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1.1.1 Study on NR-based Access to Unlicensed Spectrum
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R1-1814192
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Qualcomm Incorporated

Agreement:
Adopt the following text proposal for the Conclusion section of the TR:

------------------------ Start TP -------------------------------------------

This technical report presents the results of a study on the operation of NR in sub 7 GHz unlicensed spectrum (NR-U). Multiple deployment scenarios for NR-U have been identified, including carrier aggregation (CA) with NR, dual connectivity (DC) with LTE or NR, stand-alone (SA), and SA with DL in unlicensed band and UL in licensed band.

The modifications to NR needed to allow it to operate in unlicensed spectrum as a Secondary cell through carrier aggregation, as a PSCell through DC, and as a primary cell in stand-alone deployment are studied and documented. The relevant regulatory requirements have been summarized in section 4. The study concludes that modifying NR to operate in unlicensed spectrum in carrier aggregation (CA) with NR, dual connectivity (DC) with LTE or NR, stand-alone (SA), and SA with DL in unlicensed band and UL in licensed band scenarios is feasible.

When deployed in unlicensed bands, NR-U needs to coexist with other deployments with same or other RATs, and coexistence performance has been evaluated. For the coexistence evaluation, three scenarios (indoor, outdoor scenario 1, and outdoor scenario 2) have been defined, as documented in section 8.

For 5GHz band, where Wi-Fi 802.11ac has been widely deployed, the coexistence evaluation assumes two independent networks (e.g., NR-U+Wi-Fi or Wi-Fi+Wi-Fi) are deployed in the same area, and the fairness criterion is defined as the NR-U network not degrading Wi-Fi 802.11ac network performance when NR-U and Wi-Fi 802.11ac are deployed in the area compared to the case where two Wi-Fi 802.11ac networks are deployed in the area, i.e., the same fairness criterion as used in the LTE LAA studies [31]. 

For 6GHz band (e.g. US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof), since both NR-U and Wi-Fi are new systems to be deployed in these bands (band definitions depending on regulations), a technology neutral fairness criterion is required for the coexistence evaluation. Though it is not in the scope of this study to define a fairness criterion with other RATs, a fairness criterion for coexistence has been discussed but no conclusions were reached. For the 6 GHz coexistence evaluation in this study, the assumption of same CCA-ED threshold across technologies is applied as the technology neutral channel access mechanism.

The coexistence evaluations performed during the study item are documented in section 8.3. The 5GHz band coexistence evaluation results are listed in Section 8.3.1. The studies show that when the appropriate channel access schemes, as defined in Section 8.2, are used, it is feasible for NR-U to achieve fair coexistence with Wi-Fi, and for NR-U to coexist with itself, under conditions described in Section 8.3.1.4. The 6GHz band coexistence evaluation results are listed in Section 8.3.2.

Wideband operation in integer multiple of 20MHz is supported in NR-U and channel access can be performed at least in units of 20MHz, at least for band where absence of Wi-Fi cannot be guaranteed. Options to support wideband operation have been identified (Section 7.2.1.1)

For LBE mode of operation, it is recommended that NR-U supports single DL/UL switching point operation within a gNB initiated COT, as in LTE-LAA, as well as multiple DL/UL switching points within a gNB initiated COT. It is recommended that Cat 4 channel access is used for gNB or UE to initiate a COT for normal data transmissions, while gNB can use Cat 2 channel access for DRS transmission when DRS satisfies some conditions (Section 7.2.1.3.1). It is recommended that for a switching point gap of up to 16 µs, where the gap accommodates for the transceiver turnaround time, immediate transmission can take place within the same COT. It is recommended that for a gap of more than 16 µs but less than 25 µs, Cat 2 LBT can be used within the same COT. It is also recommended that for the case of a single switching point within a COT, where the switching gap exceeds 25 µs, Cat 2 LBT can be used within the same COT (Section 7.2.1.3.1). Partial slot transmission at the beginning of the gNB or UE initiated COT is identified as beneficial and multiple techniques to support partial slot transmissions have been studied. 

For FBE mode of operation, according to regulation, the channel access of FBE is in unit of fixed frame periods. A Cat 2 LBT is used before each fixed frame period to determine if the fixed frame period can be occupied. Within an occupied fixed frame period, for a gap of up to 16 µs, Cat 1 channel access can be used. For a gap of more than 16 µs in an occupied fixed frame period, Cat 2 LBT should be used.

