[bookmark: _Hlk71381241]3GPP TSG RAN WG1 Meeting #107-e						             R1- 2112032
e-Meeting, November 11th – 19th, 2021

Agenda Item:	8.2.6
Title:	Channel Access Mechanism for Supporting NR from 52.6 GHz to 71 GHz 
Source:	Convida Wireless
Document for:	Discussion 
Introduction
In RAN1 #106bis-e e-meeting [6], the following were agreed:

Agreement:
· When UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, support the following behaviors
· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing
· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing
· FFS: The case when UE does not indicate a capability for beam correspondence
· Note: The UE should meet local regulatory requirements
Conclusion:
There is no consensus to support explicitly introducing in the spec using single LBT covering multiple CCs under CA.
· Note: This does not rule out gNB/UE implementation to perform single LBT to cover multiple CCs. However, the EDT needs to be selected such that if interference on one of the CCs exceeds the CC EDT, the LBT is declared as failed
Agreement:
Confirm the WA with the following updates: For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.
Conclusion:
There is no consensus to support CCA or eCCA based receiver assistance with new RTS/CTS type transmission.
Agreement:
Support extending Rel.16 L3-RSSI to unlicensed operation in FR2-2
· Introduce RRC configuration for reference SCS, measurement duration, and measurement bandwidth
· Extend the reference SCS/CP field (ref-SCS-CP-r16) and measurement duration field (measDurationSymbols-r16) in RMTC-Config
· FFS value range and valid combinations for ref-SCS-CP-r16 and measDurationSymbols-r16
· Introduce parameter in RMTC-Config to indicate the measurement bandwidth
· FFS: Value range for measurement bandwidth
· For the QCL Type-D of L3-RSSI measurement, down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET
Conclusion:
There is no consensus to support per beam LBT mode or no-LBT mode UE specific gNB indication.
Conclusion:
For regions where LBT is not mandated, there is no consensus to introduce L1 signalling for gNB to indicate to the UE if the operation is in LBT mode or no-LBT mode. Note this is different from the DCI field indicate the LBT type for UL transmission.
Conclusion:
There is no consensus to introduce CWS Adjustment for unlicensed operation in FR2-2.
Conclusion:
There is no consensus to introduce CAPC for unlicensed operation in FR2-2.

In RAN1 #106e e-meeting [5], the following were agreed:
Agreement:
For energy measurement in 8us deferral period, at least a single measurement within 8us is performed, and the measurement duration is selected from one of the following alternatives:
· Alt 1: At least 3+X us (FFS X, such as X=1).
· Alt 2: At least X us, where X is the same as the minimum measurement duration in a 5 us observation slot and is within the 5 us observation slot.
· Alt 3: At least a contiguous duration of X+Y us where the Y us part of the measurement is done at the end of the first 3 us and X is the same as the minimum measurement duration in a 5 us observation slot and is at the beginning of the 5 us duration.
Conclusion:
There is no consensus in RAN1 to support the functionality of accessing a carrier if there is interference in part of the carrier in frequency. 
Agreement:
On COT sharing from an initiating device transmission to responding device transmission, support both of the following two alternatives
· Alt 1: No maximum gap defined between the initiating device transmission and responding device transmission. A responding device transmission can occur without LBT with any gap within the maximum COT duration
· Alt 3: Define a maximum gap Y, such that a responding device transmission can occur without LBT only if the transmission starts within Y from the end of the initiating device transmission. If the responding device transmission starts after Y from the end of the initiating device transmission, a Cat 2 LBT is needed before the responding device transmission.
· The Cat 2 LBT uses the same sensing structure as the 8 us initial deferral period as in eCCA
· Further down-select between the following options:
· Option 1: Y=8 us (motivated by need to operate in all regions)
· Option 2: Y=a multiple number of OFDM symbols
· Option 3: gNB determines Y (for example, according to local regulation)
· Cat. 2 LBT is a UE capability
· The usage of the two alternatives is a gNB choice and depends at least on local regulations.
Note: Alt. 3 is motivated by the regulations in Japan, but use of Cat. 3 LBT is also an option for operation in Japan and Cat. 2 LBT is not restricted for use only in Japan. 
