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Introduction
This document summarizes the main issues relevant to channel access according Previous meeting’s agreements:
	Channel Access related Agreements from RAN1#92bis:
Agreement:
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

Channel Access related Agreements from RAN1#93:
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:
· 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.

Channel Access related Agreements from RAN1#93:
Agreement: 
In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation




A total of 26 contributions [1-26] were submitted to Channel Access Agenda Item (7.2.2.4.1) for RAN1#94bis. 
Sub-topics

1 
2 
Frame structure / Multiple Switching points (type of LBT in DL-UL and UL-DL switching points)

	Intel [11]:
· Motivated by Rx assisted LBT scenarios, the following and combinations thereof should be supported within a COT 
· Multiple switching points allowing multiple DL and UL transmissions.
· Multi-user orthogonal downlink transmission using OFDM and single-user uplink transmission 
· Multi-user spatial downlink transmission (MU-MIMO) and single-user uplink transmission. 
· Further study is proposed for COT definition considering multi-user transmission. 
· Further study is proposed for supporting UL multi-user transmission within a COT.
Samsung [12]:
· No-LBT option can be used at DL/UL switching point within the shared COT if the gap duration is within 16μs.
Nokia, NSB [8]:
· Study and evaluate no-LBT as one channel access option for shared gNB initiated COT with single switching point.
· CP extension, Timing Advance, and symbol puncturing are feasible ways of creating a gap of less than 16 us between DL and UL transmissions (or vice versa) in NR-U, and should be supported.
OPPO [13]:
· Allow multiple DL to UL and UL to DL switching gaps and one-shot LBT is used for the gap exceeds 25us within a shared gNB COT.
· 
Ericsson [20]: 
· Enabling COT sharing as defined in EN 301 893 does not cause any coexistence issues with Wi-Fi.
· In NR-U, a gap of 16 us should be allowed within the transmission exchange between an initiating and responding node to accommodate for the hardware turnaround time.
· A responding node may proceed with transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 µs after the last initiating node transmission.
Qualcomm [19]: 
· NR-U supports multiple channel access mechanisms and the usage is configurable by operator to follow local regulations for the band NR-U is deployed in.
· A new No-LBT mode is also introduced in NR-U which can be used at least for exchange of control information between ongoing data transmission of a node if the switching time is less than 16us
· NR-U supports multiple LBT types. For UL, the gNB may indicate to the UE, dynamically or semi-statically, the type of LBT to be used by the UE for a transmission (or) type of transmission.
· The starting points for UL transmissions in NR-U should be specified consistent with ETSI specifications.
Huawei, HiSilicon [1]:	
· NR-U can also exploit shared MCOTs with single or multiple switching points or bi-directional slot formats for timely transmission of feedback in PDCCH or PUCCH (see details in section 2.2 and 2.3 of this summary)
Sony [9]: 
· Observation 1: The total number of switching points within the shared TxOP shall be limited.
· Observation 2: LBT requirements for each DL to UL switching is relevant to gNB/UE capability and gap length.
· Observation 3: The number of one-shot LBT(s) required for gap durations greater than 25us is not fixed.
· Proposal 4: Study and evaluate if shared COT with multiple switching points can be allowed for NR-U in specific scenarios, e.g. if reducing the COT duration.
· Proposal 5: Study the total number of switching points within the shared TxOP by taking into consideration gNB/UE capability, numerology, channel access priority class and corresponding QoS requirements.
· Proposal 6: Study the necessity of channel access requirements at the switching point.
· Proposal 7: The number of one-shot LBT(s) required for gap durations greater than 25us should be associated with the exact gap duration and the transmission durations.
Interdigital [18]: 
· Proposal 1: NR-U should take advantage of the regulatory allowance for transmission with no-LBT for gaps shorter than 16µs and with LBT Cat-1 for gaps shorter than 25µs at least for transmission of PUCCH or PRACH (see details in 2.2 & 2.3)
Charter Communications [22]:
· Proposal 1: No-LBT can be used for PUSCH transmissions commencing within 16 µs of the end of the preceding DL transmission, regardless of which DL slot in the same COT transmitted the UL grant.
· Observation 1: In EN 301 893, there is no limitation on the duration of an UL transmission that is permitted to use the no-LBT option, provided the 16 µs gap restriction is met.
· Proposal 2:  The same LBT options that are available for PUSCH are made available for short and long PUCCH (regardless of payload content or size), provided the various gap requirements are satisfied.
NTT DOCOMO [23]:
· Proposal 3: RAN1 needs to discuss what type of LBT should be specified for different situations, e.g., initial DL/UL transmission for a COT, COT sharing transmission with a gap length 16 to 25 us and COT sharing transmission with a gap less than 16 us and for different physical channels, e.g., PRACH, PUCCH and DRS.
· Adding other situations and channels is not precluded for specific channel access mechanism


