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[bookmark: _Ref513464071]Introduction
Channel access mechanisms for operation between 52.6GHz and 71GHz was discussed during the SI [1][2]. During RAN1 #104-e – RAN1 #106-e, multiple agreements were reached with respect to channel access. They are provided herein when relevant.
In this contribution we address open issues on channel access and discuss our preferences for channel access for operation up to 71GHz.

Discussion
It was shown during the SI [2] that LBT provides benefits for some UEs in some scenarios at 52.6 GHz to 72 GHz. Different channel access mechanisms were studied during the SI and further discussion is required to determine which to specify for Rel-17. In Rel-16, omni-directional LBT was specified. However, the channel characteristics and interference considered in Rel-16 are much different than those experiences above 52GHz. We discuss two mechanisms to improve channel access efficiency. These mechanisms have been shown to have benefits over omni-directional LBT by reducing the effects of hidden and exposed nodes, two issues that are exacerbated when using omni-directional LBT at higher frequencies.

Directional LBT
Omni-directional LBT suffers from both hidden nodes (where a transmitter doesn’t detect an interfering node that may suffer from the transmission or may negatively impact the receiving node) and exposed nodes (where a transmitter detects a node and determines channel access has failed, when in reality the node would have not suffered from the transmission, nor would it have interfered with the receiver). Omni-directional LBT suffers from hidden node issues given that only the transmitting node performs clear channel assessment prior to a transmission. It suffers from exposed node issues given that the transmitter may detect energy from nodes having no actual negative impact on the receiver and may thus deem the channel busy. The end result of hidden nodes is poor co-existence and reduced BLER performance. Whereas the end result of exposed nodes is increased latency and reduction in spatial reuse. Both of these lead to inefficient use of resources which increase channel occupancy and leads to over-all system inefficiency. 
For unlicensed spectrum from 52.6GHz to 71GHz, the hidden node and exposed node issues become more restrictive. Using omni-directional LBT at higher frequencies means that the ED threshold needs to be set in a manner that is overly permissive given that the interference actually affecting the receiver is only a fraction of the total energy detected (e.g. only in the direction of the beam used at the receiver). This further exacerbates the hidden node issue. Otherwise the ED threshold needs to be set in a manner that is overly prohibitive, given that there is no way to know what portion of the total energy detected is in the direction of the associated transmission. This can further exacerbate the exposed node issue.
At frequencies above 52.6GHz, propagation loss becomes prohibitive even over short distances. Therefore, directional narrowbeam-based transmission is necessary to ensure sufficient power reaches the receiver.
This directional narrowbeam-based approach has an ancillary benefit in that over-all interference is reduced, given that only nodes located within the narrow path of the beam can be victims of interference from the narrowbeam transmission. In both licensed and unlicensed scenario, this can greatly increase the spatial reuse. However, in the unlicensed scenario, while the likelihood of interference to other RATs or uncoordinated nodes is decreased, it is not completely removed. Moreover, when uncoordinated nodes are located within the narrow path of the beam, the uncoordinated nodes may experience more severe interference. Therefore, fair channel access schemes are required to ensure appropriate co-existence while not being too restrictive.
Directional LBT has the benefit of detecting interference only in the path of the narrowbeam while ignoring any other nodes whose transmissions will not cause interference. This reduces the likelihood of exposed nodes caused by omni-directional LBT and the possibility of hidden nodes caused by no LBT. The co-existence thus benefits from buffers being emptied in a timely manner and reducing the likelihood of multiple transmitting nodes competing for the same resources.
During RAN1 #106-e, the following agreement on directional channel sensing was reached:
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

The beam used for LBT should match that of an associated transmission (e.g. the transmission that requires the transmitting node to acquire the channel). However, in some cases, the directional LBT beam may have different parameters than that of the associated transmission. For example, in some cases it makes sense for the LBT beam to be wider than that used for the associated transmission. This can be for the case where a node intends to perform multiple transmissions in a COT using different beams. It can also be for the case where a COT is acquired by a first node using a wide beam and then shared with other nodes, possibly each using narrower beams. Therefore, the parameters of the beam used for directional LBT can be determined from the parameters of the beam(s) used for one or more associated transmissions. 
The agreement above shows two different alternatives to determine a sensing beam that “covers” an associated transmission beam. The first alternative provides different sub-alternatives that deal with matching a sensing beam (beamwidth and direction) with one or more associated transmission beams. This alternative is especially useful for cases where a single sensing beam is used for multiple associated transmission beams. In such a case, the sensing beam parameters should cover the set of parameters of the transmission beams. On the other hand, Alt. 2 uses the QCL/TCI/SpatialRelationInfo framework and beam correspondence to associate the parameters of a transmission with the parameters of a sensing beam. For example, the UE can determine the sensing beam as a function of the TCI or an associated SRI of the transmission. This approach alone doesn’t work well for cases of multiple associated transmission beams. There is an FFS for the support of a wider sensing beam, however it is unclear how to determine the beamwidth if two associated transmission beams are not adjacent. Therefore, we propose to support Alt. 1 for cases with multiple associated transmission beams and Alt. 2 for cases with single transmission beam.