Note: Maximum gap allowed without Cat 2 LBT between two initiating device transmissions is to be separately discussed
Note: Other use cases of Cat 2 LBT will be separately discussed
Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth) (Alt SC.1. in earlier agreements)
· For LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately (Alt CA.1. in earlier agreements)
· FFS: Additional support of performing single LBT over all CCs (Alt CA.2. in earlier agreements)
Agreement:
For energy measurement in 8us deferral period, Alt 2 is supported while Alt 1 and Alt 3 can be considered as gNB/UE implementation (Alt. 1/2/3 are defined as per previous agreement)
Agreement:
3GPP specification consider defining at least the relative relationship between all applicable sensing beam(s) and the transmission beam(s) to define sensing beam for LBT, where at least sensing beam(s) “covers” the transmission beam(s), considering following alternatives. Target down-selection by RAN1 #106bis-e
· Alt 1: Specify necessary requirement/test procedure to guarantee sensing beam “covers” the transmission beam
· Some methods to define “cover” have been discussed in RAN1 (may further down select the list) and are considered as acceptable from RAN1 perspective
· Alt-1A: the angle included in the [3] dB beamwidth of the transmission beam is included in the [X, FFS] dB beamwidth of the sensing beam.
· Alt-1B:  the sensing beam gain measured along the direction of peak transmission direction is at least X [FFS] dB of the transmission beam gain
· Alt-1C:  The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP.  The sensing beam gain measured along the chosen directions is at least X [FFS] dB of the transmission beam gain in those directions.
· Alt-1D: The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP and the sensing beam gain measured along the chosen directions is at least X [FFS] dB of the peak sensing beam gain 
· Alt-1E: Sensing beam has the minimum [3] dB beamwidth which at least contains all beam peak directions of transmission beams. 
· Sending LS to RAN4 and inform them the above and request them to make the final choice
· RAN4 choice may not be limited by the list above, but if different method is selected, RAN1 would like to have an opportunity to check as well
· Alt 2. Extending the beam correspondence framework and QCL/TCI/SpatialRelationInfo framework to define “cover” and to indicate sensing beam(s) associated with a transmission beam(s)
· On gNB side sensing beam selection for a DL transmission beam, 
· Option 1: The selection of eligible sensing beam for a transmission beam is left for gNB implementation
· No testing or enforcement introduced in 3GPP spec for this option 
· Option 2: Beam correspondence at gNB side is assumed. Supporting one or more of the following behaviors
· A1. For a gNB transmission beam corresponding to TCI state A for a certain UE, the gNB can use the same beam for sensing 
· A2. If TCI B is used as QCL source (Type D) for TCI A for a certain UE, then gNB transmission beam corresponding to TCI B can be used as the sensing beam for transmission with TCI A. 
· A3. If TCI C is NOT used as QCL source (Type D) for TCI A for any UE, then gNB cannot use the transmission beam corresponds to TCI C as the sensing beam for transmission with TCI A.  
· FFS: How and if to support sensing with a beam without corresponding RS sent? For example, how to use quasi-Omni beam for sensing if there is no SSB transmitted with quasi-omni beam
· On UE side sensing beam selection for a UL transmission beam
· Beam correspondence is assumed at UE
· FFS: What if beam correspondence is not supported at UE.
· Supporting one or more of the following behaviors
· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing
· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing
· FFS: How and if to support a wider sensing beam (such as pseudo-omni beam, which is supported in WiFi) to be used for a narrower transmission beam under QCL/TCI framework
· Option 0: Not supported
· Option 1: UE implementation. 
· No testing or enforcement introduced in 3GPP spec for this option 
· Option 2: gNB indication. 
· FFS details.
· FFS: How and if to support a multiple sensing beams to be used for a transmission beam under QCL/TCI framework
· Note: Supporting both alternatives or a combination of the two alternatives is not precluded
[bookmark: _Hlk80964650]Agreement:
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS
· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).
· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval
· L1-RSSI is reported in an AP-CSI report
· L1-RSSI trigger in UL grant
· FFS if L1-RSSI trigger can also be carried in DL grant
· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline
· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed
· FFS: How to indicate the measurement beam for L1-RSSI
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission
· New RTS/CTS-like signaling introduced. 
· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens
· Scheme 4: Legacy L3-RSSI with potential enhancements
· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths
· Note: The schemes listed above are not mutually exclusive and should be discussed separately.

In RAN1 #105e e-meeting [1], the following were agreed:
Agreement:
For energy measurement in 8us deferral period, continue down-selection between the following alternatives
· Alt 1. Two energy measurements are required, with one measurement in the first 3us and one measurement in the last 5us
· Alt 2. One measurement is required
· FFS where the measurement is located
Note: By implementation, it is possible to support longer than 8us deferral period (Intend to cover Alt 3 as implementation choice for either Alt 1 or Alt 2)
Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select or support both of the following two alternatives
· [bookmark: _Hlk79056222]Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT
Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode
· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication
Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc

In this contribution, we consider and discuss the aspects of channel access mechanism for supporting NR operation from 52.6 GHz to 71 GHz.
LBT Mode and Sub-Mode Adaptation and Switching    
[bookmark: _Ref521073172][bookmark: _Toc521074174]Physical layer procedure should include channel access mechanism assuming beam based operation to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. Both LBT and No-LBT related procedures could be specified. To overcome high propagation loss of signal in high frequency range of 52.6 GHz to 71 GHz, multiple beams with narrow beamwidth need to be used in both downlink and uplink transmissions and directional beam is inherently employed. NR is based on beam-centric design in which both gNB and UE employ beams for transmission and reception. 
Similarly, NR for unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz should also employ narrow beams for transmission and reception. NR-U already takes the advantage of the beamforming gain. However, directional beams are not currently used for sensing the channel, although directional listen before talk (LBT) has been discussed in the previous meetings. With the current LBT mechanism, if the channel is occupied only in a particular direction, then all other directions cannot be used for any transmission. Directional LBT, on the other hand, is based on that the transmitting node may sense the channels only in the directions of the intended transmission. Directional LBT could increase the spatial reuse and exploit the narrow beam transmission capabilities in high frequency band, e.g., 52.6 GHz to 71 GHz, by allowing multiple transmitting nodes to access the channel simultaneously as long as their beams remain orthogonal to each other in space.
It was agreed that it can be further discussed when specifications are developed if 3GPP specifications should define the relationship between the LBT beam and the transmission beam or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam and transmission beam. The high frequency range of 52.6 GHz to 71 GHz can leverage the beam-based design in NR, thereby allowing directional channel access. As a result, multiple nodes may be able to access the channel at the same time, but in different orthogonal spatial directions. This can substantially improve deployment capacity and enhance spatial reuse gain of the system. Directional LBT mechanism can be considered in the high frequency range of 52.6 GHz to 71 GHz.
While beam-based transmission and reception is the key enabling technology to mitigate large propagation loss, it also imposes additional challenges for the frequency range of 52.6 GHz to 71 GHz. Since gNB with co-located TRPs/panels can construct multiple beams in different directions simultaneously but might not be able to transmit in one direction while perform LBT in another direction. It is challenging for gNB to listen (to obtain an accurate measurement) on specific time-frequency resources on a particular beam while transmitting on other beam on the same time-frequency resources due to inevitable self-interference. Self-interference may easily result in LBT failure, i.e., false declaration of channel unavailability while the channel is idle, because the sensed energy may be above the energy detection threshold for LBT procedure. Self-interference among co-located TRPs/panels could negatively affect the deployed channel access procedure.
LBT may be used to allow proper system operation in 52.6 GHz and above. According to WID, physical layer procedure should include channel access mechanism assuming beam based operation to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. Both LBT and No-LBT related procedures could be specified and for No-LBT case no additional sensing mechanism is specified. Omni-directional LBT, directional LBT and receiver assistance in channel access should be studied and specified if needed. Corresponding energy detection enhancement could be studied and specified if needed. It was agreed that for operation where LBT is not required, it can be further discussed when specifications are developed if RAN1 should introduce additional conditions/mechanisms for no-LBT to be used, or leave it for gNB implementation. When no-LBT mode is used, if RAN1 should introduce additional restrictions, such as DFS, ATPC, long term sensing which need to be applied, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc, or leave the restriction for gNB implementation When no-LBT mode is used, if RAN1 should introduce mechanism for the system to fallback to LBT mode or leave it for gNB implementation.
