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9.14 Further NR coverage enhancements
Please refer to RP-221858 for detailed scope of the WI on further NR coverage enhancements. 
R1-2208783
Work plan for Rel-18 WI on Further NR coverage enhancements
China Telecom

9.14.1
PRACH coverage enhancements
[110bis-e-R18-Coverage-01] Email discussion on PRACH coverage enhancement by October 19 – Nanxi (China Telecom)

· Check points: October 14, October 19

Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.

· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.

· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.

Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.

· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.

· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.

· FFS: RA-RNTI.

R1-2210660
FL Summary#4 of PRACH coverage enhancements
Moderator (China Telecom)
R1-2210554
FL Summary#3 of PRACH coverage enhancements
Moderator (China Telecom)
R1-2210318
FL Summary#1 of PRACH coverage enhancements
Moderator (China Telecom)
R1-2208411
Discussion on PRACH coverage enhancements
Huawei, HiSilicon

R1-2208488
Discussion on PRACH coverage enhancements
ZTE

R1-2208575
Discussion on PRACH coverage enhancements
Spreadtrum Communications

R1-2208671
Discussions on PRACH coverage enhancements
vivo

R1-2208784
Discussion on PRACH coverage enhancement
China Telecom

R1-2208846
PRACH coverage enhancements
OPPO

R1-2208963
PRACH coverage enhancements
CATT

R1-2209001
PRACH coverage enhancements
TCL Communication Ltd.

R1-2209025
Discussion on PRACH Coverage Enhancement
Fujitsu

R1-2209078
Discussions on PRACH coverage enhancement
Intel Corporation

R1-2209116
PRACH Coverage Enhancement using Multi PRACH Transmissions
Sony

R1-2209130
Discussion on PRACH coverage enhancements
Panasonic

R1-2209159
Discussion on PRACH coverage enhancement
NEC

R1-2209223
PRACH coverage enhancements
Lenovo

R1-2209249
Discussion on solutions for NR PRACH coverage enhancement
Mavenir

R1-2209272
Discussion on PRACH coverage enhancements
xiaomi

R1-2209363
Discussion on PRACH coverage enhancements
CMCC

R1-2209412
PRACH coverage enhancements
ETRI

R1-2209415
Discussion on triggering multiple PRACH transmissions
FGI

R1-2209521
Enhancements for PRACH coverage
MediaTek Inc.

R1-2209608
Discussion on PRACH coverage enhancement
Apple

R1-2209661
Discussion on PRACH repetition
InterDigital, Inc.

R1-2209672
Discussion on PRACH coverage enhancement
Ericsson

R1-2209759
PRACH coverage enhancements
Samsung

R1-2209788
Views on multiple PRACH transmission for coverage enhancement
Sharp

R1-2209803
Discussion on PRACH repeated transmission for NR coverage enhancement
LG Electronics

R1-2209925
Discussion on PRACH coverage enhancements
NTT DOCOMO, INC.

R1-2210013
PRACH Coverage Enhancements
Qualcomm Incorporated

R1-2210165
PRACH coverage enhancements
Nokia, Nokia Shanghai Bell

9.14.2
Power domain enhancements
[110bis-e-R18-Coverage-02] Email discussion on power domain enhancements by October 19 – Marco (Nokia)

· Check points: October 14, October 19

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.

Agreement

Draft LS R1-2210563 is endorsed in principle with modifying RAN2 to RAN4 in the Actions (‘RAN2’ should be ‘RAN4’ in “ACTION: RAN1 respectfully requests RAN2 to take the above into account in their future work.”)

Agreement

Final LS R1-2210674 is endorsed.
 
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

Draft LS R1-2210673 is endorsed in principle.
Agreement

Final LS R1-2210739 is endorsed.
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
· 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 

· 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, [image: image1.png]ASNR



, 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.

R1-2210326
Final FL summary of power domain enhancements (AI 9.14.2)      Moderator (Nokia, Nokia Shanghai Bell)

R1-2210325
FL summary #4 of power domain enhancements
Moderator (Nokia, Nokia Shanghai Bell)
R1-2210324
FL summary #3 of power domain enhancements
Moderator (Nokia, Nokia Shanghai Bell)
R1-2210323
FL summary #2 of power domain enhancements
Moderator (Nokia, Nokia Shanghai Bell)
R1-2208412
Discussion on coverage enhancement in power domain
Huawei, HiSilicon

R1-2208489
Discussion on power domain enhancements
ZTE

R1-2208576
Discussion on power domain enhancements
Spreadtrum Communications

R1-2208672
Discussions on power domain enhancements
vivo

R1-2208847
The study of power domain enhancements
OPPO

R1-2208964
Discussion on power domain enhancements
CATT

R1-2209026
Discussion on power domain enhancements for CA/DC
Fujitsu

R1-2209079
Discussions on power domain enhancement
Intel Corporation

R1-2209224
Power domain enhancements
Lenovo

R1-2209364
Discussion on power domain enhancements
CMCC

R1-2209522
Discussion on power-domain enhancements
MediaTek Inc.