Discussion:
Frame structure related aspects, and in particular the type of LBT when switching the transmission from DL to UL or vice versa were discussed in several contributions. Moreover, there was significant overlap with the contributions submitted to AI 7.2.2.2, and discussed in the corresponding summary document by the feature lead. 
Proposal 1: Further discussion on channel access for switching points within a COT can be had based jointly with the contributions submitted to other AIs
Channel Access specific to different DL channels
	MediaTEK [5]:
· Study if following signals can be regarded as Short Control Signaling Transmissions and whether they can be transmitted without channel sensing. 
· PDCCH-only transmission: e.g. short-message paging 
· Paging 
· RACH messages 

Samsung [12]:
· Single-shot LBT or CAT-4 LBT with high LBT priority class can be used to grant transmission of a SS/PBCH block, or consecutive SS/PBCH blocks. 
· Study the LBT procedure and the impacts of LBT overhead for SSB mapping patterns of NR-U.
· Msg2 and Msg4 of NR-U random access can use CAT-4 LBT, and Msg3 can share MCOT of RAR subject to single-shot LBT.
Nokia, NSB [8]: 
· Proposal 7: DRS transmission including SSB(s) and RMSI (or OSI/Paging + other signals like CSI-RS) is confined within 1 ms and at below 7 GHz uses an LBT without random back-off.
OPPO [13]:
· Proposal 2: One-shot LBT for SSB duration less than 1ms and Cat-4 LBT with the highest priority for SSB duration larger than 1ms should be used for SSB transmission without PDSCH
AT&T [10]: 
· For time-sensitive transmissions that are short in duration (e.g. SSB), channel access without LBT should be studied. 
MOT / Lenovo [23]: 
· Msg 2 channel access is based on type 1
· The RAR Grant conveyed by Msg 2 needs to include
· an indicator for the channel access type and priority class applicable to Msg 3
· an indicator for the number of Msg 3 transmission opportunities granted to the UE
WILUS [24]: 
· For NR-U DRS, Cat-2 LBT should be used for SS/PBCH block(s) without PDSCH and Cat-4 LBT should be applied to SS/PBCH block(s) with scheduled PDSCH in a single contiguous burst.
Huawei, HiSilicon [1]:
· Proposal 4: No-LBT option can be used with the transmission of following NR-U DL physical signals/channels in the given circumstances:
· PDCCH within COT if the gap is less than 16µs
· PDSCH within gNB-acquired COT if the gap is less than 16µs 
· Proposal 5: CAT 2 LBT option can be used with the transmission of following NR-U DL physical signals/channels in the given circumstances:
· DRS consisting of SSB only or SSB multiplexed with corresponding RMSI/CSI-RS
· FFS: For which DRS periodicity.
· PDCCH not multiplexed with PDSCH; DL-to-UL COT sharing is not allowed
· PDCCH within COT if the gap is above 16µs but not exceeding 25µs  
· PDSCH within gNB-acquired COT if the gap is above 16µs but does not exceed 25
· Proposal 6: CAT 4 LBT option can be used with the transmission of following NR-U UL (Editor: DL?) physical signals/channels in the given circumstances:
· PDCCH not multiplexed with PDSCH assuming high channel access priority is assumed
· FSS: DL-to-UL COT sharing is not allowed
· PDCCH not multiplexed with PDSCH assuming same or lower channel access priority than that of COT-sharing PUSCH(s) is assumed
· PDCCH multiplexed PDSCH(s); the lowest priority class of multiplexed PDSCH(s) is assumed
· PDSCH outside of the UE-acquired COT
Sony [9]:
· Proposal 1: NR-U to use prioritized access LBT for specific signals, e.g. usage of single-shot LBT or CAT-4 LBT with high LBT priority class, or adjusted energy detection threshold. Candidate signals to adapt LBT and/or energy detection threshold for prioritized access include e.g. DRS and RACH msg 2/4 for downlink and e.g. UCI and RACH msg 1/3 for uplink.
Sharp [17]:
· Proposal 1: 25us one-shot LBT can be used for NR-DRS transmission if the total length of the NR-DRS is shorter than or equal to LAA discovery signal without PDSCH.
· Proposal 2: RACH Msg 2 and 4 follows the channel access procedure for unicast PDSCH transmissions.
Ericsson [20]:
· Proposal 4: DRS should be allowed the same channel access rules as in LTE-LAA
· A single idle sensing interval is used for the LBT procedure prior to transmission of the DRS that has a duration shorter than 1ms.
vivo [4]:
· Proposal 7: Regarding the channel access scheme for NR-U DRS, the following options can be considered:
· Alt1: New channel access scheme should be designed if the duration of NR-U DRS is longer than 1ms;
· Alt2: Restrictions on TDM multiplexing pattern for SSB and RMSI CORESET should be considered for NR-U DRS