The enhancements needed for initial access and mobility procedures are captured in Section 7.2.1.3.2. The issue of reduced transmission opportunities due to LBT failure for SS/PBCH block transmission, message 1/2/3/4 transmission in 4-step RACH procedure, RLM/RRM, and paging has been identified, and some enhancements are described. 

For HARQ, benefits of supporting the transmission of all HARQ A/N within the same shared COT as the PDSCH(s), have been identified. Multiple techniques to handle reduced HARQ A/N transmission opportunities due to LBT failure have been identified (Section 7.2.1.3.3). Furthermore, enhancements to UL scheduling, such as scheduling multiple slots for PUSCH(s) using a single UL grant, as is possible for LTE-eLAA, were identified as beneficial.

For configured grant, benefits of enhancing the NR design for NR-U have been identified (Section 7.2.1.3.4). Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID has been identified as beneficial in removing dependencies of HARQ process information to the timing. The identified enhancements also include introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission, increased flexibility on time domain resource allocation for the configured grant transmissions and supporting retransmissions without explicit UL grant. 

The enhancements identified for physical layer signal and channels are captured in Section 7.2.1.2. For SS/PBCH block transmission in NR-U DRS, it has been identified as beneficial to include CSI-RS and RMSI-CORESET(s) and RMSI-PDSCH(s) in the same contiguous burst when transmission of CSI-RS/RMSI are configured. Optionally OSI and paging can be transmitted in the same DRS if there are available resources. For UL signals/channels, a study on the waveform design to satisfy the Occupied Channel Bandwidth requirement and Power Spectral Density requirements of unlicensed bands was conducted, and it was determined that it is feasible to introduce a block-interlaced waveform for PUCCH and PUSCH for UL as enhancements to existing NR UL waveforms to satisfy the requirements. It has been identified that enhancement of one or more Rel.15 NR PRACH formats is feasible. Several enhancements to SRS design have been identified.
----------------------------------------- End TP --------------------------------------------------
RAN2 and RAN4 parts to be appended to the above TP.

R1-1814312
Text proposal on DRS for NR-U
Huawei, HiSilicon

R1-1814322
[draft] LS on study item completion of NR-U
Qualcomm
Final LS approved in R1-181xxxx with the following modifications:
· Change Section 1 as follows:

RAN1 completed the study on NR-based Access to Unlicensed Spectrum in RAN1 #95. 

The study concludes [1] that it is feasible to modify NR to operate in unlicensed spectrum in carrier aggregation (CA) with a licensed band NR carrier(s) , dual connectivity (DC) with LTE or NR in a licensed band, stand-alone (SA) with DL and UL in unlicensed band, and SA with DL in unlicensed band and UL in licensed band.
RAN1, as the leading WG for the NR-U SI, sees no issue with proceeding with a corresponding WI. 

· Change Section 2 as follows:

ACTION: RAN1 respectfully requests RAN to take this information into account
R1-1814295
TP proposal for 38.889
Qualcomm Incorporated
Endorsed as TR38.889 v0.2.1 in R1-181xxxx with the last statement in the second paragraph of Section 9 replaced by the following:
The study concludes that it is feasible to modify NR to operate in unlicensed spectrum in carrier aggregation (CA) with a licensed band NR carrier(s), dual connectivity (DC) with LTE or NR in a licensed band, stand-alone (SA) with DL and UL in unlicensed band, and SA with DL in unlicensed band and UL in licensed band.

1.1.1.1 Evaluation results for NR-U operation

Including any remaining simulation assumptions
R1-1812431
Evaluation Results for NR-U
ZTE

R1-1812556
Evaluation results for NR unlicensed operation
LG Electronics

R1-1812659
Evaluation Results for NR-U
Nokia, Nokia Shanghai Bell

R1-1813902
Coexistence evaluation of NR unlicensed bands
Huawei, HiSilicon

Revision of R1-1812671
R1-1812862
Evaluation results for NR-U operation
AT&T

Late submission

R1-1813880
Evaluation result for NR-U
Samsung

Revision of R1-1812973
R1-1813216
NR-U coexistence evaluation results 
InterDigital, Inc.