Proposal 1: Support sensing beam determination using Alt.1 (at least for multiple associated transmission beams) and Alt.2 (for single associated transmission beam).

When multiple associated transmissions use non-adjacent beams, Alt.1 may lead to large beamwidth covering directions where interference is inconsequential. This can exacerbate the exposed node issue. Furthermore, it is unclear how to use Alt.2 with a single sensing beam for multiple associated transmission beams. Therefore, for either Alternative it makes sense to also consider using multiple sensing procedures at least when the multiple associated transmissions are on non-adjacent beams. This is discussed further in section 2.4.1.

Receiver Assistance
As discussed above, using directional LBT can reduce the likelihood of exposed nodes and can thus improve spatial reuse without negatively impacting co-existence. However, directional LBT can still suffer from exposed nodes, for example, if an interfering node is transmitting in the direction towards the beam used for directional LBT by the transmitting node. Furthermore, hidden nodes may not be resolved by directional LBT.
One of the main flaws of LBT is that it is performed solely at the transmitter. In less directional scenarios with more homogeneous deployments, LBT performs adequately and the impact of hidden nodes is lessened. However, in beam-based scenarios, hidden nodes may be more stealth and undetectable at the transmitter regardless of whether omni-directional or directional LBT are used. That is because the interference from the hidden node may only be in the direction of the receiving node and not the transmitting node.
In order to mitigate the problem of hidden nodes, it makes sense for the receiver to assess the channel prior to receiving a transmission to make sure it does not suffer from any undue and undetectable (at the transmitter) interference. Moreover, channel assessment at the receiver can further reduce the effect of exposed nodes, given that the receiver can identify if the node is actually interfering with the reception of the transmission or not.

Proposal 2: Receiver assistance should be considered for both omni-directional and directional LBT.

To support receiver assistance, we should consider whether to use omni-directional or directional receiver assistance, the determination of the beam on which receiver assistance information should be obtained, the method to perform receiver assistance and how the receiver can indicate the outcome of receiver assistance to the transmitter.
Similar arguments for directional LBT can be used for directional receiver assistance. Therefore, we propose to consider the use of directional receiver assistance. Furthermore, similar to Proposal 1, the parameters of directional receiver assistance should be determined from the associated transmission to be received.

Proposal 3: Directional receiver assistance is supported.

To implement receiver assisted channel sensing and reporting, the following agreement was reached at RAN1 #106-e:
[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.

For Scheme 1, Alt.2 “Energy measurement on operating BW over indicated or specified number of symbols or time interval” and reporting of a comparison with an energy detection threshold could be used to match single measurement CCA. A UE could effectively be configured with resources on which it may perform CCA periodically. The UE could then be triggered, possibly aperiodically, to report a most recent set of channel assessment outcomes. The L1-RSSI report could include one or both of value of RSSI measurement or CCA outcome. Furthermore, the L1-RSSI could provide greater reporting granularity than what is currently possible, by providing different values for different subbands and beams. This report triggering mechanism can reduce the need for signaling and reduce the latency associated with full RTS/CTS-like mechanisms at the moment a transmission is scheduled.
Scheme 2 is a mean to reuse existing signals and channel to achieve RTS/CTS like information exchange. It can also be considered an aperiodic Scheme 1 type measurement request and report. One drawback when compared to Scheme 1 is the latency associated with the on-demand CCA. If latency is not an issue, then Scheme 2 should be considered.
The benefits of Scheme 3 compared to the other schemes should be shown before continuing the larger specification effort.
Legacy L3-RSSI in Scheme 4 could be enhanced to support different measurement BWs and beams.

Proposal 4: Support Scheme 1 L1-RSSI reporting, where the UE is configured with periodic resources on which to measure L1-RSSI and can be aperiodically triggered to report L1-RSSI.
Proposal 5: L1-RSSI includes one or more values associated to one or more BWs or beams.
Proposal 6: L1-RSSI includes a comparison to an energy detection threshold.
Proposal 7: L3-RSSI is enhanced to support reporting for multiple beams and measurement BWs.