Discussion:
Several companies pointed out the benefits of using 25 us single short LBT or no LBT for transmission of SS-Block / DRS and RACH response. However, further study seems necessary, taking co-existence into account. 
Proposal 2: Candidate DL signals to be transmitted with single-shot LBT include DRS/SS-Block, RACH Messages, Paging, RMSI. FFS: duration and periodicity of such signals.  
Channel Access specific to different UL channels:
	MediaTEK [5]: 
· Proposal 1: NR-U discusses whether the following signals can be regarded as Short Control Signaling Transmissions and whether they can be transmitted without channel sensing.
· PDCCH-only transmission: e.g. short-message paging 
· Paging 
· RACH messages
· Proposal 2: No-LBT or one-shot-LBT can be applied to PRACH transmission.
· Proposal 3: If Cat.4 LBT is applied to Msg2/3/4 in RACH, channel access priority class (CAPC) can be decided by the purpose of RACH. 
Intel [11]: 
· The use of no LBT is restricted to transmissions containing UCI only and/or whose duration does not exceed N number of symbols or us. The exact number N is FFS
OPPO [13]: 
· Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.
· Proposal 6: No LBT or one-shot LBT should be applied within a shared gNB COT and Cat-4 LBT with the highest priority should be applied outside a gNB COT for PUCCH or SRS transmission.
AT&T [10]: 
· For time-sensitive transmissions that are short in duration (e.g. HARQ response), channel access without LBT should be studied.
InterDigital [18]: 
· NR-U should take advantage of the regulatory allowance for transmission with no-LBT for gaps no longer than 16µs and with LBT Cat-1 for gaps no longer than 25µs at least for transmission of PUCCH or PRACH.
· NR-U should investigate the possibility of supporting multi-user transmission in UL and the associated LBT mechanism
· Proposal 4: A UE should be allowed to transmit a PUCCH resource subject to LBT category-1 or -2 as long as the downlink transmission before the PUCCH resource is less than 25µs.
· Proposal 5: If a UE has accumulated HARQ feedback for several preceding PDSCHs, the UE should be allowed: a) to prioritize PUCCH transmission carrying HARQ ACK codebook in CWS procedure, or b) to transmit PUCCH with a higher-priority LBT category.  
DOCOMO [23]: 
· Channel access procedure to send PRACH and PUCCH in unlicensed band should be considered for stand-alone and dual-connectivity scenarios in NR-U.
MOT / Lenovo [23]: 
· PRACH should be allowed to use channel access type 2 or no LBT.
QCOM [19]: see the Table below.
	Channel/LBT mode
	Cat-4 LBT
	One-shot LBT
	No-LBT (new for NR)

	Short PUCCH
	TBD
	Yes
	Yes

	Long PUCCH
	TBD
	Yes
	TBD

	SRS
	Yes, if Tx with PUSCH outside TxOP.
	Yes
	Yes

	PUSCH
	Yes. Outside TxOP
	Yes
	Yes, for switching from DL control between UL data of same UE

	PRACH (wasn’t considered in eLAA)
	TBD
	Yes
	



Huawei, HiSilicon [1]:
· Proposal 1: No-LBT option can be used with the transmission of following NR-U UL physical channels in the given circumstances:
· PRACH when scheduled PRACH occasion lies within a gNB-acquired COT if the gap is less than 16µs
· PUCCH of short duration within a COT or transmitted independently carrying HARQ ACK or SR
· PUSCH within gNB-acquired COT if the gap is less than 16µs 
· Proposal 2: CAT 2 LBT option can be used with the transmission of following NR-U UL physical channels in the given circumstances:
· PRACH when scheduled PRACH occasion lies within a COT and the gap is above 16µs but does not exceed 25µ
· A PUCCH of short duration within a COT or transmitted independently carrying HARQ ACK or SR
· PUSCH within gNB-acquired COT if the gap is above 16µs but does not exceed 25µ
· Proposal 3: CAT 4 LBT option can be used with the transmission of following NR-U UL physical channels in the given circumstances:
· PRACH when scheduled PRACH occasion lies outside a COT
· FSS: High channel access priority is assumed
· PUCCH of long duration/carrying large UCI payload (e.g. CSI feedback) transmitted independently
· FSS: High channel access priority is assumed
· PUCCH frequency-multiplexed with PUSCH outside of a COT
· PUSCH outside of gNB-acquired COT
LGE [2]:
· Proposal #5: In order to handle PRACH block issue due to TA difference between FDMed PUSCH/PUCCH and PRACH, consider following options:
· Option 1: Adjusting the starting position of PUSCH/PUCCH transmission in RACH slot
· Option 2: Adjusting the duration of CCA slot or TA value for PRACH transmission
Samsung [12]:
· Proposal 12: Single-shot LBT can be used as the LBT option for NR-U PRACH.
· Proposal 13: Msg2 and Msg4 of NR-U random access can use CAT-4 LBT, and Msg3 can share MCOT of Msg2 subject to single-shot LBT.
Charter Communications [22]:
· Proposal 1: No-LBT can be used for PUSCH transmissions commencing within 16 µs of the end of the preceding DL transmission, regardless of which DL slot in the same COT transmitted the UL grant.
· Observation 1: In EN 301 893, there is no limitation on the duration of an UL transmission that is permitted to use the no-LBT option, provided the 16 µs gap restriction is met.
· Proposal 2: The same LBT options that are available for PUSCH are made available for short and long PUCCH (regardless of payload content or size), provided the various gap requirements are satisfied.
· Proposal 3a: One-shot LBT is permitted for msg1 transmission, at least within a shared COT.
· Proposal 3b: One-shot LBT is permitted for msg1 transmission when the UE has not acquired COT information, if the per-UE msg1 total transmission durations over a window of 50 ms are no more frequent than the EN 308 893 short control signaling transmissions limit, i.e., 2.5 ms.
· Proposal 4: Reuse eLAA principles for aperiodic SRS channel access.
NTT DOCOMO [23]: 
- Proposal 3: RAN1 needs to discuss what type of LBT should be specified for different situations, e.g., initial DL/UL transmission for a COT, COT sharing transmission with a gap length 16 to 25 us and COT sharing transmission with a gap less than 16 us and for different physical channels, e.g., PRACH, PUCCH and DRS.
- Adding other situations and channels is not precluded for specific channel access mechanism
Nokia, Nokia Shanghai Bell [8]
· Proposal 8: Outside gNB acquired COT, candidate UL signals to be transmitted without LBT or with single-shot LBT include RACH related UL transmissions and SRS. FFS: duration and periodicity of such signals.