A specific LBT mechanism may be predefined and specified for this purpose. LBT could have different methods. One LBT method may be more suitable than the other LBT method depending on conditions such as interferences, and vice versa. It may be required to incorporate LBT methods to enable proper efficient and optimal system operation for 52.6 GHz and above. In the frequency range from 52.6 GHz to 71 GHz, LBT could be used. However, when interference is static or not present, no-LBT mode could be used. Therefore, in some condition(s), LBT may be required and in other condition(s), LBT may not be required. It is desirable to design a coexist mechanism for LBT mode and no-LBT mode in 52.6 GHz to 71 GHz system. The condition(s) and criteria when to use LBT and when not to use LBT can be considered. When no-LBT mode is used, mechanism for the system to fallback to LBT mode can also be considered. When LBT mode is used, there could be several different sub-modes for LBT mode. For example, there could be LBT sub-modes such as omni-directional LBT, directional LBT and receiver assisted LBT. It may not be possible to have one LBT method fit for all conditions. For system optimization and performance enhancement, adaptation between LBT modes and adaptation between LBT sub-modes could be beneficial and can be considered and studied. 
For regions where LBT is not mandated, gNB could indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Cell specific gNB indication could be used. In cell specific gNB indication, LBT mode is common for all UEs in a cell as part of system information or dedicated RRC signalling or both. Both cell specific and UE specific gNB indication could be used. In UE specific gNB indication, LBT mode could be different for different UEs in a cell as part of UE-specific RRC configuration. It is possible that the indication of the decision on applying LBT mode or no-LBT mode could be per beam. For example, LBT mode could be different for different UEs in different beams or could be different for different beam pairs between gNB and the UE. It is also possible that the indication of the decision on applying LBT mode or no-LBT mode could be per cell. If it is per-cell, then LBT mode could be different for different cells for a UE in carrier aggregation. Furthermore, the possibility that a gNB and its UE(s) could have different mode could be discussed. Both RRC and L1/L2 signalling may be considered and used for gNB indication of LBT mode.
Proposal 1: Both omni-directional and directional LBT should be supported for frequency range of 52.6GHz to 71GHz.
Proposal 2: Adaptation and indication for LBT mode, no-LBT mode and LBT sub-modes for system performance optimization should be considered.

Sensing Beam Determination    
QCL could be used to determine sensing beam from transmission beam for cases with and without UE beam correspondence. Beam correspondence can be used to determine sensing beam from transmission beam. Transmission configuration indication (TCI) and spatial relation information could be used to indicate sensing beam or beams associated with a transmission beam or beams.
Sensing beam could be selected the same as a UL transmission beam at UE. Beam correspondence may be assumed at UE. If a UE transmission beam corresponds to a certain TCI state for a certain UE, the UE could use the same beam for sensing. If a TCI is used as QCL source (e.g., Type D QCL) for another TCI for a certain UE, then UE transmission beam corresponding to the another TCI could be used as the sensing beam for transmission with the TCI. However, if TCI is not used as QCL source (e.g., Type D QCL) for the TCI for any UE, then UE can not use the transmission beam corresponds to this TCI as the sensing beam for transmission with the TCI. However, if beam correspondence is not supported at UE, then Y dB beamwidth sensing beam could be used. For example, Y may be 3 dB. 
If the UE is indicated to transmit with a beam corresponding to a certain SRS resource indicator (SRI), the UE could use the same beam for sensing. If the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE could use the reception beam corresponding to the TCI for sensing. A wider sensing beam e.g., omni-directional or pseudo-omni beam, could be used as sensing beam for a narrower transmission beam. gNB may indicate whether wide beam or wider beam could be used as sensing beam for a narrow transmission beam or narrower transmission beam. Multiple sensing beams could be used for a transmission beam. 