R1-1813409
Coexistence evaluation results for NR unlicensed
Qualcomm Incorporated

R1-1813454
Coexistence evaluation results for NR-U and Wi-Fi
Ericsson

R1-1813931
TP for 38.889-020 on Evaluation Results
Qualcomm
R1-1814172
TP for 38.889-020 on Evaluation Results
Qualcomm

R1-1814189
Additional observations on coexistence evaluation results for 6GHz
Huawei, HiSilicon
Agreement:
· Adopt the text proposals in R1-1814172
· Add the following to Section 8.3.1.4 in the TR:

· For the case where an NR-U network coexists with an 802.11ac network in the indoor scenario and a NR-U DL/UL switching gap less than 16 us, and NR-U UL data transmission after the gap with Category 1 channel access without any additional restrictions on duration other than the MCOT limits, one source has shown that there is a degradation to the throughput and VoIP outage performance of 802.11ac, while another source has shown that the throughput and VoIP outage performance of 802.11ac improves, when compared to the case where two 802.11ac networks coexist.

· Adopt the TP in R1-1814189

1.1.1.2 Frame structure for NR-U operation
Including general numerology aspects, COT structure, potential impact of channel access procedures on frame structure, wideband operation including CA and BWP(s), etc.
R1-1813903
NR numerology and frame structure for unlicensed bands
Huawei, HiSilicon

Revision of R1-1812191
R1-1812297
Frame structure for NR-U operation
vivo

R1-1812353
Frame Structure for NR-U operation
MediaTek Inc.

R1-1812403
Initial slot with flexible starting positions for NR-U
Fujitsu

R1-1812418
Considerations on frame structure design for NR-U operation
NEC

R1-1812432
Discussion on Frame Structure for NR-U
ZTE

R1-1812479
On the NR-unlicensed frame structure
Intel Corporation

R1-1812557
Frame structure for NR unlicensed operation
LG Electronics

R1-1812697
On the Frame structure and Wideband operation for NR-U
Nokia, Nokia Shanghai Bell

R1-1812736
Considerations on Frame structure for NR unlicensed operations
Sony

R1-1812779
Frame structure for NR-U
Lenovo, Motorola Mobility

R1-1812798
Frame structure for NR-U
OPPO

R1-1812863
Frame structure for NR-U operation
AT&T

R1-1812912
Frame structure and wideband operation in NR-U
Apple Inc.

R1-1812974
Frame structure for NR-U
Samsung

R1-1813072
Discussion on frame structure for NR-U operation
Spreadtrum Communications

R1-1813099
Wideband operation in NR unlicensed
PANASONIC

R1-1813203
Frame structures for NR unlicensed operation
Sharp

R1-1813217
NR-U frame structure design 
InterDigital, Inc.

R1-1813310
Frame structure for NR-U operation
NTT DOCOMO, INC.

R1-1813360
 Frame structure for NR-U
Beijing Xiaomi Mobile Software

R1-1813410
Frame structure for NR-U operation
Qualcomm Incorporated

R1-1813455
Frame Structure for NR-U
Ericsson

R1-1813502
Discussions on frame structure design in NR-U
CAICT

R1-1813532
Frame structure for NR-U operation
WILUS Inc.

R1-1813928

Agreement:
· Confirm the working assumption: Extended CP for SS/PBCH block is not supported for NR-U operation
· Modify the section in the TR to remove references to future confirmation of this statement.

R1-1814000
Summary #2 on frame structure for NR-U
LG Electronics

Agreement:
Adopt the following text proposal for section 7.2.1.2 of the TR
------------------------------------------ Start of Text Proposal ----------------------------------------------

It has been identified that support of different numerology candidates at least has the following specification impacts:
· For PRB-based block-interlace design for 15, 30, and 60 kHz SCS, the following spec impacts have been identified: Number of interlaces and number of PRBs per interlace need to be defined; the resource allocation mechanism needs to be defined; channel estimation aspects need to be considered, such as impact on PRG. In addition to the above impact, for sub-PRB-based block-interlace design for 60 kHz SCS, reference signal design (such as DMRS) needs to be revisited and alternative resource allocation mechanism is needed.

· For NR-U DRS design for 15 and 30 kHz SCS, the SS/PBCH block time domain pattern is already supported in Rel-15. For 60 kHz SCS, there is no SS/PBCH block time domain pattern defined in Rel-15. SS/PBCH block to CORESET configuration tables (38.213 Section 13) need to be defined as well.

