3GPP TSG RAN WG1 #112


R1-23xxxxx



Athens, Greece, February 27th – March 3rd, 2023
Title:
Session notes for 9.14 (Further NR coverage enhancements)

Source:
Ad-hoc Chair (CMCC)

9.14 Further NR coverage enhancements
Please refer to RP-221858 for detailed scope of the WI on further NR coverage enhancements. 
[112-R18-CovEnh] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc – Nanxi (China Telecom)
9.14.1
PRACH coverage enhancements
Agreement

For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.

· FFS: details

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.

· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.

· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Conclusion

For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).
Agreement

For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.

Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.

· FFS: the start position of the RAR window.

· FFS: RA-RNTI.
Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.

Note 1: All ROs in one RO group is associated with the same SSB(s).

Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.

Note 3: whether/how to define “RO group” in specification will be discussed separately
Note 4: Valid RO(s) refers to what is defined in existing specification
FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.

FFS: the time span of RO group.

FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.

FFS: other details
Agreement

Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.

Note: It is summarized by FL that for the same number of PRACH transmissions per source, 

· 1 source [Ericsson] shows that: Multiple PRACH transmitted by beam sweeping, where a UE has no prior knowledge of channel and sweeps Tx beams across 360 degrees horizontally and 180 degrees vertically, outperforms multiple PRACH transmissions with the same Tx wide beam (omni direction) by at least 1 dB, provided gNB configures only one SSB and receives PRACH with a wide beam.

· 3 sources [ZTE, Nokia, vivo] show that: A gain from about 1~3 dB of beam sweeping is observed if a UE is able to direct at least one of its Tx beams in the right direction or to narrow down the azimuth and/or zenith range of 360 degrees and/or 180 degrees for beam sweeping compared with multiple PRACH transmissions with the same Tx wide beam.
· 1 source [Huawei] shows that: compared to the same wide beam for multiple PRACH transmission, if different Tx beams are finer beams, then 3.9~5 dB gains are observed assuming that only one PRACH occasion with the best detected SINR is selected at the gNB reception, where the beam gain of fine beam is 4 times that of wide beam.

· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams far apart is 3 dB worse than PRACH repetition with single best beam

· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams in the directions close to the best Tx beam is 1dB worse than PRACH repetition with single best beam.

· 1 source [vivo] shows that: PRACH repetition via random beam directions performs 1 dB worse than PRACH repetition with omni beam.
R1-2301850
FL Summary#1 on PRACH coverage enhancements
Moderator (China Telecom)
R1-2301849
FL Summary#1 on PRACH coverage enhancements
Moderator (China Telecom)
R1-2301848
FL Summary#1 on PRACH coverage enhancements
Moderator (China Telecom)
R1-2300089
Discussion on PRACH coverage enhancements
Huawei, HiSilicon

R1-2300244
Discussion on PRACH coverage enhancements
Spreadtrum Communications

R1-2300276
PRACH coverage enhancements
OPPO

R1-2300344
Discussion on PRACH coverage enhancements
ZTE

R1-2300479
Discussions on PRACH coverage enhancements
vivo

R1-2300495
Discussion on Resource Allocation for Multiple PRACH Transmission
FGI

R1-2300561
Discussion on PRACH coverage enhancements
xiaomi
Revised to R1-2301770
R1-2300667
PRACH coverage enhancements
CATT

R1-2300728
Discussion on PRACH coverage enhancement
China Telecom

R1-2300758
Discussion on PRACH coverage enhancements
Fujitsu

R1-2300796
Discussion on PRACH coverage enhancements
Panasonic

R1-2300828
Discussion on PRACH coverage enhancement
NEC

R1-2300838
PRACH coverage enhancements
TCL Communication Ltd.

R1-2300860
PRACH coverage enhancements
Lenovo

R1-2300894
PRACH Coverage Enhancement using Multi PRACH Transmissions
Sony

R1-2300904
Discussion on PRACH coverage enhancement
Mavenir

R1-2300972
Discussions on PRACH coverage enhancement
Intel Corporation

R1-2301027
Discussion on PRACH coverage enhancements
CMCC

R1-2301053
PRACH coverage enhancements
ETRI

R1-2301074
Discussion on PRACH repeated transmission for NR coverage enhancement
LG Electronics

R1-2301171
Discussion on PRACH coverage enhancements
InterDigital Communications

R1-2301185
Discussion on PRACH coverage enhancement
Ericsson

R1-2301292
PRACH coverage enhancements
Samsung

R1-2301374
Discussion on PRACH coverage enhancement
Apple

R1-2301441
PRACH Coverage Enhancements
Qualcomm Incorporated

R1-2301519
Discussion on PRACH coverage enhancements
NTT DOCOMO, INC.

R1-2301550
Views on multiple PRACH transmission for coverage enhancement
Sharp

R1-2301603
On PRACH coverage enhancements
MediaTek Inc.
Revised to R1-2301777
R1-2301654
PRACH coverage enhancements
Nokia, Nokia Shanghai Bell

R1-2301770
Discussion on PRACH coverage enhancements
xiaomi
R1-2301777
On PRACH coverage enhancements
MediaTek Inc.
9.14.2
Power domain enhancements
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 low PAPR Type 1 DMRS sequence.

· A.2: The sequence is a low PAPR Type 2 DMRS sequence. 