Sensing beam could be selected the same as a DL transmission beam at gNB. Beam correspondence at gNB could be assumed. If a gNB transmission beam corresponds to a certain TCI state for a certain UE, the gNB may use the same beam for sensing. If a TCI is used as QCL source (e.g., Type D QCL) for another TCI for a certain UE, then gNB transmission beam corresponding to the another TCI could be used as the sensing beam for transmission with the TCI. However, if TCI is not used as QCL source (e.g., Type D QCL) for the TCI for any UE, then gNB can not use the transmission beam corresponds to this TCI as the sensing beam for transmission with the TCI. If sensing with a beam without corresponding RS is sent, then X dB beamwidth sensing beam could be used. For example, X could be 3 dB. Quasi-Omni beam could be used for sensing if there is no synchronization signal block (SSB) or reference signal (RS) transmitted with quasi-omni beam.
For the sensing at gNB, UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1} or UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={0} before UL beam management procedure. UE could use a different beam for sensing than the beam used for transmission. Several methods to define “cover” may be used. For example, the angle included in the [3] dB beamwidth of the transmission beam is included in the X dB beamwidth of the sensing beam. The sensing beam gain measured along the direction of peak transmission direction is at least X dB of the transmission beam gain. The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within a certain dB of the peak EIRP. The sensing beam gain measured along the chosen directions is at least X dB of the transmission beam gain in those directions. The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within a certain dB of the peak EIRP and the sensing beam gain measured along the chosen directions is at least X dB of the peak sensing beam gain. Sensing beam has the minimum [3] dB beamwidth which at least contains all beam peak directions of transmission beams. We prefer the method that the angle included in the [3] dB beamwidth of the transmission beam is included in the X dB beamwidth of the sensing beam.
Proposal 3: If beam correspondence is assumed, sensing beam could be determined from transmission beam corresponding to a certain TCI state for frequency range of 52.6GHz to 71GHz.
Proposal 4: If beam correspondence is not assumed, sensing beam may be determined from a certain dB beamwidth for frequency range of 52.6GHz to 71GHz.

LBT Operation for COT Sharing  
To enable COT sharing in unlicensed spectrum, transmission gap can be used to determine the proper COT sharing. On option is that a maximum gap could be defined. A maximum gap within a COT could be used to decide COT sharing with or without LBT. For example, a subsequent transmission or a later transmission can share the COT without LBT if the subsequent transmission or later transmission starts within maximum gap from the end of the previous transmission or earlier transmission. If the subsequent transmission or later transmission starts after maximum gap from the end of the previous transmission or earlier transmission, an LBT can be used. For example, an one-shot LBT can be used to share the COT. 
For a COT with MU-MIMO (SDM) transmission, it is possible to have a single LBT sensing at the start of the COT with wide beam covering all beams to be used in the COT with appropriate ED threshold. It is also possible to have independent per-beam LBT sensing at the start of COT is performed for beams used in the COT. Both options could be supported. Within a COT with TDM of beams with beam switching, one possible LBT operation is to have single LBT sensing with wide beam covering all beams to be used in the COT with appropriate ED threshold. Another possible LBT operation is to have independent per-beam LBT sensing at the start of COT is performed for beams used in the COT. It is also possible to have that independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement, e.g., on Cat 2 LBT before beam switching. All three LBT operations could be considered. The first two LBT operation possibilities could be supported. The third LBT operation possibility could also be supported but further discussions may be needed.
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the per-beam LBT for different beams could be performed in TDM fashion. The node could complete one eCCA on one beam and directly move on to the eCCA on the other beam without transmission in the middle. Or the node could complete one eCCA on one beam and start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam. The node could also perform eCCA of the different beams simultaneous, round robin between different beams. Alternatively, the per-beam LBT for different beams could be performed simultaneously in parallel. It is assumed that the node could have the capability to simultaneously sense in different beams. Both per-beam LBT for different beams performed in TDM fashion and per-beam LBT for different beams performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams could be considered.
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT could be performed for beams used in the COT. The per-beam LBT for different beams could be performed one after another in time domain. The node could complete one eCCA on one beam and directly move on to the eCCA on the other beam with no transmission in the middle. The node could complete one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam. Or the node could perform eCCA of the different beams simultaneous, round robin between different beams. Alternatively, the per-beam LBT for different beams could be performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams. Within a COT with TDM of beams with beam switching, both per-beam LBT for different beams performed in TDM fashion and per-beam LBT for different beams performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams could be considered.
Proposal 5: For COT sharing consider Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT.
Proposal 6: For a COT with MU-MIMO (SDM) transmission, support both single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold and independent per-beam LBT sensing at the start of COT performed for beams used in the COT.