· For PRACH design for 15, 30, and 60 kHz SCS, signalling mechanism of RACH configuration indicating PRACH numerology may need modification to support more than two numerologies for PRACH for NR-U.
------------------------------------------- End of Text Proposal ---------------------------------------------

Agreement:
Capture the following in the TR

------------------------------------------ Start of Text Proposal ----------------------------------------------

For wideband operation for both DL and UL,
· Bandwidth larger than 20 MHz can be supported with multiple serving cells.
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz. 

For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
It is noted that CCA is declared to be successful or not in multiples of 20 MHz.
Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 
-------------------------------------------- End of Text Proposal ---------------------------------------------

Agreement:
· Adopt the following text proposal for the TR:

------------------------------------------ Start of Text Proposal ----------------------------------------------

It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.

The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
· Option 1: PUSCH(s) as in Rel-15 NR

· Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 

It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.

It is noted that above options are not mutually exclusive.

-------------------------------------------- End of Text Proposal ---------------------------------------------

· FFS: TBS determination for the transmission and how to capture the options in the TP.

· FFS for signalling details, specification impact, implementation complexity

1.1.1.3 Potential physical layer channel design  
1.1.1.3.1 DL Signals and Channels

Including DL data channel, DL control channel, DL RS, Sync channel, etc.
R1-1812192
DL channels and signals in NR unlicensed band
Huawei, HiSilicon

R1-1812298
Discussion on physical DL channel design in unlicensed spectrum
vivo

R1-1812354
DL Signals and Channels for NR-U operation
MediaTek Inc.

R1-1812433
Considerations on DL Reference Signals and Channels Design for NR-U
ZTE

R1-1812480
Enhancements to NR DL signals and channels for unlicensed operation
Intel Corporation

R1-1812558
Physical layer design of DL signals and channels for NR unlicensed operation
LG Electronics

R1-1812696
On DL Signals and Channels for NR-U
Nokia, Nokia Shanghai Bell

R1-1812737
Considerations on DL Signals and Channels channel access for NR unlicensed operations
Sony

R1-1812799
Considerations on DL signals and channels for NR-U
OPPO

R1-1812864
DL signal and channel design for NR-U
AT&T

R1-1812914
On DL signals and channels for NR-U
Apple Inc.

R1-1812975
Downlink signal and channel design for NR-U
Samsung

R1-1813077
Discussion on DRS in NR-U
Spreadtrum Communications

R1-1813100
Signal for detection and COT indication
PANASONIC

R1-1813192
DL channels and signals for NR-U
CableLabs

R1-1813204
DL channels and signals for NR unlicensed operation
Sharp

R1-1813218
On design of downlink signals and channels for NR-U 
InterDigital, Inc.

R1-1813279
DL Physical Channel and Signal Design for NR Unlicensed Operations
CATT

R1-1813311
DL Signals and Channels for NR-U operation
NTT DOCOMO, INC.

R1-1813361
Discussion on DL signals for NR-U
Beijing Xiaomi Mobile Software

R1-1813379
Initial Signal and Power Saving
Charter Communications

R1-1813380
Initial Signal and Coexistence
Charter Communications

R1-1813411
DL signals and channels for NR-U
Qualcomm Incorporated

R1-1813456
On DL signals and channels
Ericsson

R1-1813567
Preamble/initial signal for NR-Unlicensed
Broadcom

R1-1812427
Feature lead summary for NR-U DL Signals and Channels
Motorola Mobility, Lenovo
R1-1814035
Feature lead summary for NR-U DL Signals and Channels
Motorola Mobility, Lenovo
Agreement:
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.

· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.

Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
· Adopt the following text proposal to reflect the above
· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.

As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”
Agreement:
Adopt the following text for the TR:

The detection of a gNB’s transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
Agreement:

Adopt the following text for the TR:

Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.
1.1.1.3.2 UL Signals and Channels

Including UL data channel, UL control channel, UL RS, PRACH, etc.
R1-1812193
UL PHY channels for NR unlicensed
Huawei, HiSilicon

R1-1812299
Discussion on physical UL channel design in unlicensed spectrum
vivo

R1-1812355
UL Signals and Channels for NR-U operation
MediaTek Inc.

R1-1812404
On UL signals and channels design for NR-U
Fujitsu

R1-1812434
Considerations on UL Reference Signals and Channels Design for NR-U
ZTE

R1-1813863
Enhancements to NR UL signals and channels for unlicensed operation
Intel Corporation

Revision of R1-1812481 

R1-1812522
NR-U UL channels
Panasonic Corporation

R1-1812559
Physical layer design of UL signals and channels for NR unlicensed operation
LG Electronics

R1-1812652
Discussion on configured grants in NR-U
NEC

R1-1812660
On uplink signal and channel structures for NR-U
Nokia, Nokia Shanghai Bell

R1-1812780
UL signals and channels for NR-U
Lenovo, Motorola Mobility

R1-1812800
Considerations on UL signals and channels for NR-U
OPPO

R1-1812915
On UL signals and channels for NR-U
Apple Inc.

