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1.1 Study on NR-based Access to Unlicensed Spectrum
SID in RP-172021
R1-1807383
TR38.889 v0.0.1
Qualcomm Incorporated

Endorsed as v0.0.2
R1-1807701
TR38.889 v0.0.1 Qualcomm Incorporated

Revision of R1-1807383

R1-1807728
Summary of Offline Discussion on NR-U
Qualcomm Incorporated

R1-1807777
Summary of offline discussion on NR-U
Qualcomm Incorporated
1.1.1 Simulation Methodology for NR-U operation   
R1-1806104
Simulation Methodology and Assumptions for NR-U Evaluations
Nokia, Nokia Shanghai Bell

R1-1806249
NR-U evaluation methodology
Ericsson

R1-1806313
Remaining Issues of Simulation Methodology for NR Unlicensed operations
CATT

R1-1806458
Simulation Methodology for NR-U Operation 
ZTE Corporation

R1-1806540
Simulation methodology and assumptions for NR unlicensed
Intel Corporation

R1-1806641
Simulation methodology for NR unlicensed operation
LG Electronics

R1-1806757
Remaining simulation methodology for NR-U
Samsung

R1-1806793
On simulation methodology for NR-U operation
MediaTek Inc.

R1-1806905
Simulation assumptions and preliminary results for NR unlicensed bands
Huawei, HiSilicon

R1-1807033
Simulation Calibration and Model Selection for NR-Unlicensed 
InterDigital, Inc.

R1-1807156
Outdoor Sub-7 GHz RSSI Evaluation
Charter Communications

R1-1807327
Discussion on outdoor network topology for sub-7GHz coexistence evaluations between NR-U and Wi-Fi
BROADCOM

R1-1807384
Email discussion summary for sub7 indoor evalution calibration
Qualcomm Incorporated

R1-1807385
Simulation methodology for NR unlicensed
Qualcomm Incorporated

Agreement:
· For sub7 GHz outdoor scenario, adopting the following

· Macro deployment with ISD=200×A meters

· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters

· Independent dropping between two operators

· Use 10 meters as the inter-operator micro-layer TRP minimum distance

· For the inter-operator micro-layer TRP maximum distance

· Outdoor scenario 1: 30

· Outdoor scenario 2: No limit as long as the TRP is within the macro cell

· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm

· All UEs dropped outdoor

· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)%] UEs below -72dBm

· Other parameters follow the table below

	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR UMi street canyon

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability


Email discussion on calibration of parameters A and X targeting a single setting of parameters for both outdoor scenarios until August 2, 2018
Qualcomm (Jing)
1.1.2 Frame structure for NR-U operation
R1-1805917
NR frame structure on unlicensed bands
Huawei, HiSilicon

R1-1806083
Frame structure for NR-U operation
vivo

R1-1806105
Frame Structure for NR-U Operation
Nokia, Nokia Shanghai Bell

R1-1806123
Discussion on flextible starting positions and related PDCCH monitoring for NR-U
Fujitsu

R1-1806250
Frame structure for NR-U
Ericsson

R1-1806314
Frame Structure for NR Unlicensed Operations
CATT

R1-1806345
Frame structure for NR-U operation
Lenovo, Motorola Mobility

R1-1806459
Discussion on frame structure for NR-U
ZTE Corporation

R1-1806541
On the NR frame structure to support unlicensed operation
Intel Corporation

R1-1806567
Considerations on frame structure for NR unlicensed operations
Sony

R1-1806642
Frame structure for NR unlicensed operation
LG Electronics

R1-1806758
Frame structure for NR-U
Samsung

R1-1806794
On frame structure design for NR-U operation
MediaTek Inc.

R1-1806849
Frame structure for NR-U
OPPO

R1-1806987
Frame structure for NR-U operation
AT&T

R1-1807034
On NR-Unlicensed Frame Structure 
InterDigital, Inc.