Proposal 7: Within a COT with TDM of beams with beam switching, support both single LBT sensing with wide beam ‘cover’ all beams and independent per-beam LBT sensing at the start of COT performed for beams used in the COT. Further discuss independent per-beam LBT sensing at the start of COT for beams used in the COT with additional requirement on Cat 2 LBT before beam switch.
Proposal 8: For a COT with MU-MIMO (SDM) transmission, consider both per-beam LBT for different beams performed in TDM fashion and per-beam LBT for different beams performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams.
Proposal 9: Within a COT with TDM of beams with beam switching, consider both per-beam LBT for different beams performed in TDM fashion and per-beam LBT for different beams performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams.

Considerations for Receiver Assisted Channel Access     
It was agreed that the class A receiver assisted channel access and interference management schemes have been considered and can be further investigated when specifications are developed. In Class A, receiver provides assistance information or signalling to transmitter only. The aspects of Class A receiver assisted channel access can be further discussed when specifications are developed. For example, applicability in the potential channel access modes such as LBT is performed prior to transmission and No LBT is performed prior to transmission. Details of assistance information such as type, timing, content, how the assistance information is obtained etc. could be further discussed.
In addition, whether the assistance information can be obtained by LBT performed at the receiver prior to transmission. Whether the assistance information can be obtained by existing layer 1 and layer 3 measurements with enhancements if needed. If any specification changes are needed to support Class A receiver assisted channel access. Also, the Class B and Class C receiver assisted channel access schemes have been considered, and Class B receiver provides assistance information or signalling to other NR nodes, including non-serving nodes. In this case, cross RAT coexistence is based on ED. Class B1 is for Intra-operator only and Class B2 also include inter-operator signalling. In this case, cross operator coexistence is based on ED. Class C receiver provides assistance information or signalling to other NR nodes and nodes from other RAT. Considering the system performance and complexity tradeoff, it was agreed that Class B and Class C receiver assisted channel access schemes will not be further investigated in Rel.17.
A receiver may experience a different channel and interference level than the transmitter due to interference from hidden node(s) to the receiver. Similarly, a transmitter may experience a different channel and interference level than the receiver due to interference from exposed node(s) to the transmitter. In WiFi, the RTS/CTS mechanism is used to establish a handshake between the transmitter and receiver before the transmitter begins to send data to the receiver. Similarly, the transmitter can benefit from receiver’s feedback on channel condition in unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz. However, additional signaling needs to be introduced for receiver-assisted sensing and can have impact on the overall capacity and latency in the system. The benefit, signaling overhead and latency of receiver-assisted channel access should be investigated.
In current NR system, when a transmitter fails LBT, the transmitter is not allowed for transmission. This could cause resource under-utilization. For example, exposed node issue could cause under-utilization for system resources. However, in some condition(s) when transmitter fails LBT while receiver succeeds LBT, transmitter may still be able to make transmission to receiver. This could increase resource utilization and the ability to meet more stringent QoS requirements. 
Channel access mechanism should assume beam based operation to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. Omni-directional LBT, directional LBT and receiver assistance in channel access should be considered. Corresponding energy detection enhancement should be studied. It is required to have methods for enabling better utilization for resources for 52.6 GHz system, and the ability to meet more stringent QoS requirements such as performance and latency requirements. It is needed to efficiently handle interference and mitigate interference for supporting NR from 52.6 GHz to 71 GHz. Receiver assisted LBT and channel access scheme could be beneficial and should be supported in 52.6 GHz and above.
For receiver to provide assistance in channel access, channel sensing and reporting may need to be performed. CCA or eCCA based receiver assistance with existing physical layer channel/signals can be considered. gNB could schedule or trigger UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE then performs CCA or eCCA for the scheduled or triggered UL transmission and if LBT succeeds, transmits the Receiver-assistance information either implicitly or explicitly in the PUCCH or SRS to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission can happen.
gNB could also schedule or trigger UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE then performs CCA or eCCA for the scheduled or triggered UL transmission and if LBT succeeds, transmits the Receiver-assistance information either implicitly or explicitly in the PUSCH to indicate the LBT outcome. gNB then detects the scheduled UL transmission to tell if UE succeeds the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission can happen.