R1-2209609
Discussion on power domain coverage enhancement
Apple

R1-2209662
Uplink power enhancements
InterDigital, Inc.

R1-2209673
Power Domain Enhancement Evaluation Methodology and Schemes
Ericsson

R1-2209760
Power domain enhancements
Samsung

R1-2209789
Power domain enhancements for Rel-18 CovEnh
Sharp

R1-2209926
Discussion on power domain enhancements
NTT DOCOMO, INC.

R1-2210014
Power-domain enhancements
Qualcomm Incorporated

R1-2210166
RAN1 impacts for power domain enhancements
Nokia, Nokia Shanghai Bell
9.14.3
Dynamic switching between DFT-S-OFDM and CP-OFDM
[110bis-e-R18-Coverage-03] Email discussion on dynamic switching between DFT-S-OFDM and CP-OFDM by October 19 – Paul (IDC)

· Check points: October 14, October 19

Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.
Working Assumption
Support at least one of the following options for the dynamic waveform indication in R18:

Alt 1: Indication from an UL scheduling DCI

· Alt 1-A: New field in scheduling DCI

· Alt 1-B: Reuse existing field in scheduling DCI

· Alt 1-B-1: Explicit indication by repurposing field, e.g.

· Add one column to TDRA table

· Add one column to MCS table(s)

· Other solutions not precluded

· Alt 1-B-2: Implicit determination from condition(s) on scheduling information, e.g.

· RA type, MSB of RA

· Number of RBs (below threshold or multiple of 2,3,5)

· Location of RB allocation within carrier and the associated MPR

· MCS below threshold

· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data

· Precoding information and number of layers

· SRI

· Condition over multiple types of scheduling information

· Other types of scheduling information not precluded

· Indicated waveform applies at least to the scheduled PUSCH transmission

· FFS: Whether it also applies to subsequent transmissions, and of which type

· FFS: DCI formats can contain the indication 
· FFS: Indication applies only if condition(s) are satisfied (e.g. PDCCH occasion, /RNTI, /Search space of the scheduling DCI, latest PHR reported by the UE, etc.)

Alt 2: Indication from a non-UL scheduling DCI

· FFS: DCI formats that can provide the indication (e.g. Downlink DCI, UE-group common DCI)

· FFS: Types of subsequent transmissions to which indication is applicable

Agreement 

To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:

· Reporting power headroom related information 
· Other solutions are not precluded

R1-2210433
Summary #3 on dynamic switching between DFT-S-OFDM and CP-OFDM
Moderator (InterDigital, Inc.)
R1-2210432
Summary #2 on dynamic switching between DFT-S-OFDM and CP-OFDM
Moderator (InterDigital, Inc.)
R1-2208413
Discussion on dynamic waveform switching for coverage enhancement
Huawei, HiSilicon

R1-2208490
Discussion on dynamic waveform switching
ZTE

R1-2208577
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
Spreadtrum Communications

R1-2208673
Discussions on dynamic switching between DFT-S-OFDM and CP-OFDM
vivo

R1-2208785
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
China Telecom

R1-2208848
Supporting of dynamic switching between DFT-S-OFDM and CP-OFDM
OPPO

R1-2208965
Dynamic switching between DFT-S-OFDM and CP-OFDM
CATT

R1-2209080
Dynamic switching between DFT-S-OFDM and CP-OFDM waveform
Intel Corporation

R1-2209117
Considerations on dynamic waveform switching for NR UL
Sony

R1-2209160
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
NEC

R1-2209162
Discussion on dynamic waveform switching
Panasonic

R1-2209205
Dynamic switching between DFT-S-OFDM and CP-OFDM
InterDigital, Inc.

R1-2209225
Discussion on dynamic switching between DFT-s-OFDM and CP-OFDM
Lenovo

R1-2209248
Discussion on solutions for NR dynamic switching between DFT-S-OFDM and CP-OFDM


Mavenir

R1-2209273
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
xiaomi

R1-2209365
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
CMCC

R1-2209413
Dynamic switching between DFT-S-OFDM and CP-OFDM
ETRI

R1-2209433
Discussion on Dynamic switching between DFT-s-OFDM and CP-OFDM
Fujitsu Limited

R1-2209523
Discussion on dynamic switching between waveforms
MediaTek Inc.

R1-2209610
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
Apple

R1-2209674
Discussion on Dynamic UL Waveform Switching
Ericsson

R1-2209761
Dynamic switching between DFT-S-OFDM and CP-OFDM
Samsung

R1-2209790
Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 CovEnh
Sharp

R1-2209804
Discussion on dynamic waveform switching for NR coverage enhancement
LG Electronics

R1-2209927
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
NTT DOCOMO, INC.

R1-2210015
Dynamic switching between DFT-S-OFDM and CP-OFDM
Qualcomm Incorporated

R1-2210115
Discussion on Dynamic switching between DFT-S-OFDM and CP-OFDM
CEWiT

R1-2210167
Dynamic switching between DFT-s-OFDM and CP-OFDM
Nokia, Nokia Shanghai Bell
