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1	Introduction
In RAN#93-e, a revised work item for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 has been approved with following objectives for channel access in [1]:
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 

In this contribution, we discuss and present our views on the following topics for channel access mechanisms for NR operation in unlicensed bands between 52.6 GHz and 71GHz:
· Directional LBT based channel access
· Relationship between sensing beams and transmission beams
· Multibeam operations 
· Periodic RS enhancements
· PDCCH monitoring
· COT sharing and Cat 2 LBT
· CWS enhancements 
· No-LBT based channel access
· Power control enhancements for no-LBT
· Configured grant enhancements for no-LBT
· Switching between no-LBT and LBT
· Receiver assistance
· Need for receiver assistance
· Long term sensing for interference mitigation
· SSB (DRS) enhancements

2	Directional LBT
2.1 Relationship between sensing beams(s) and transmission beam(s)
In RAN1#106-e, following agreement on relationship between sensing beams and transmission beams has been agreed in [2]:


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
Based on above agreement, according to Alt 1, no sensing beam is indicated for a transmission beam. From UL transmission perspective, this would mean that gNB is not able to ensure/enforce if the suitable sensing beam(s) are used by UE before applying the indicated transmission beam. This is highly undesirable. From this perspective, we don’t think that Alt 1 should be further consider. Alt 2 on the other hand clearly states mechanism when and how sensing beams should be configured/indicated corresponding to the transmission beam. 
Proposal 1: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, Alt 2 should be supported as:
· 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
According to Alt 2, still some open issues need to be finalized. First if such relationship should be defined for gNB only or both UE and gNB. In our view, For gNB side, such relationship can help indicating the sensing beam(s) used by the gNB to initiate a COT, which is beneficial for a UE sharing the COT and monitoring PDCCH occasions. For example, the gNB can indicate the TCI state(s) corresponding to the sensing beam(s) used to initiate a COT in a GC-PDCCH.
Proposal 2: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, Alt 2 should be supported for both UE side and gNB side.
For UE side, if beam correspondence is supported, then all the listed behaviors should be supported. However, for the case when beam correspondence is not supported by UE, it is still not clear if and how relationship between sensing beams and transmission beams should be specified. Also related aspect on how to additionally use/indicate pseudo omni-directional beam. In our view, the most straightforward solution is to enhance UE reporting to also indicate one or multiple sensing beams corresponding to the UL transmission beam. This would allow gNB to control and indicate not just the UL transmission beam(s) for PUSCH and/or PUCCH, but also corresponding sensing beams to perform LBT for channel sensing. This would allow to support gNB controlled sensing beam and transmission beam relationship/association  indication even for the case when beam correspondence is not supported at the UE.
Proposal 3: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, with Alt 2, all the listed behaviors for UE side sensing beam selection should be supported.
Proposal 4: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, with Alt 2, UE reporting can be enhanced such that UE can report sensing beams corresponding to the UL transmission beams (or activated TCI states or SRI for UL transmission)
· gNB can then indicate sensing beams to UE corresponding to the indicate UL transmission beam
Furthermore, for beam-based transmissions in unlicensed band, when directional LBT based channel access mechanism is applied, another issues is the increased latency when one specific beam for LBT is used and it incurs LBT failure. In case of LBT failure on one beam, UE might be required to be indicated with another beam by the gNB. Therefore, beam  update procedure would be needed and that would increase the overall latency to beam-based transmission in an unlicensed band. 
Observation 1: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, LBT failure on a beam could require a beam update procedure and that results in increased latency
In order to deal with latency and increase the possibility of faster LBT failure on a beam for transmission, multiple beams for performing LBT should be supported. In case of beam-based UL transmission in unlicensed bands, when multiple beams for performing LBT is indicated to a UE, then UE is provided with multiple opportunities to perform LBT and avoid the need for beam update procedure if there is LBT success on any of the beams. An illustration is shown in Figure 1, where 3 beams are indicated to UE for performing LBT. As shown, the LBT fails on beam 1, but is successful on beam 2 and UL transmission is done on beam 2. Therefore, it avoid the need for beam update procedure and no additional latency is introduced, unless all the indicated beams have LBT failure. 
Proposal 5: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, configuration and/or indication of multiple sensing beams to UE should be specified for beam-based UL transmission