Proposal 10: Receiver assisted LBT and channel access should be supported in 52.6 GHz to 71 GHz.
Proposal 11: Enhancement of resource utilization and interference mitigation in 52.6 GHz to 71 GHz should be considered.
Proposal 12: For receiver to provide assistance, the following can be further discussed: legacy RSSI measurement and reporting with possible enhancements, AP-CSI report with possible enhancements and LBT at receiver using eCCA or Cat2 LBT. 
Proposal 13: For receiver to provide assistance, CCA or eCCA based receiver assistance with existing physical layer channel/signals can be considered. 

Considerations on Enhancement of Beam Operation for Unlicensed Bands    
[bookmark: _Hlk61845077]Hidden node could cause interference to receiver when transmitter is not aware of hidden node. When transmitter succeeds LBT, it will make the transmission to receiver. However, receiver may not be able to receive the data correctly due to hidden node’s interference. The hidden node issue needs to be addressed in a beam-centric system in the frequency range from 52.6 GHz and above. 
It is required to identify false successful LBT at the transmitter. In other words, it is required to identify successful LBT at the transmitter that would have been failed LBT at the receiver. Data transmission by the transmitter in the presence of hidden node at the receiver not visible to the transmitter may be prevented and the related waste of radio resources can be avoided. Addressing this issue is important because it helps ensure the ability to meet more stringent QoS requirements and a better utilization of the system resources. Enhancement of beam operation may be needed to handle and mitigate interference due to hidden node. 
Which beam management will be used as a basis should be studied. Enhancements for multi-PDSCH/PUSCH scheduling and HARQ with a single DCI could be supported. It is possible that in a beam-based system, one beam may fail LBT due to hidden node while another beam may not. If only one beam is indicated, then LBT may need to be performed again and transmission could not happen right away. If two beams (or more beams) are indicated, and one beam fails LBT and the other beam does not, then transmission could happen. This could increase transmission and channel access opportunities. 
Enhancement of beam operation should be investigated to mitigate interference and optimize system performance due to hidden node. For example, enhancement for single DCI scheduling multiple PDSCHs could be studied for enhancement of beam operation and beam management for supporting NR from 52.6 GHz to 71 GHz.
Proposal 14: Enhancement of beam operation for unlicensed bands should be investigated to mitigate interference and optimize system performance due to hidden node for NR up to 71 GHz.

Discussions for Channel BW and LBT BW    
In this section, we discuss some aspects of channel BW and LBT BW for NR operation from 52.6 GHz to 71 GHz. For single carrier operation as agreed in [1], Alt SC.3 may be more attractive than Alt SC.1 or Alt SC.2 because Alt SC.1 or Alt SC.2 may be treated as a special case of Alt SC.3 when LBT unit is defined as either equal to the channel BW or the transmission BW. Furthermore, if there is a use case where the network allows single carrier or multi-carrier operation to co-exist within a channel BW (e.g., 2 GHz), then LBT may be preferred to perform for all the LBT units (to be transmitted in) in the channel bandwidth. 
For instance, some of UEs may use intra-band contiguous CA and each CC channel BW may be smaller (e.g. 400 MHz with SCS = 120 KHz) than the WiFi 802.11 ad/ay channel BW (i.e., 2.16 GHz). There may be some gNB/UEs who may be capable to transmit and receive using single carrier operation within the same WiFi 802.11 ad/ay channel. As shown in Figure 2, single carrier and multi-carrier operation may co-exist within a same WiFi 802.11 ad/ay channel. For those gNB/UEs who may rely on multi-carrier operation within a WiFi 802.11 ad/ay channel BW, if LBT BW is based on the transmission BW (e.g., 400 MHz), then gNB/UEs may need to perform LBT over all CCs like Alt CA.4. However, for those gNB/UEs using single carrier operation, if LBT BW is based on the transmission BW (e.g., 2 GHz) as Alt SC.2, then LBT results may vary between the single carrier and multi-carrier operation.    