R1-1807141
Frame structure and numerology for NR-U
ITL

R1-1807204
Frame structure design in NR-U
CATR

R1-1807386
Frame structure for NR-U operation
Qualcomm Incorporated

Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios

1.1.3 Potential physical layer channel design  
1.1.3.1 DL Signals and Channels

Including DL data channel, DL control channel, DL RS, Sync channel, etc.
R1-1805916
DL channel and signals in NR unlicensed band
Huawei, HiSilicon

R1-1806084
Discussion on physical DL channel design in unlicensed spectrum
vivo

R1-1806106
On DL Signals and Channels for NR-U
Nokia, Nokia Shanghai Bell

R1-1806251
On DL Signals and channels
Ericsson

R1-1806315
DL Physical Channel and Signal Design for NR-U Operations
CATT

R1-1806410
Discussion on SS/PBCH block design in NR-U operation
Spreadtrum Communications

R1-1806460
Consideration on DL reference signals and channels design for NR-U
ZTE Corporation

R1-1806542
Potential enhancements to NR DL signals and channels for unlicensed operation
Intel Corporation

R1-1806568
Considerations on DL signals and channels for NR unlicensed operations
Sony

R1-1806643
Physical layer design of DL signals and channels for NR unlicensed operation
LG Electronics

R1-1806759
Downlink signal and channel design for NR-U
Samsung

R1-1806795
On downlink transmission detection for NR-U operation
MediaTek Inc.

R1-1806850
DL design for NR-U
OPPO

R1-1806988
Physical layer channel design for NR-U
AT&T

R1-1807081
DL Signals and Channels for NR-U operation
NTT DOCOMO, INC.

R1-1807208
SS/PBCH blocks transmission for NR unlicensed
Xiaomi Technology

R1-1807225
Design Considerations for SSB in NR-U 
Convida Wireless LLC

R1-1807387
DL signals and channels for NR-U
Qualcomm Incorporated

Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission

· FFS: Other channels and signals transmitted together as part of the signal

· The design of this signal should consider the following characteristics specific to unlicensed band operation

· There are no gaps within the time span the signal is transmitted at least within a beam

· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)

· Strive to minimize the channel occupancy time of the signal

· Characteristics that may facilitate fast channel access
1.1.3.2 UL Signals and Channels

Including UL data channel, UL control channel, UL RS, PRACH, etc.
R1-1805921
UL PHY channels for NR unlicensed
Huawei, HiSilicon

R1-1806085
Discussion on physical UL channel design in unlicensed spectrum
vivo

R1-1806107
On Uplink Signal and Channel Structures for NR-U
Nokia, Nokia Shanghai Bell

R1-1806252
On UL Signals and channels
Ericsson

R1-1806316
UL Physical Channel and Signal Design for NR-U Operations
CATT

R1-1806461
Consideration on UL reference signals and channels design for NR-U
ZTE Corporation

R1-1806543
Potential enhancements to NR UL signals and channels for unlicensed operation
Intel Corporation

R1-1806644
Physical layer design of UL signals and channels for NR unlicensed operation
LG Electronics

R1-1806760
Uplink signal and channel design for NR-U
Samsung

R1-1806796
On UL signals and channels design for NR-U operation
MediaTek Inc.

R1-1806851
UL design for NR-U
OPPO

R1-1807002
NR Unlicensed physical channel design considerations
Apple Inc.

R1-1807035
On UL Signals and Channels in NR-Unlicensed 
InterDigital, Inc.

R1-1807082
UL Signals and Channels for NR-U operation
NTT DOCOMO, INC.

R1-1807157
On PUCCH for NR-U
Charter Communications

R1-1807388
UL signals and channels for NR-U
Qualcomm Incorporated

Agreement:
· An interlaced waveform can have benefits in some scenarios including

· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios

· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats

Agreement:

· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that interlaced based PRACH can be beneficial. 

· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:

· Interlacing based on PRB or REs

· Targeted cell sizes

· Targeted PRACH capacity

· Targeted false alarm and detection rates

· Targeted timing estimation accuracy

· Number of formats

· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

1.1.4 Potential physical layer procedures 

1.1.4.1 Channel access procedures

R1-1805919
Coexistence and channel access for NR unlicensed band operations
Huawei, HiSilicon

R1-1806086
Discussion on the channel access procedures
vivo

R1-1806108
Channel access and co-existence for NR-U operation
Nokia, Nokia Shanghai Bell

R1-1806253
Channel access mechanisms
Ericsson

R1-1806317
Channel Access Procedures for NR Unlicensed Operations
CATT

R1-1806412
Considerations on the channel access procedures for NR-U
Spreadtrum Communications

R1-1806462
Discussion on Channel access mechanism for NR-U
ZTE Corporation

R1-1806544
Potential designs for NR unlicensed channel access mechanism
Intel Corporation

R1-1806569
Considerations on channel access for NR unlicensed operations
Sony

R1-1806645
Channel access procedure for NR unlicensed operation
LG Electronics

R1-1806670
Discussion on subband based channel access procedures for NR-U
NEC

R1-1806761
Channel access procedure for NR-U
Samsung

R1-1806797
Channel access to NR-based unlicensed spectrum
MediaTek Inc.

R1-1806852
Channel access mechanisms on NR-U
OPPO

R1-1806989
Channel access enhancements for NR-U
AT&T

R1-1807003
NR Unlicensed channel access procedure considerations
Apple Inc.

R1-1807036
On NR-Unlicensed channel access procedures
InterDigital, Inc.

R1-1807083
Channel access procedures for NR-U operation
NTT DOCOMO, INC.

R1-1807161
Discussion on NR unlicensed band operation
ITRI

R1-1807205
Considerations on LBT in NR-U
CATR

R1-1807230
Discussion on Procedures for LBT in NR-U
Convida Wireless LLC

R1-1807231
Design Considerations for Network Assisted Channel Access 
Convida Wireless LLC

R1-1807240
Discussion on Channel Access Indication in NR-U
Convida Wireless LLC

R1-1807389
Channel access procedure for NR-U
Qualcomm Incorporated

Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

· Further enhancements not precluded 

· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 

· Further enhancements not precluded 

· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

Agreement: 

· Initial active DL/UL BWP is approximately 20MHz for 5GHz band

· The final value will be quantized to number of PRBs

· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band

· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz

1.1.4.2 Initial access and mobility

R1-1805920
Initial access in NR unlicensed
Huawei, HiSilicon

R1-1806087
Discussion on RACH procedure for NR-U
vivo

R1-1806109
On Initial Access and Mobility for NR-U
Nokia, Nokia Shanghai Bell

R1-1806254
On initial access, RRM, mobility and RLM
Ericsson

R1-1806318
Initial Access and Mobiity for NR Unlicensed Operations
CATT

Withdrawn

R1-1806463
Discussion on initial access and mobility for NR-U
ZTE Corporation

R1-1806545
Potential enhancements to NR initial access and mobility to support unlicensed operation
Intel Corporation

R1-1806570
Considerations on initial access procedures for NR unlicensed operations
Sony

R1-1806646
Initial access and mobility for NR unlicensed operation
LG Electronics

R1-1806762
Initial access and mobility procedure for NR-U
Samsung

R1-1806798
Considerations on initial access and mobility for NR-U
MediaTek Inc.

R1-1806853
Initial access procedure on NR-U
OPPO

R1-1806990
Beam measurement for NR-U
AT&T

R1-1807037
On Initial Access in NR-Unlicensed Spectrum 
InterDigital, Inc.

R1-1807142
Initial access and mobility for NR-U
ITL

R1-1807390
Initial access and mobility for NR-U
Qualcomm Incorporated

Agreement:
The following modifications to initial access procedures are beneficial

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

· Enhancement to 4-step RACH

· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure

· 2-step RACH potentially has benefit for channel access

Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied
Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied
1.1.4.3 Potential HARQ enhancements

R1-1805918
HARQ enhencement in NR unlicensed
Huawei, HiSilicon

R1-1806088
Discussion on HARQ operation for NR-U
vivo

R1-1806110
HARQ Enhancements for NR-Unlicensed
Nokia, Nokia Shanghai Bell

R1-1806255
HARQ enhancements for NR-U
Ericsson

R1-1806319
HARQ Operations in NR-U
CATT

R1-1806346
HARQ-ACK transmission on unlicensed carriers
Lenovo, Motorola Mobility