R1-1812976
Uplink signal and channel design for NR-U
Samsung

R1-1813061
Discussion on UL signals and channels in NR-U
Spreadtrum Communications

R1-1813205
UL channel and signal design for NR unlicensed operation
Sharp

R1-1813219
Design aspects of NR-U uplink signals and channels 
InterDigital, Inc.

R1-1813280
UL Physical Channel and Signal Design for NR Unlicensed Operations
CATT

R1-1813312
UL Signals and Channels for NR-U operation
NTT DOCOMO, INC.

R1-1813412
UL signals and channels for NR-U
Qualcomm Incorporated

R1-1813457
On UL signals and channels
Ericsson

R1-1813533
UL signals and channels for NR-U operation
WILUS Inc.

R1-1813893
Feature lead summary for UL Signals and Channels
Ericsson

Agreement:
· It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS).

· It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.

Agreement:
It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.
R1-1814137
Feature lead summary 2 for UL Signals and Channels

Ericsson
The text proposals in Sections 7.1 and 7.2 of R1-1814137 are endorsed for the TR.
Agreement:
It has been identified as beneficial for NR-U to introduce additional flexibility in configuring/triggering SRS compared to NR Rel-15. The following candidate enhancements have been discussed; design details can be further discussed when specifications are developed:

· Additional OFDM symbol locations for an SRS resource within a slot other than the last 6 symbols

· Interlaced waveform

· Additional flexibility in frequency domain configuration
Agreement:
Adopt the following text proposal for Section 7.2.1.2 of TR 38.889:

For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified:

-
Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition

-
Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.

1.1.1.4 Potential physical layer procedures 

1.1.1.4.1 Channel access procedures

R1-1812194
Coexistence and channel access for NR unlicensed band operations
Huawei, HiSilicon

R1-1812300
Discussion on the channel access procedures
vivo

R1-1812356
Channel access procedure in NR-U
MediaTek Inc.

R1-1812405
On channel access procedure for NR-U
Fujitsu

R1-1812425
Extensions for Channel Access Procedures
Motorola Mobility, Lenovo

R1-1812435
Discussion on Channel Access Mechanism for NR-U
ZTE

R1-1812482
Enhancements to channel access mechanism for NR-unlicensed
Intel Corporation

R1-1812560
Channel access procedure for NR unlicensed operation
LG Electronics

R1-1812661
Channel access and co-existence for NR-U operation
Nokia, Nokia Shanghai Bell

R1-1812718
Receiver assisted channel access procedure in NR-U
TCL Communication Ltd.

R1-1812738
Considerations on channel access for NR unlicensed operations
Sony

R1-1812801
Channel access procedures for NR-U
OPPO

R1-1812865
Channel access procedure enhancements for NR-U
AT&T

R1-1812913
Channel access procedures for NR-U
Apple Inc.

R1-1812977
Channel access procedure for NR-U
Samsung

R1-1813206
Channel access procedures for NR unlicensed operation
Sharp

R1-1813220
Channel access procedure and coexistence in NR-U 
InterDigital, Inc.

R1-1813281
Channel Access Procedures for NR Unlicensed Operations
CATT

R1-1813313
Channel access procedures for NR-U operation
NTT DOCOMO, INC.

R1-1813381
Channel access for UL Transmissions
Charter Communications

R1-1813413
Channel access procedure for NR-U
Qualcomm Incorporated

R1-1813458
Channel access mechanisms for NR-U
Ericsson

R1-1813496
Channel access procedure in NR-U
ASUSTEK COMPUTER (SHANGHAI)

R1-1813534
Channel access procedures for NR-U operation
WILUS Inc.