In Rel-16 NR-U, LBT can be performed in units of 20 MHz. Furthermore, LBT can be performed for a single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz. In other words, the channel bandwidth can be integer multiples of 20 MHz in Rel-16 NR-U. This condition is satisfied for all supported numerologies (i.e., SCS=15 KHz, 30 KHz and 60 KHz) in frequency range 1 (FR1). To extend Rel-16 NR-U concept, LBT channel bandwidth (or unit) may be defined as the multi-carrier channel BW (e.g., 400 MHz), thus condition of channel bandwidth being integer multiple of LBT channel bandwidth in Rel-16 NR-U can be applied for supporting NR-U from 52.6 GHz to 71 GHz.  
If NR-U from 52.6 GHz to 71 GHz considers to allow both the smaller channel BW (e.g. 400 MHz) with multi-carrier operation and larger channel BW with single carrier operation to co-exist within a WiFi 802.11 ad/ay nominal channel bandwidth (e.g., 2.16 GHz), then Alt SC.3 and Alt. CA.5 may be the preferred solutions for performing the LBT. Therefore, to down-select the options of LBT BW with single carrier and multi-carrier operation for supporting NR form 52.6 GHz to 71 GHz, co-existence of single carrier and multi-carrier operation within a same channel BW (e.g., within a WiFi nominal channel BW) should be studied.            



[bookmark: _Ref61640556]Figure 2: An exemplary for single carrier operation with SCS = 960 KHz and aggregated channel BW for 2 GHz with SCS = 120 KHz and the maximum channel BW = 400 MHz within a WiFi 802.11 ad/ay channel. 
[bookmark: _Hlk71663557]Proposal 15: To down-select the options of LBT BW with single carrier and multi-carrier operation for supporting NR form 52.6 GHz to 71 GHz, co-existence of single carrier and multi-carrier operation within a same channel BW should be considered. 

Conclusions
In this contribution, we considered the aspects of channel access for supporting NR from 52.6 GHz to 71 GHz. We have the following proposals: 
Proposal 1: Both omni-directional and directional LBT should be supported for frequency range of 52.6GHz to 71GHz.
Proposal 2: Adaptation and indication for LBT mode, no-LBT mode and LBT sub-modes for system performance optimization should be considered.
Proposal 3: If beam correspondence is assumed, sensing beam may be determined from transmission beam corresponding to a certain TCI state for frequency range of 52.6GHz to 71GHz.
Proposal 4: If beam correspondence is not assumed, sensing beam may be determined from a certain dB beamwidth for frequency range of 52.6GHz to 71GHz.
Proposal 5: For COT sharing consider Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT.
Proposal 6: For a COT with MU-MIMO (SDM) transmission, support both single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold and independent per-beam LBT sensing at the start of COT performed for beams used in the COT.

Proposal 7: Within a COT with TDM of beams with beam switching, support both single LBT sensing with wide beam ‘cover’ all beams and independent per-beam LBT sensing at the start of COT performed for beams used in the COT. Further discuss independent per-beam LBT sensing at the start of COT for beams used in the COT with additional requirement on Cat 2 LBT before beam switch.
Proposal 8: For a COT with MU-MIMO (SDM) transmission, consider both per-beam LBT for different beams performed in TDM fashion and per-beam LBT for different beams performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams.
Proposal 9: Within a COT with TDM of beams with beam switching, consider both per-beam LBT for different beams performed in TDM fashion and per-beam LBT for different beams performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams.
Proposal 10: Receiver assisted LBT and channel access should be supported in 52.6 GHz to 71 GHz.
Proposal 11: Enhancement of resource utilization and interference mitigation in 52.6 GHz to 71 GHz should be considered.
Proposal 12: For receiver to provide assistance, the following can be further discussed: legacy RSSI measurement and reporting with possible enhancements, AP-CSI report with possible enhancements and LBT at receiver using eCCA or Cat2 LBT. 
Proposal 13: For receiver to provide assistance, CCA or eCCA based receiver assistance with existing physical layer channel/signals can be considered. 
Proposal 14: Enhancement of beam operation for unlicensed bands should be investigated to mitigate interference and optimize system performance due to hidden node for NR up to 71 GHz.
Proposal 15: To down-select the options of LBT BW with single carrier and multi-carrier operation for supporting NR form 52.6 GHz to 71 GHz, co-existence of single carrier and multi-carrier operation within a same channel BW should be considered. 
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