Discussion:
Several companies mentioned that UCI (on PUCCH of either short or long duration), SRS, and RACH related transmissions could potentially be transmitted without Cat 4 LBT outside of a gNB-acquired COT. Within a gNB-acquired COT, there may be no need to distinguish between different types of UL signals when considering the type of LBT applied, provided that the DL-UL gap is the same. More discussion on the details seems necessary, considering especially co-existence.
Proposal 3: Candidate UL signals to be transmitted without LBT or with single-shot LBT include RACH preamble and Msg 3, PUCCH, and SRS. 
· FFS: duration and periodicity of such signals. 
· FFS: which of the options are allowed within and outside of a gNB-acquired COT


LBT for Wideband (>20 MHz) operation

	Huawei, HiSilicon [1]: 
· Proposal 7: In addition to subband LBT (e.g. 20 MHz), wideband LBT spanning more than one 20 MHz channel should be supported for wideband operations of NR in the unlicensed spectrum, in order to reduce the LBT complexity and energy consumption, especially when accessing multiple wideband carriers.   
· Proposal 8: Semi-static and dynamic adaptation of LBT bandwidth should be studied for wideband operations of NR in the unlicensed spectrum. 
· Proposal 11: It could be considered to map the CB in a frequency first order within per subband, which is beneficial for improving retransmission efficiency and accurately adjusting CWS for per subband when CBG based HARQ-ACK feedback is applied
Vivo [2]: 
· Both BWP-specific and subband LBT scheme should be investigated for NR unlicensed spectrum 
· The bandwidth of the UL BWP can be considered as the maximum nominal channel bandwidth for UE in the NR unlicensed spectrum.
· The energy detection threshold should be modified to adapt to the BWP-specific LBT schemes. 
MTK [5]: 
· Both CA and BWP operations should be adopted to NR-U for wideband operation. 
· Study LBT for BWP operation 
Fujitsu [7]: 
· Sub-band LBT similar to LTE-LAA multi-carrier LBT for less standardization work.
· For a single carrier with the bandwidth larger than 20 MHz, NR-U needs to support dynamic bandwidth adaptive to sub-band LBT results for achieving the high spectrum efficiency. 
ZTE [3]: 
· LBT on wideband/BWP (e.g., multiple 20MHz subbands) can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner. But some problems need to be considered such as the mismatching between configuration information and actual transmission bandwidth
Sony [7]: 
· Proposal 2: Study how to perform LBT among a multiple of configured sub-bands in order to support prioritization between multiple configured sub-bands for transmissions over a wideband carrier or BWP. 
CATT [9}:
· For sub-6G band, operating LBT in 20MHz should be considered. 
· For above-6G band, performing LBT in integer multiples of 20MHz can be considered to balance implementation complexity and spectrum utilization
LGE [2]: 
· Study BWP operation for NR-U considering the relationship between LBT unit bandwidth (i.e., 20 MHz) and BWP bandwidth and transmission/reception behaviour when BWP includes multiple LBT units.
Intel [11]: 
· For wideband CCA, LTE LAA multi-carrier LBT options are used by assuming 20 MHz virtual channelization within an NR wideband carrier.
Nokia, NSB [8]: 
· Proposal 10: Existing multi-channel LBT operation defined in ETSI or LTE-LAA can be used as baseline channel access mechanism for NR-U with wider bandwidth for sub-7 GHz unlicensed bands.
· Proposal 11: LBT for wider bandwidth operation should be studied considering bandwidth adaptation, including operation with both Carrier Aggregation as well as Bandwidth Parts.
Samsung [12]:
· Proposal 5: Sub-7 GHz NR-U can allocate a single carrier and BWP in the units of 20 MHz for fair coexistence with Wi-Fi. 
· Proposal 6: BWP-specific LBT/sub-band LBT can be supported for NR-U LBT over a wideband carrier, with multi-carrier LBT of LTE-LAA as the baseline procedure.
· Proposal 7: CORESET configuration and CB allocation can be enhanced to support sub-band LBT for NR-U