R1-1813565
Proposals for channel access procedures for NR-Unlicensed
Broadcom

R1-1813994
Feature Lead’s Summary on Channel Access Procedures
Nokia, Nokia Shanghai Bell
Agreement:
· For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)

	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:

· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 

total duration > 1 ms, 



	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


· To be captured into the TR:

· Note: Applicability of an LBT scheme other than Cat 4 for control messages related to initial/random access, mobility, paging, reference signals -only, and PDCCH-only transmissions, e.g. “RACH message 4”, handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. 
· Further discuss in the work item the aspects related to the note 
Agreement:
· At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 us between any two transmissions in the COT, the rules defined below apply for the DL burst following a UL burst:
	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 us 




Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 us. Transmissions from a gNB having a gap of more than 16 us are considered as separate DL bursts.
· FFS: The case where the gap between a DL and UL transmission may be larger than 25 us

Agreement:
· Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the rules defined below:
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec
Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:

· When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
· For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
· Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.


	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 us. Transmissions from a UE having a gap of more than 16 us are considered as separate UL bursts.
· Note: the number of LBT attempts within a COT should be discussed further during the WI.

Agreement:
· For initiation of a COT by the UE, following LBT schemes are used 

	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	UL
	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	
	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	
	RACH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	
	PUCCH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value


Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.

Note 2: Applicability of an LBT scheme other than Cat 4 for the following signals / channels have been discussed. 

· UL control information including UCI only on PUSCH, e.g.: 

· HARQ-ACK

· Scheduling Request

· Channel State Information

· Random Access

· Further discuss the aspects related to Note 2 in the work item
R1-1814176
Feature Lead’s Summary on Offline Discussion for Channel Access Procedures
Nokia, Nokia Shanghai Bell

Agreement:
Adopt the following text for the TR:

· Means to reduce or mitigate the impact of interference e.g. from hidden nodes with UE assistance have been studied. Possible mechanisms include at least:
· Enhancements to L1 measurement and reporting of interference observed by a UE 

· Handshaking procedures between transmitter and the receiver

· Further consideration is required regarding the detailed solutions and their benefits for mitigation of impact of interference on NR-U when the specifications are to be developed.
Agreement:
Adopt the following text for the TR:

· Means to facilitate spatial reuse, or frequency reuse 1 operation of NR-U have been studied. Possible mechanisms include at least:

· alignment of starting points for transmission (and consequently time instances for at least the last CCA)

· exchange and coordination of LBT related parameters amongst different NR-U gNBs or UEs

· means to determine whether interference originates from other NR-U nodes

· Enhancements to L1 measurement and reporting of interference observed by a UE

· adjustment of energy/signal detection thresholds

· Further consideration is required regarding the detailed solutions and their benefits for facilitating spatial reuse in NR-U when the specifications are to be developed, taking into account regulations.
Agreement:
Adopt the following text for the TR:

“Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported. 

Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied.

Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.”

Agreement:
Capture the following in the TR:

For FBE:
· gNB acquires COT with Cat2 immediately prior to the fixed frame period
· within the gNB acquired COT, if a gap is <= 16 us, Cat 1 can be used by the gNB and associated UEs
· within the gNB acquired COT, if a gap is > 16 us, Cat 2 should be used by the gNB and associated UEs
· Note: This is intended to be aligned with any regulations for FBE operation

1.1.1.4.2 Initial access and mobility

R1-1812195
Initial access in NR unlicensed
Huawei, HiSilicon

R1-1812301
Discussion on initial access for NR-U
vivo

R1-1812357
Initial access procedure in NR-U
MediaTek Inc.

R1-1812426
Initial Access and Diversity in RACH transmissions
Motorola Mobility, Lenovo

R1-1812436
Discussion on Initial Access and Mobility for NR-U
ZTE

R1-1812483
Enhancements to initial access and mobility for NR-unlicensed
Intel Corporation

R1-1812523
PRACH resource enhancement
Panasonic Corporation

R1-1812561
Initial access and mobility for NR unlicensed operation
LG Electronics

R1-1812698
On Initial Access and Mobility
Nokia, Nokia Shanghai Bell

R1-1812720
On Paging and RACH enhancements for NR-U
TCL Communication Ltd.

R1-1812739
Considerations on initial access and mobility for NR unlicensed operations
Sony

R1-1812802
Initial access and mobility for NR-U
OPPO

R1-1812866
Initial access and mobility for NR-U
AT&T

R1-1812978
Initial access and mobility procedure for NR-U
Samsung

R1-1813078
Discussion on initial access in NR-U
Spreadtrum Communications

R1-1813221
Discussion on Procedures for Initial Access and Mobility in NR-U 
InterDigital, Inc.