FFS: how the sequence is extended.

· Approach B – the DMRS sequence is not extended: A DMRS sequence based on low PAPR 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 low PAPR 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., low PAPR 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 low PAPR 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 comparsion 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.
R1-2302080
 [Draft] LS to RAN4 for results of the LLS performance evaluation of MPR/PAR reduction solutions 
R1-2301872
FL summary of power domain enhancements (AI 9.14.2)
Moderator(Nokia)
R1-2301871
FL summary of power domain enhancements (AI 9.14.2)
Moderator(Nokia)
R1-2301869
FL summary of power domain enhancements (AI 9.14.2)
Moderator(Nokia)
R1-2300090
Discussion on coverage enhancement in power domain
Huawei, HiSilicon

R1-2300245
Discussion on power domain enhancements
Spreadtrum Communications

R1-2300277
The study of power domain enhancements
OPPO

R1-2300345
Discussion on power domain enhancements
ZTE

R1-2300480
Discussions on power domain enhancements
vivo

R1-2300562
Discussion on power domain enhancements
xiaomi

R1-2300668
Discussion on MPR/PAR reduction enhancements
CATT

R1-2300729
Discussion on power domain enhancements
China Telecom

R1-2300759
Discussion on Power domain enhancements
Fujitsu

R1-2300797
Discussion on power domain enhancements
Panasonic

R1-2300861
Power domain enhancements
Lenovo

R1-2300895
Considerations on tone reservation for PAPR reduction
Sony

R1-2300973
Discussions on power domain enhancement
Intel Corporation

R1-2301028
Discussion on power domain enhancements
CMCC

R1-2301172
Discussion on power domain enhancements
InterDigital Communications

R1-2301186
Power Domain Enhancement Schemes and Performance
Ericsson

R1-2301293
Power domain enhancements
Samsung

R1-2301375
Discussion on power domain coverage enhancement
Apple

R1-2301442
Power-domain enhancements
Qualcomm Incorporated

R1-2301520
Discussion on power domain enhancements
NTT DOCOMO, INC.

R1-2301604
Views on power domain enhancements
MediaTek Inc.

Revised to R1-2301778
R1-2301635
DMRS design for power domain enhancements
Indian Institute of Tech (H)

R1-2301655
RAN1 impacts for power domain enhancements
Nokia, Nokia Shanghai Bell

R1-2301778
Views on power domain enhancements
MediaTek Inc.
9.14.3
Dynamic switching between DFT-S-OFDM and CP-OFDM
Agreement

For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.

Note: no change of the current size alignment procedure between UL DCI and DL DCI.

Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.

Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.
Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.

R1-2301540
Summary #1 on dynamic switching between DFT-S-OFDM and CP-OFDM
Moderator (InterDigital, Inc.)

R1-2301541
Summary #2 on dynamic switching between DFT-S-OFDM and CP-OFDM
Moderator (InterDigital, Inc.)

R1-2300091
Discussion on dynamic waveform switching for coverage enhancement
Huawei, HiSilicon

R1-2300246
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
Spreadtrum Communications

R1-2300278
Considerations on dynamic switching between DFT-S-OFDM and CP-OFDM
OPPO

R1-2300346
Discussion on dynamic waveform switching
ZTE

R1-2300481
Discussions on dynamic waveform switching
vivo

R1-2300563
Discussion on dynamic switching between DFT-s-OFDM and CP-OFDM
xiaomi

R1-2300669
Dynamic switching between DFT-S-OFDM and CP-OFDM
CATT

R1-2300730
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
China Telecom

R1-2300829
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
NEC

R1-2300856
Dynamic switching between DFT-S-OFDM and CP-OFDM
InterDigital, Inc.

R1-2300862
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
Lenovo

R1-2300864
Discussion on dynamic waveform switching
Panasonic

R1-2300896
Further considerations on dynamic waveform switching for the UE UL
Sony

R1-2300903
Discussion on solutions for NR dynamic switching between DFT-S-OFDM and CP-OFDM


Mavenir

R1-2300974
Dynamic switching between DFT-S-OFDM and CP-OFDM waveform
Intel Corporation

R1-2301029
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
CMCC

R1-2301054
Dynamic switching between DFT-S-OFDM and CP-OFDM
ETRI

R1-2301075
Discussion on dynamic waveform switching for NR coverage enhancement
LG Electronics

R1-2301086
Discussion on dynamic waveform switching
DENSO CORPORATION

R1-2301187
Discussion on Dynamic UL Waveform Switching
Ericsson

R1-2301294
Dynamic switching between DFT-S-OFDM and CP-OFDM
Samsung

R1-2301312
Discussion of dynamic switching between DFT-S-OFDM and CP-OFDM
Transsion Holdings

R1-2301376
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
Apple

R1-2301443
Dynamic switching between DFT-S-OFDM and CP-OFDM
Qualcomm Incorporated

R1-2301521
Discussion on dynamic switching between DFT-S-OFDM and CP-OFDM
NTT DOCOMO, INC.

R1-2301551
Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 CovEnh
Sharp

R1-2301605
Dynamic switching between waveforms
MediaTek Inc.

Revised to R1-2301779
R1-2301656
Dynamic switching between DFT-s-OFDM and CP-OFDM
Nokia, Nokia Shanghai Bell

R1-2301779
Dynamic switching between waveforms
MediaTek Inc.