InterDigital [18]: 
· For NR-U the aggregated 20MHz channels can be non-contiguous and the wideband LBT procedure need not have a nested structure. 
· The feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
Apple [16]:
· Observation 1: dynamic BW adaptation in NR-U can be supported by both BWP switching and component carrier activation/deactivation together with sub-channel based LBT at gNB side.
· Proposal 1: NR-U support narrow band monitoring from UE side, where UE only monitors scheduling information on single “primary” sub-channel configured by the network.
· Proposal 2: For dynamic BW adaptation in NR-U using BWP switching, consider introducing sub-channel bonding rule.
· Proposal 3: NR-U to support UE-assisted channel selection
Sharp [17]:
· Proposal 4: It is beneficial to support N * 20MHz LBT (N>1).
ITRI [21]: 
· Proposal: Both CA and BWP operations should be supported in NR-U for wideband operation.
Convida Wireless [25]:
· Proposal 5: In NR-U, it is beneficial to support sub-band operation. Further study is needed to support such operation mode.
· Proposal 6: NR-U should study the impact of supporting sub-band operation on NR procedures and configurations such as CORESET monitoring.



Discussion:
Multiple companies pointed out the need to support both sub-band LBT (per 20 MHz) following LAA multi-CC framework (as already agreed in RAN1#92bis), and wideband (n * 20 MHz) LBT. Moreover, need to adapt operating BW (Tx/Rx) based on the outcome of sub-band specific LBT was pointed out. However, the time scale of NR Rel-15 BWP operation does not match well the needs for dynamic BW adaptation in NR-U, and some enhancements to BWPs should be considered. 
Proposal 4. Discuss further the support for wideband (n * 20MHz) LBT, in addition to per-20 MHz LBT already agreed in RAN1#92bis.
CWS adjustment:
	Huawei, HiSilicon [1]: 
· Proposal 9: When CBG based HARQ-ACK is configured, all CBG-ACKs of the same TB could be converted into a virtual TB-ACK for CWS adjustment.
· Proposal 10: The processing timeline to determine a UL reference slot should be redefined by considering various slot lengths and SCS values.
· Proposal 11: It could be considered to map the CB in a frequency first order within per subband, which is beneficial for improving retransmission efficiency and accurately adjusting CWS for per subband when CBG based HARQ-ACK feedback is applied. 
LGE [2]: 
· Proposal #1: For CWS adjustment considering CBG-based (re)transmission,
· For DL, HARQ-ACK values corresponding to N CBGs which are scheduled/transmitted to the most advanced time domain resource within reference DL resource are used.
· FFS for the value of N and reference DL resource
· FFS for the case when TB-based PDSCH and CBG-based PDSCH are mixed in reference DL resource
· For UL, NDI and/or CBGTI values corresponding to M CBGs which are scheduled/transmitted to the most advanced time domain resource within reference UL resource are used.
· FFS for the value of M and reference UL resource
· Proposal #2: If a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable.
· Proposal #3: For CWS adjustment with wideband (>20 MHz) operation including BWPs, consider at least following cases.
· Case 1: Scheduled resource for PDSCH/PUSCH in frequency domain is overlapped with multiple units of 20MHz.
· Case 2: Active BWP is changed 
Intel [11]:
· The baseline LTE LAA CWS adaptation mechanism is enhanced to accommodate the new CBG based HARQ ACK feedback supported in NR.
Nokia, NSB [8]: 
· Detailed solutions for CWS adjustment procedure is to be discussed in WI phase.
Ericsson [20]:
· Proposal 5 Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback comes on unlicensed spectrum. 
MOT / Lenovo [14]:
· Contention Window Adjustment procedures need to be extended to include at least successful/unsuccessful Msg 2 and Msg 3 transmissions of the random access procedure.
WILUS [24]:
· Proposal 2: When CBG-based transmission is used for NR-U operation, it is necessary to deal with TB-based A/Ns and CBG-based A/Ns separately, in calculating the NACK ratio for updating CWS. 
vivo [4]:
· Proposal 6: The reference slot for CWS adjustment can be defined as:
· Alt1: Reference slot is the starting DL slot of the most recent transmission before the next LBT.
· Alt2: Reference slot is the DL slot corresponding to HARQ feedback with a certain K1 value in the latest UL slot before the next LBT.
CATT [6]:
· Proposal 6: CWS can be adjusted based CBG-ACK corresponding to the first CB group or NACK ratio of CBG-ACKs in the reference subframe.
Fujitsu [7]:
· Proposal 4: The impacts of dynamic bandwidth on CWS adjustment need to be studied.
Sony [9]:
· Proposal 3: In addition to baseline LAA functionality, the CWS adjustment procedure in NR-U should additionally consider receiver assisted LBT.
Samsung [12]:
· Proposal 1: CWS adaptation can be based on the HARQ-ACK values for the first slot of the most recent transmission burst, wherein at least some HARQ-ACK feedbacks corresponding to the first slot within this burst is expected to be available by the time gNB performs CWS adaptation.
· Proposal 2: CWS is increased to next available value if at least 80% of the TBs transmitted in the reference slot are determined as NACK; and a TB with CBG-based feedback is determined as NACK if the HARQ-ACK value for the first transmitted (or re-transmitted) CBG is NACK.
· Proposal 3: The minimum latency between the slot in which UE receives UL grant or DFI and the reference slot should be defined.
oppo [13]: 
· Proposal 7: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment for PUSCH transmission. 
· Proposal 8: CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth.
InterDigital [18]:
-  Proposal 5: If a UE has accumulated HARQ feedback for several preceding PDSCHs, the UE should be allowed: a) to prioritize PUCCH transmission carrying HARQ ACK codebook in CWS procedure, or b) to transmit PUCCH with a higher-priority LBT category.  
Qualcomm [19]: 
· Proposal 9: The CWS adjustment rules for NR-U require clarifications after further discussing considering sub-band level granularity of transmissions and HARQ feedback, variable timeline of HARQ feedback and variable granularity of HARQ feedback.