R1-1813282
Initial Access and Mobility for NR Unlicensed Operations
CATT

R1-1813314
Initial access and mobility for NR-U operation
NTT DOCOMO, INC.

R1-1813342
Handle of performing power ramping operation for the preamble retransmission
ITRI

R1-1813363
SSB transmission in NRU initial access
Beijing Xiaomi Mobile Software

R1-1813377
Paging Enhancements for NR-U
Charter Communications

R1-1813414
Initial access and mobility for NR-U
Qualcomm Incorporated

R1-1813459
On initial access, RRM, mobility and RLM
Ericsson

R1-1813535
Discussion on initial access for NR-U operation
WILUS Inc.

R1-1813579
Discussion on Initial access for NR-U
KT Corp.

R1-1813906
Feature lead summary #1 of initial access and mobility
Charter Communications

Agreement:
· It is considered beneficial to enhance paging opportunities using one or more of the following mechanisms:
· Increased time-domain paging occasions or paging monitoring occasions

· This can enable additional paging occasions outside of DRS 

· Note: Parts or all of the above enhancement may fall under RAN2 purview and may not require any further study in RAN1

Agreement: 

· It is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI.

· The exact definition of the metric(s) is left for the WI

· Note: The above is a confirmation of RAN2’s recommendation for the same

Agreement:
· For RLM, the following recommendations are considered beneficial for further design in the WI:

· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT

· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations

· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations

· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied. 

Agreement:
It is considered beneficial for the time-domain measurement windows for RRM measurements and RLM to be different

1.1.1.4.3 Potential HARQ enhancements

R1-1812196
HARQ enhancement in NR unlicensed
Huawei, HiSilicon

R1-1812302
Discussion on HARQ operation for NR-U
vivo

R1-1812358
Enhancements on HARQ for NR-U operation
MediaTek Inc.

R1-1812406
HARQ enhancements for NR-U
Fujitsu

R1-1812437
Discussion on Scheduling and HARQ for NR-U
ZTE

R1-1812484
Enhancements to HARQ for NR-unlicensed
Intel Corporation

R1-1812562
HARQ procedure for NR unlicensed operation
LG Electronics

R1-1812662
HARQ scheduling and feedback enhancements for NR-U
Nokia, Nokia Shanghai Bell

R1-1812740
Considerations on HARQ enhancements for NR unlicensed operations
Sony

R1-1812781
HARQ-ACK enhancement for NR-U
Lenovo, Motorola Mobility

R1-1812803
HARQ enhancements for NR-U
OPPO

R1-1812867
Potential HARQ enhancements for NR-U
AT&T

R1-1812898
Potential HARQ enhancements for NR-U
Panasonic Corporation

R1-1812979
HARQ enhancements for NR-U
Samsung

R1-1813070
Discussion on HARQ enhancements in NR-U
Spreadtrum Communications

R1-1813207
HARQ enhancement for NR unlicensed operation
Sharp

R1-1813222
HARQ enhancements for NRU 
InterDigital, Inc.

R1-1813315
HARQ enhancements for NR-U
NTT DOCOMO, INC.

R1-1813365
HARQ enhancement for NR-U
Beijing Xiaomi Mobile Software

R1-1813415
Potential HARQ enhancements for NR-U
Qualcomm Incorporated

R1-1813460
Potential HARQ enhancements for NR-U
Ericsson

R1-1813503
Discussions on HARQ enhancement for NR-U
CAICT

R1-1813580
Discussion on HARQ enhancements for NR-U
KT Corp.

R1-1813981
Feature lead summary of HARQ enhancement in NR-U
Huawei, HiSilicon

Agreement:
Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
Agreement:
It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT.

· Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.

Agreement:
Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.

	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)

Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI


Agreement:
The previous agreement on multi-TTI scheduling implies that NR-U should at least support scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant
Agreement:
In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.
R1-1814146
Feature lead summary of HARQ enhancement in NR-U
Huawei, HiSilicon
Agreement:
Capture the following in the TR:

· A possible enhancement for dynamic HARQ codebook is to support a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions, which is more likely to occur on unlicensed spectrum

· Enhancements are necessary for aligning the dynamic HARQ codebook between UE and gNB
· Alt. 1 allows triggering/requesting a report for missed or unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s)
· Alt. 2 allows reporting unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of HARQ-ACK feedback pending from earlier COT(s)
1.1.1.4.4 Potential enhancements to configured grants

R1-1813886
Summary of Potential Enhancement to Configured Grants
Intel Corp.
R1-1812197
Transmission with configured grant in NR unlicensed band
Huawei, HiSilicon

R1-1812303
Discussion on the enhancements to configured grants
vivo

R1-1812359
Discussion on NR-U Configured Grant
MediaTek Inc.