Switching between channel access mechanisms with and without LBT
As discussed herein, different LBT mechanisms should be supported: omni-directional, directional, and receiver assistance. However, the selection of an LBT mechanism (or no LBT altogether) should depend on a combination of deployment, channel characteristics and transmission requirements. In cases where the deployment is very dense and mobile, it makes sense to use directional and receiver assistance. In cases where the deployment is controlled it makes sense to use the no LBT approach. Furthermore, the LBT mechanism used for channel access may be determined more dynamically. For example, there can be a hierarchical mechanism where a first LBT mechanism (e.g. omni-directional or directional) is used for long-term channel assessment and a second LBT mechanism (e.g. directional or no LBT) is used for immediate channel use.
Moreover, since LBT (omni, directional and receiver assisted) gains were shown especially for tail UEs, their use should be UE-specific. The gNB should configure a set of channel access mechanisms and indicate a specific one for a UE or for a specific transmission. Given that the gains of directional LBT and receiver assistance are for tail UEs, it is beneficial for over-all performance that the use of directional LBT or receiver assistance be tied to the UE’s geometry. Therefore, a UE could determine what channel access mechanism to use, among a set of configured channel access mechanisms, as a function of measurements such as RSRP. It could also be beneficial to adapt channel access mechanism as a function of previous channel access or transmission success or failure. For example, a UE may require receiver assistance if previous LBT operations were plagued with exposed nodes. 
During RAN1 #104b-e, the following agreement was reached:
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. Down-select between
· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication
· Alt 2. 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
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode
· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication

Furthermore, during RAN1 #105-e, the following was agreed:
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

The indication should be at least per cell and per beam should also be considered, especially for CoMP-like or multi-TRP deployments. Given that the configuration is up to gNB, whether a gNB and UE have different modes can be up to implementation. L1 signaling could enable dynamic indication. This can be beneficial for highly mobile scenarios. If per beam indication is specified, L1 signaling could be implicitly associated to the transmission beam.

Proposal 8: The UE receives indication of the channel access mode (omni-directional, directional, receiver assistance, no LBT) from the gNB.
Proposal 9: The indication of channel access mode is received per cell and per beam.
Proposal 10: L1 signaling can be used for UE specific indication, at least for initial access.

LBT Parameters
During RAN1 #104-e, the following was agreed:
Agreement:
The baseline ED threshold can be computed as

 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.
· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)
· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
· FFS definition of Operating Channel BW
· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP

If the ED threshold is not modified to account for the beamforming gain, then different UEs with different beamforming gains would perceive the channel occupancy differently. This would be counter to ensuring fair access to the channel. Whether or not LBT succeeds should be determined as a function of whether a victim node would suffer excessive interference. Therefore, it is desirable that LBT performance be normalized such that the transmission parameters would not impact the amount of interference a victim node may be subject to if LBT deems the channel unoccupied. Furthermore, as discussed above, a single LBT operation performed on a sensing beam may be applicable to multiple transmissions each on different transmission beams. Therefore, the EDT should be determined as a function of the sensing beam. Moreover, the operating channel BW used in the EDT formula should depend on the LBT BW of the LBT procedure.

Proposal 11: Adapt EDT to account for beamforming gain of the sensing beam.
Proposal 12: The Operating Channel BW used in the EDT formula is equivalent to the LBT BW.

During RAN1 #105-e, there was a discussion as to whether the Pout in EDT determination should consider the maximum EIRP of the responding device in case of COT sharing. In our view, the COT sharing on a Tx-Rx beam pair should behave similar to Rel-16 NR-U, in which case a difference in max transmission power was not deemed problematic, therefore, it is unclear if Pout should be adjusted based on possible COT sharing.
There is also a discussion as to whether a node can initiate two or more (partially) overlapping COTs in two different beams. If a new transmission beam that was not part of the original COT-initiating LBT, is required, the transmitting node can either perform LBT for the new transmission beam alone (and thus start a new COT for that beam) or can perform LBT on a sensing beam corresponding to the first transmission beam and the new transmission beam (thus starting a new COT applicable to both beams). There is therefore no need to support multiple active COTs initiated from a single node.

Proposal 13: A node that has initiated a first COT and wishing to transmit on a new transmission beam not applicable to the first COT, performs LBT on a sensing beam covering at least the new transmission beam and if possible, initiates a new COT and terminates the first COT.

LBT for COT sharing
It was agreed that when LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. In Rel-16, LBT Category 4 must be used to initiate a COT, whereas for COT sharing, LBT Category 1 or 2 may be used. Similar behavior should be applied when using directional LBT. However, to ensure fair co-existence, at least once prior to a transmission within a COT, LBT Cat 4 covering a transmission beam used in the COT should be performed. 
During RAN1 #106-e, the following agreement was reached:
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

For COT sharing without a need for LBT, it is preferable that a maximum gap is considered. Otherwise another node from another RAT could begin transmitting and either create interference or suffer undue interference. However, the size of a gap depends on the definition of an “earlier” transmission. For directional LBT, the earlier transmission should be one for whom the beam overlaps all of that of the later transmission. If a previous transmission is not for the same beam, then it should not be considered as the earlier transmission and can be considered to be part of the gap. 
For two adjacent transmissions from an initiating device, a maximum gap beyond which Cat 2 LBT is used, should also be specified. And like COT sharing, the gap should be determined such that an earlier transmission should have a beam that completely overlaps the beam of the later transmission.