R1-1806464
Discussion on scheduling and HARQ for NR-U
ZTE Corporation

R1-1806546
Potential enhancements to NR scheduling and HARQ to support unlicensed operation
Intel Corporation

R1-1806647
HARQ operation for NR unlicensed operation
LG Electronics

R1-1806671
Discussion on HARQ enhancements for NR-U
NEC

R1-1806763
HARQ enhancements for NR-U
Samsung

R1-1806854
HARQ procedure on NR-U
OPPO

R1-1807038
Discussion on HARQ Procedure in NR-Unlicensed 
InterDigital, Inc.

R1-1807158
HARQ Feedback Principles
Charter Communications

R1-1807206
Discussions on HARQ enhancement for NR-U
CATR

R1-1807304
Considerations on HARQ operation for NR-U
KT Corp.

Late submission

R1-1807391
Potential HARQ enhancements for NR-U
Qualcomm Incorporated

Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial

· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required

· Mechanisms to support this need to be identified

· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted

· Mechanisms to support this need to be identified

Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial

· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities

Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified

· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 

· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U

1.1.4.4 Potential enhancements to configured grants

R1-1805922
Transmission with configured grant in NR unlicensed band
Huawei, HiSilicon

R1-1806111
On Support of UL Transmission with Configured Grants in NR-U
Nokia, Nokia Shanghai Bell

R1-1806256
Configured UL grant for NR-U
Ericsson

R1-1806320
DL control design for NR-U
CATT

Withdrawn

R1-1806413
Consideration on autonomous UL transmission in NR-U operation
Spreadtrum Communications

R1-1806465
Discussion on configured grant for NR-U
ZTE Corporation

R1-1806547
Potential enhancements to NR configured grants to support unlicensed operation
Intel Corporation

R1-1806571
Considerations on Configured Grant for NR-U
Sony

R1-1806648
Discussion on configured grant for NR unlicensed operation
LG Electronics

R1-1806764
Enhancements on configured grant for NR-U
Samsung

R1-1807039
Discussion on Configured Grants in NR-Unlicensed 
InterDigital, Inc.

R1-1807392
Potential enhancements to configured grants for NR-U
Qualcomm Incorporated

Agreement:
· The following modifications to the configured grant procedures are beneficial

· Removing dependencies of HARQ process information to the timing

· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

· Increased flexibility on time domain resource allocation for the configured grant transmissions

· Supporting retransmissions without explicit UL grant

1.1.4.5 Others

R1-1805923
BWP operation in NR unlicesned band
Huawei, HiSilicon

R1-1806112
On Wideband Operation for NR-U
Nokia, Nokia Shanghai Bell

R1-1806548
Potential designs to support spatial reuse for NR-unlicensed.
Intel Corporation

R1-1806855
Paging transmission on NR-U
OPPO

R1-1806856
SS/PBCH block transmission on NR-U
OPPO

R1-1806968
BWP operation in unlicensed spectrum
InterDigital, Inc.

R1-1807237
Discussion on NR-U in Wider Band
Convida Wireless LLC

1.1.5 Others

R1-1805989
Waveform considerations for NR-U in the 60GHz band
Mitsubishi Electric RCE

R1-1806257
On NR operation in 60GHz unlicensed band
Ericsson

R1-1806258
On PRACH for NR in Unlicensed Spectrum
Ericsson

R1-1806259
On interlace design for NR-U uplinks
Ericsson

R1-1806260
On SRS design for NR unlicensed operation
Ericsson

R1-1806261
NR-U PUCCH Design
Ericsson

R1-1806444
On Maximum TX Power for UL Interlace Structures
Nokia, Nokia Shanghai Bell

R1-1806549
Initial thoughts on technology neutral design for greenfield
Intel Corporation

R1-1806906
Zero-Autocorrelation zone of frequency-interlaced PRACH
Huawei, HiSilicon

R1-1807040
Discussion on Potential Waveform Solutions for NR Unlicensed 
InterDigital, Inc.

R1-1807229
Discussion on SSB design for NR-U
Potevio