R1-1812438
Discussion on Configured Grant for NR-U
ZTE

R1-1812485
Enhancements to configured grants for NR-unlicensed
Intel Corporation

R1-1812563
Discussion on configured grant for NR unlicensed operation
LG Electronics

R1-1812653
Discussion on UL Signals and Channels in NR-U
NEC

R1-1812691
On support of UL transmission with configured grants in NR-U
Nokia, Nokia Shanghai Bell

R1-1812717
Discussion on multiplexing configured grants in NR-U
TCL Communication Ltd.

R1-1812741
Considerations on potential enhancements to NR-U configured grant
Sony

R1-1812804
Considerations on configured grant for NR-U
OPPO

R1-1812980
Enhancements on configured grant for NR-U
Samsung

R1-1813080
Consideration on configured grant transmission in NR-U operation
Spreadtrum Communications

R1-1813208
Potential enhancements to configured scheduling for NR unlicensed operation
Sharp

R1-1813223
Configured grant enhancements in NR-U 
InterDigital, Inc.

R1-1813378
UL BWP Management in NR-U
Charter Communications

R1-1813416
Potential enhancements to configured grants for NR-U
Qualcomm Incorporated

R1-1813461
Configured UL grant for NR-U
Ericsson

R1-1813597
Potential Enhancements to Configured Grants
Convida Wireless
R1-1813886
Summary of Potential Enhancement to Configured Grants
Intel

Agreement:
Adopt the following TP for the TR:

As for potential solutions to providing flexibility on time domain resource allocation, bitmap based approach and NR Rel-15 based time domain resource allocation approach, which includes {periodicity, offset in the frame, start symbol and length of PUSCH and K-repetition signaling}, are identified as potential candidates. Additional aspects such as finer granularity of resource allocation, and multiple resources within a period may be considered for enhancing flexibility on time domain resource allocation.
Agreement:
It was identified that CBG based retransmissions for configured grant based transmissions is beneficial. Details on which CBG related control information is transmitted as part of DFI and UCI, and how such control information is conveyed through DFI and UCI can be determined when standards are developed.
Agreement:
It was identified that collision avoidance between configured grant and scheduled grant based transmission can be achieved by management of starting point of the transmission for configured grant and scheduled grant based transmission. Further details on the management of the starting point of the transmission can be determined when standards are developed.
Agreement:
It was identified that the resources utilized by the UCI, and multiplexing of UCI and data information of PUSCH require consideration of DMRS placement and starting and ending symbols of the configured grant based transmissions. Details on multiplexing UCI and data information of configured grant PUSCH can be determined when standards are developed.
R1-1814121
Summary of offline discussions configured grants for NR-U
Intel

Agreement:
Adopt the following text for the TR:

· Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.

· It was identified that it is problematic for the UE to assume ACK in absence of reception of feedback, which may include explicit feedback or feedback in the form of uplink grants. It was additionally identified that assuming NACK upon timer expiration can be a candidate solution to avoid LBT impact on reception of feedback. It was also identified that possible conflicts, with respect to NDI and RNTI for the same HARQ process, between configured grant transmission and scheduled grant transmission may have to be addressed. Details can be determined when specification are developed.

Agreement:
Adopt the following text proposal to the TR:

· It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.

1.1.1.4.5 Others

R1-1812692
On Maximum TX Power for UL Interlace Structures
Nokia, Nokia Shanghai Bell

1.1.1.5 Others

R1-1812304
Discussion on sub-PRB interlace structure
vivo

R1-1812672
Spectrum utilization in unlicensed bands
Huawei, HiSilicon

R1-1812673
Performance evaluation of initial signals
Huawei, HiSilicon

R1-1812674
Inband leakage and blocking in wideband operation
Huawei, HiSilicon

R1-1812719
Wideband carrier usage for NR-U
TCL Communication Ltd.

R1-1813882
On the use of a preamble for NR-U
Ericsson

Revision of R1-1813462
R1-1813463
On interlace design for NR-U uplink
Ericsson

R1-1813464
On SRS design for unlicensed operation
Ericsson

R1-1813541
On Preambles for NR-U
Nokia, Nokia Shanghai Bell