Discussion:
Further details for CWS adjustment were provided by multiple companies. Given that this topic is essentially linked to the frame structures and scheduling and HARQ operation for NR-U, it seems the discussion on the remaining details can be postponed until there are more related agreements in that AI.
Proposal 5: Continue discussion on the details of CWS adjustment taking into account the decisions on NR-U frame structure as well as scheduling and HARQ operation.
Beamformed transmissions and directional LBT:
	Huawei, HiSilicon [1]: 
· Observation 1: More evaluations are needed for quasi-omnidirectional and directional for sub7GHz.. 

vivo [4]: 
· Proposal 1: Beam-specific LBT scheme should be investigated for NR unlicensed spectrum. 
ZTE [3]: 
· Directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission.
· Channel condition difference for different beams should be considered when designing the channel access mechanism for MCOT sharing between DL and UL in NR unlicensed spectrum.
Sony [9]: 
· Study directional LBT and measurement mechanism to alleviate hidden node problem especially on the higher frequency bands.
CATT [6]: 
· Observation 1: Directional LBT will provide an additional dimension of channel access opportunities than that of omnidirectional LBT.
· Observation 2: With directional LBT, hidden nodes issue can be aggravated.
· Observation 3: Directional LBT with RTS/CTS type handshaking can mitigate the hidden node issue. However, the gNB cannot determine the channel occupancy time of hidden nodes, which should be studied further.
· Observation 4: Directional LBT should be studied further in case that the Tx/Rx  beam correspondence is not ensured.
· Proposal 1: The coexistence performance of NR-U with directional LBT and other systems with omnidirectional LBT should be carefully evaluated. 
Samsung [12]: 
· Proposal 4: Support directional LBT at least for NR-U/NR-U coexistence, and further evaluate the directional LBT performance and corresponding hidden/exposed node effects 
· Proposal 14: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
OPPO [13]:
· Proposal 9: Study directional LBT for SSB transmission. 
· Proposal 10: Study directional LBT for data transmission. 
AT&T [10]: 
· Proposal 8: Beam based channel access should be studied for improving channel reuse 
Sharp [17]: 
· Proposal 3: Directional LBT should be studied. 

Convida Wireless [25]:
· Observation 1: Self-interference among collocated TRPs/panels can negatively affect the deployed channel access procedure.
· 
· Proposal 1: NR-U should study directional LBT procedures specially in above 6 GHz frequency band.
· Proposal 2: NR-U should study different procedures to effectively align LBT procedures prior transmission across different beams. Similar framework to conduct LBT in LTE-LAA for multiple carriers can be the baseline to conduct LBT across multiple beams.
· Proposal 3: NR-U should study effective ways to maintain the advantage of flexible frame structure, i.e., allowing different start/end points for different beams, while reducing transmission interruption on other active beams.
· Proposal 4: NR-U should study procedures to conduct directional LBT procedures when signal or data (for example, SSB) is consecutively transmitted on different beams with no or limited time gap to conduct LBT. 
Nokia, NSB [8]:
· Observation 2: single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz 
· Proposal 9: Directional LBT is not supported for NR-U in sub-7 GHz
NTT DOCOMO [23]:
· Proposal 1: Beam switching in a COT is allowed in NR-U operation.
· RAN1 needs to discuss on Channel access procedures for beam switching in a COT.


