Note: if type 2 is used then both the number of PRBs in the inband and the number of PRBs in the inband+extension must be valid DFT sizes as per NR specification
Note:    Other sequences are not precluded for Approach A and Approach B.
Performance metrics considered for the study are PAPR, CM [, and OBO] for DMRS and 10% BLER SNR for data (to measure channel estimation accuracy).

Agreement
Include in the LS to RAN4 for reporting LLS results
Note: The excel file is used to collect the results.

Working Assumption
The following set of configurations is for companies’ consideration for the comparison of the performance of DMRS with FDSS-SE.

	No spectrum extension
	With spectrum extension

	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor

	8
	0 
[only QPSK]
	6
	8
	1 
[only QPSK]
	¼

	8
	6
	6
	8
	8
	¼

	40
	2
	30
	40
	3
	¼

	40
	6
	30
	40
	8
	¼

	
	
	
	
	
	

	[6
	3
	4
	6
	5
	1/3]

	[36
	7
	32
	36
	8
	1/9]


· FR1 4GHz Urban scenario is prioritized.

· The following filters are for companies’ consideration for the calibration of the performance of DMRS with FDSS-SE
·  3-tap (0.28 1 0.28) 
· [Truncated RRC (0.5, 0.1667) or 2-tap (1 0.28)]  
· Note1: Considered metrics are PAPR/CM, 10% BLER SNR of data for the considered DMRS configuration (for measuring impact of channel estimation accuracy)[, and OBO]
· Note2: companies are encouraged to consider a receiver which at least makes use of the extension for the decoding (e.g., MRC)
· Note3: The values above serve as a common basis, but any other configuration can be studied by companies. 


Agreement
The Draft LS R1-2302080 is endorsed in principle.
Agreement
The Final LS R1-2302081 is endorsed.

Agreement
· If FDSS-SE is supported in Rel-18, DMRS are mapped on PRBs of both inband and extension and gNB can assume that they are filtered using the same Tx shaping filter as data.
· FFS: whether and which optimizations to Rel-15 and/or Rel-16 DMRS, including sequence extension and/or mapping, to be used with FDSS-SE, are needed.
· Note: whether this will have RAN1 specification impact (if any) is a separate discussion and subject to RAN4’s conclusion to support FDSS-SE as one MPR/PAR reduction solution for Rel-18 (if any).
 
Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability
Note: Discussion is still ongoing, and its full current content can be found in Section 2.1.2 of R1-2303924.

Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.

Agreement
If FDSS-SE is supported in Rel-18, for the case of DMRS sequence length before extension of the sequence, if any, larger than or equal to 30, legacy DMRS sequences are used with FDSS-SE.
RAN1 to down-select in RAN1 #114 only one of the following alternatives: 
· Alternative A:
· Sequence length determination is based on the number of PRBs in the total allocation
· Legacy mapping procedure is used over the total allocation
· Alternative B:
· Sequence length determination is based on the number of PRBs in the inband.
· The sequence is cyclically extended to span the number of PRBs in the total allocation.
· FFS: whether the mapping of the DMRS sequence to the REs start from the first PRB of the total allocation or from the first PRB of the inband.
· Alternative C 
· Sequence length determination is based on the number of PRBs in the inband.
· Mapping and extension of the DMRS sequence is performed like for data.
FFS: the case of DMRS sequence length before extension of the sequence, if any, smaller than 30.
FFS: whether this applies to Low-PAPR Type 2 DMRS
Note: down-selection should be based at least on OBO evaluations, as well as delta(SNR). Other metrics, e.g., PAPR and CM, can also be considered.

Working Assumption
If FDSS-SE is supported in Rel-18:
· transport block size is calculated using the number of PRBs in the inband.
· The number of PRBs used to determine the DFT size for transform precoding is the number of PRBs in the inband.
FFS: how the number of PRBs/subcarriers in the inband is determined by the UE, i.e., details about FDRA indication

Agreement
· If FDSS-SE is supported in Rel-18, RAN1 to down-select in RAN1 #114 only one of the following options for spectrum extension configuration:
· Option 1: Spectrum extension is [configured/indicated/determined] using an extension factor. One or more extension factors are supported
· Option 2: Spectrum extension is [configured/indicated/determined] using an even number of PRBs. One or more candidate number of PRBs is supported
· FFS: details.
· Note: whether this has impact on DCI or not or has further specification impact or not is a separate discussion and is also subject to RAN4’s conclusion to support FDSS-SE in Rel-18.

Agreement
· If FDSS-SE is supported in Rel-18:
· The number of resource blocks used to determine the PUSCH transmission power is the number of PRBs in the total allocation
· FFS: how the number of PRBs/sub-carriers in the inband and total allocation is determined by the UE, i.e., details about FDRA indication

Working Assumption
· If FDSS-SE is supported in Rel-18:
· For PT-RS symbol mapping, the index m of PT-RS samples in OFDM symbol l prior to transform precoding is a function of the number of sub-carriers in the inband.
· FFS: how the number of PRBs/sub-carriers in the inband and total allocation is determined by the UE, i.e., details about FDRA indication

Conclusion
No further discussion related to enhancements for reducing MPR/PAR objective in RAN1 in Rel-18.
 
Agreement
Draft LS R1-2308560 is endorsed in principle by removing Q5.
Agreement
Final LS R1-2308561 is endorsed.

Conclusion
No RAN1 specification impact to realize the inclusion of ΔPPowerClass in a report to network.
RAN1 further discuss potential RAN1 impact concerning support for uplink full power MIMO transmission dependency on ΔPPowerClass report.

Agreement
RAN1 to send a response LS to RAN4 taking the following conclusion as a starting point:
	Conclusion:
No RAN1 specification impact to realize the inclusion of ΔPPowerClass in a report to network.
RAN1 further discuss potential RAN1 impact concerning support for uplink full power MIMO transmission dependency on ΔPPowerClass report.



Conclusion
For potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting, continue to discuss the following:
· Potential modifications to the scale factor ‘s’ in 38.213 subclause 7.1 to depend on ΔPPowerClass.
· Modifications related to TPMI e.g., modifications to avoid erroneous TPMI configuration and modifications to the TPMI table description
· Potential impact of ΔPPowerClass  on maximal number of layers in MIMO

Agreement
Draft LS R1-2310489 is endorsed in principle.
Agreement
Final LS R1-2310518 is endorsed.

Conclusion
RAN1 concludes all discussions related to enhancements for increasing UE power high limit for CA and DC in Rel-18. No further discussion on any aspect of this enhancement during any future Rel-18 maintenance phase is planned in RAN1, unless further RAN1 discussion is requested by other working groups.