Proposal 14: A UE determines whether to use Cat 2 LBT based on the gap duration Y between the upcoming transmission and a preceding transmission on the same beam.

For LBT in the case of MU-MIMO (SDM) transmission in a COT or TDM of beams in a COT, the following agreements were reached at RAN1 #104b-e:
Agreement:
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 following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams
Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

For the case of MU-MIMO (SDM) transmission), at least independent per-beam LBT sensing at the start of the COT should be possible. There may be cases where the beams used in a COT are not adjacent and performing LBT on a single beam that “covers” all beams could lead to exposed node issues in beams that won’t actually be used during the COT. For cases where the beams to be used in the COT are adjacent, a single widebeam LBT may suffice. For SDM, at least Alt-A should be supported given that some UEs may not have the capability to simultaneously sense in different beams. For Alt A-1, clarification is required to determine what completing an eCCA on one beam means. Would there be a set of time periods for each beam to determine when eCCA has failed? Alt A-2 does not seem applicable to the SDM case when transmissions on different beams are multiplexed in the first slot of a COT. Therefore, we prefer Alt A-3.
For a COT with TDM of beams with beam switching, similar to SDM, at least independent per-beam LBT sensing at the start of the COT should be possible. Furthermore, only supporting Alt-B is not preferred given that some UEs may not have the required capability. Alt A-1 has similar issues as with the SDM case. Alt A-3 is applicable for TDM of beams. Alt A-2 is also applicable for TDM of beams. In such a case, it should be discussed whether CAT4 LBT should be used prior to the first transmission of a beam in a COT. Furthermore, the requirement of the type of LBT (or no LBT at all) prior to a transmission on a beam (e.g. after beam switching) can depend on the size of the gap between two transmissions of a same beam, as in Proposal 14.

Proposal 15: For a COT with MU-MIMO (SDM) transmission, support at least independent per-beam LBT sensing (Alt 2) and support simultaneous round robin eCCA between different beams (Alt A-3).
Proposal 16: For a COT with TDM of beams with beam switching, support at least independent per-beam LBT sensing at the start of COT with additional requirement on CAT 2 LBT before beam switch (Alt 3) and support Alt A-2 or A-3.
Proposal 17: Support of Alt B for SDM or TDM of beams can be considered for some UEs.

Conclusion
The contribution discusses channel access for unlicensed bands up to 71GHz. We provide the following observations and proposals:
Proposal 1: Support sensing beam determination using Alt.1 (at least for multiple associated transmission beams) and Alt.2 (for single associated transmission beam).
Proposal 2: Receiver assistance should be considered for both omni-directional and directional LBT.
Proposal 3: Directional receiver assistance is supported.
Proposal 4: Support Scheme 1 L1-RSSI reporting, where the UE is configured with periodic resources on which to measure L1-RSSI and can be aperiodically triggered to report L1-RSSI.
Proposal 5: L1-RSSI includes one or more values associated to one or more BWs or beams.
Proposal 6: L1-RSSI includes a comparison to an energy detection threshold.
Proposal 7: L3-RSSI is enhanced to support reporting for multiple beams and measurement BWs.
Proposal 8: The UE receives indication of the channel access mode (omni-directional, directional, receiver assistance, no LBT) from the gNB.
Proposal 9: The indication of channel access mode is received per cell and per beam.
Proposal 10: L1 signaling can be used for UE specific indication, at least for initial access.
Proposal 11: Adapt EDT to account for beamforming gain of the sensing beam.
Proposal 12: The Operating Channel BW used in the EDT formula is equivalent to the LBT BW.
Proposal 13: A node that has initiated a first COT and wishing to transmit on a new transmission beam not applicable to the first COT, performs LBT on a sensing beam covering at least the new transmission beam and if possible, initiates a new COT and terminates the first COT.
Proposal 14: A UE determines whether to use Cat 2 LBT based on the gap duration Y between the upcoming transmission and a preceding transmission on the same beam.
Proposal 15: For a COT with MU-MIMO (SDM) transmission, support at least independent per-beam LBT sensing (Alt 2) and support simultaneous round robin eCCA between different beams (Alt A-3).
Proposal 16: For a COT with TDM of beams with beam switching, support at least independent per-beam LBT sensing at the start of COT with additional requirement on CAT 2 LBT before beam switch (Alt 3) and support Alt A-2 or A-3.
Proposal 17: Support of Alt B for SDM or TDM of beams can be considered for some UEs.
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