Discussion:
Several companies expressed interest in directional LBT for especially higher frequency bands, while some other companies stated that the benefits of directional LBT should be clarified further. It was also pointed out that the need for multi-beam operation at sub-7 GHz is unclear.
Proposal 6: More discussion is needed on the need for directional LBT (and multi-beam operation in general) at sub-7 GHz. 
LBT mechanisms facilitating spatial reuse:
	Huawei, HiSilicon [1]: 
· Proposal 12: The following mechanisms for enhancing the spatial reuse should be studied:
· Methods to determine whether interference originates from otherNR nodes, by transmission/detection of:
· NR-U signals
· Zero-power resource elements
· LBT for transmission alignment among coordinated NR nodes 
vivo [4]:
· Proposal 4: Coordinated LBT scheme should be investigated for NR unlicensed spectrum 
TCL Communications [15]:
· UL: gNB to signals the LBT parameters to the UE, common back-off counter value for a group of UEs
MediaTek [5]:
· The areas in LAA/eLAA that have not been fully addressed or can be further improved include the lack of support for intra-RAT tight frequency reuse 
ZTE [3]: 
· Proposal 1: Frequency reuse/multiplexing should be supported in NR-U and some methods of frequency reuse/multiplexing can be considered such as blank pattern method

LGE [2]:
· Proposal #6: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.
· Proposal #7: Study more efficient coexistence strategies between NR-U networks in an unlicensed band where Wi-Fi or other RATs don’t reside..
AT&T [10]: 
· Proposal 3: A common preamble design should be studied for new bands 7 GHz and below
· Proposal 4: The common preamble may be based on the IEEE 802.11ax preamble or a common new design
· Proposal 5: NR-U should adopt the legacy Wi-Fi preamble and ED/PD mechanism as an option for 5 GHz bands
· Proposal 6: Wi-Fi preamble and ED/PD mechanism should be used adaptively on a slow time scale
· Proposal 7: Mechanisms for improving intra and inter-operator NR-U sharing should be considered 
InterDigital [18]:
· NR should study ways to perform handshaking between NR-U gNB and UEs to enhance coexistence and channel access efficiency. 
· NR-U should study the possibility of channel usage information exchange among competing devices to enhance channel access efficiency.
· NR-U should study the feasibility of presence of a preamble before transmission of any control channel (e.g. PDCCH or PUCCH) that carries channel status/usage information.
Sharp [17]: 
· There may not be a clear benefit to introduce Wi-Fi-like preamble.
Ericsson [20]: 
· Observation 3: Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
· Proposal 7: Having a common ED threshold among different technologies is a key aspect for a better coexistence.
· A technology may still use a technology-specific preamble for detection at a threshold lower than the common ED threshold.
Ericsson [26][27]:
· .
· Observation 1: Adopting the 802.11a preamble does not guarantee power saving gains for NR-U. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations.
· Observation 2: Lower spatial reuse among NR-U nodes is expected if 802.11a preamble is used.
· Observation 3: Use of the 802.11a preamble DL burst identification has significant disadvantages
· Observation 4: Coexistence is better with scenario dependent parameter adjustments for NR-U as compared to addition of an 802.11a preamble.
· Observation 5: Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted.
· Observation 6: The use of a preamble significantly compromises key features of NR-U such as frequency multiplexing of uplink transmissions with a fine granularity and robust coverage.
· Proposal 1: NR-U should not consider adoption of preambles of other technologies.

Qualcomm [19]:
· Proposal 6: NR-unlicensed supports channel usage indicator transmission for more accurate transmission coexistence. The CUI includes NAV information and identifies the CUI is for transmission or reception.
· Proposal 7: If CUI detection is supported for asynchronous deployment, use wake-up signal as a preamble to assist the CUI detection.
· Proposal 8: In defining channel access procedures in NR-U, we propose that interference alignment be utilized along with interference avoidance.


Discussion:
Multiple companies pointed out the benefits of coordinating and aligning the time instances when LBT is performed to facilitate spatial reuse. Also, the potential benefits of a preamble, allowing for detection of other NR-U transmissions was pointed out. The merits of using Wi-Fi preamble were also evaluated in one contribution, based on which the benefits were not clear. Since a preamble NR-U would serve many potentially several purposes (including detection of a transmission burst, UE power saving, signalling of COT structure …) discussed under other agenda items, it seems best to consider all related aspects jointly. Also, the need for efficient and accurate coexistence mechanisms was raised, including channel usage information (CUI).       
Proposal 7: Alignment of starting points for transmission (and consequently time instances for LBT) can help in facilitating spatial reuse. 
Proposal 8: The need for a preamble to facilitate spatial re-use is discussed jointly with other related AIs (frame structure, DL channels and signals)

Receiver assisted LBT:
	Huawei, HiSilicon [1]: 
· Observation 2: In order to decide whether to introduce a receiver-assisted LBT mechanism such as RTS/CTS-like in NR-U, a number of technical issues need to be resolved. 
MediaTek [5]:
· The areas in LAA/eLAA that have not been fully addressed or can be further improved include the lack of support for LBT in directional transmission/reception 
ZTE [3]: 
· Proposal 4: For directional LBT manner, some receiver assistance methods (e.g., the receiver perform a directional LBT and send out a short indication signal) should be supported to help mitigation of potential hidden node issue.
Apple [16]: 
· Proposal 3: NR-U to support UE-assisted channel selection 
Intel [11]: 
· Motivated by Rx assisted LBT scenarios, the following and combinations thereof should be supported within a COT: 
· Multiple switching points allowing multiple DL and UL transmissions.
· Multi-user orthogonal downlink transmission using OFDM and single-user uplink transmission 
· Multi-user spatial downlink transmission (MU-MIMO) and single-user uplink transmission. 
Samsung [12]: 
· NR-U can support LBT with handshake mechanism as a fair and efficient channel access scheme, and further investigate the details for handshake exchange procedure and handshake message design.
Nokia, NSB [8]: 
· Proposal 4: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
· Proposal 5: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.
AT&T [10]: 
· Proposal 10: The NR-U SI should study Closed-Loop LBT techniques which utilize licensed spectrum signaling and UE sensing feedback for avoiding hidden/exposed node problems and to enable efficient spectrum utilization through multi-user MIMO and multi-cell reuse-1 transmissions 
Sharp [18]: 
· Observation 1: RTS/CTS type mechanism may not be very suitable for a use with multi-user scheduling and/or frequency reuse.
DOCOMO [23]: 
· Proposal 2: NR-U should support on-demand receiver assisted LBT. Detection method of the hidden nodes existence should be further investigated.
Ericsson [20]: 
· Observation 3: Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
· Observation 4: Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design
· Proposal 6: Receiver assisted LBT should only be considered if it is proven that it provides significant system level performance gains

TCL Communication Ltd. [15]:
· Observation 1: Efficient RTS/CTS mechanism requires UE-specific triggering of RTS/CTS handshake.
· Proposal 1: RTS can be send to multiple UEs via a single message for instance in a (group-)common search space on PDCCH.
· Proposal 2: RTS message contains information to allow synchronous UL for transmission of CTS message(s).
· Proposal 3: To reduce RTS overhead, UEs can be configured to periodically send CTS message within a COT.





Discussion:
A number of companies expressed interest introducing in RTS/CTS-like procedure (know from e.g. Wi-Fi) to e.g. avoid issues with hidden nodes. On the other hand, some companies also point out possible issues related to such mechanisms. It seems further study is needed before concluding on the possible benefits of RTS/CTS for NR-U. 

Proposal 9: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Frame Based Equipment
	Huawei, HiSilicon [1]: 
· Observation 3: In order to decide whether to introduce an FBE-based channel access in NR-U, a number of technical issues need to be resolved. 
ZTE [3]: 
· Proposal 2: Multiple CCAs methods can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of NR-U nodes access channel.
CATT [9]: 
· Proposal 5: An enhanced FBE scheme should be utilized to avoid collision of CCA among operators.
Samsung [12]: 
· Proposal 14: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
Qualcomm [19]:
· Proposal 11: Special design can be considered for NR cell with DL in unlicensed band and UL in licensed band
· Proposal 12. One-shot LBT defined for FBE based channel access mechanism. 
· Observation 1. For FBE based channel access, no coexistence study with WiFi needed.
· Proposal 13: Contention slots are introduced for FBE channel access mechanism with cross operator contention coordination specified.



Discussion:
Some views were shared regarding FBE, and the channel access schemes applicable to that. It seems though beneficial to discuss further various aspects related to LBT for FBE, and in which scenarios FBE operation can be applied.
Proposal 10: Further discussion is needed on LBT aspects related to FBE.

Channel access for new bands below 7 GHz
	Ericsson [20]: 
· Proposal 7 Having a common ED threshold among different technologies is a key aspect for a better coexistence.
· A technology may still use a technology-specific preamble for detection at a threshold lower than the common ED threshold. 
AT&T [10]:
· Proposal 1: A new coexistence criterion should be established for new bands 7 GHz and below
· Proposal 2: The criterion can be based on airtime fairness or fairness in opportunity or probability of access 
· Proposal 3: A common preamble design should be studied for new bands 7 GHz and below
· Proposal 4: The common preamble may be based on the IEEE 802.11ax preamble or a common new design


Discussion:
Similar discussion took place related to AI 7.2.2.1. It seems best to handle related aspects there.
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