Figure 1: Example of LBT on multiple indicated beams
However, since the UE is able to autonomously select one of the multiple indicated beams and gNB is not informed explicitly which one of the indicated beams is used by UE, therefore it is expected that gNB is able to receive any of the indicated beams using the same Rx beam at its receiver. And alternative possibility could be many-to-one mapping between sensing beams and transmission/reception beam. In this case, UE can be signaled with a single beam (TCI state) associated with single transmission occasion via DCI, where that transmit beam is mapped with multiple sensing beams. This allows UE to perform LBT multiple beams that are mapped to the single transmit beam and if LBT is successful on any one of the sensing beams, then UE can transmit on the transmit beam. In this case, there is no scope of ambiguity between gNB and UE on which beam is used for transmission. An example of mapping table is illustrated in Table 1 and corresponding mapping is shown in Figure 2.
Table 1: Example mapping table between 1 transmit beam and multiple sensing beams
	TCI state of Transmit Beam 
(indicated/configured to UE for UL)
	TCI state(s) sensing beams

	TCI State 1 (TxB)
	TCI State 1 (SB), TCI State 6 (SB1), TCI State 2 (SB2), TCI State 3 (SB3)

	…..
	…..

	…..
	…..





Figure 2: Example of one wider transmit beam mapped to multiple LBT (narrower) beams
Proposal 6: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, the relationship between the sensing and transmission beams can be configured based on the TCI framework to be:
· One-to-one mapping between sensing beam and transmission beam
· One sensing beam to many transmission beams mapping
· Many sensing beams to one transmission mapping

Furthermore, when directional LBT is applied for UL transmission on CG resources and when a CG resource is configured with more than one LBT sensing and transmission beams, then UE can transmit a TB after the success of directional LBT on one of the Tx beams. However, when it does not receive HARQ-ACK feedback within a specified time, UE is autonomously allowed to switch to a different beam (one of other multiple beams configured by gNB) for the (re)transmission of the same TB in the same CG resource. In this case, decoding failure at the gNB maybe due to interference or channel condition or LBT failure for the transmission of HARQ-ACK feedback.  
Proposal 7: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, for UL transmissions on CG resources, time-based autonomous switching of UL Tx beam should be supported, where the switching can be based on a timer within which the UE is expected to receiver HARQ-ACK feedback 
2.2 Multi-beam operations with SDM and TDM

In RAN1#104-e [5], it has been agreed to use the same COT for SDM or TDM of  multiple DL/UL transmissions on different beams i.e. regardless of the number of beams to be used for transmissions, only single COT is initiated. Furthermore, the MCOT is 5ms and all the gaps including beam switching gaps (if needed) are included in this COT. Further details need to be agreed on the LBT behavior corresponding to the transmissions on multiple beams. Three alternatives have been considered for performing LBT to access channel for transmission on multiple beams within the same COT. Mainly two factors need to be considered:
· Number of beams over which LBT should be performed 
· When the LBT should be performed
In RAN1#104bis-e, further agreements related to LBT sensing procedure for the cases of SDM and TDM with multi-beam operation have been made [4]:

Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· [bookmark: _Hlk67561919]Alt 1: 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
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch

In our view, the number of beams over which the LBT should be performed should be configurable to the UE for uplink transmissions on different beams in either SDM or TDM manner. One simple solution would be configuring a mapping table between sensing beam(s) and transmit beams as also discussed in section 3.2. Based on this mapping table different combinations could be possible
· One sensing beam to one transmit beam mapping
· This is the most straightforward solution which can be supported without any additional signaling except the transmit/receive beam indication via TCI state with QCL Type-D assumption. However, with the issue of potentially higher possibility of LBT failure and no transmission on failed beam. For this reason, we proposed many sensing beams to one transmit beam mapping in section 2.2.1. Also, if UE is configured with multiple beams for transmission, then with this one-to-one mapping, multiple LBTs are needed.
· One sensing beam (wider beam) to many transmit beams (narrower) mapping
· This is useful for the scenario when multiple beams that are indicated for multiple transmissions are neighboring beams and therefore LBT on one wider beam can entail multiple neighboring narrower beams. Basically, a single LBT might be sufficient to cover transmission on multiple narrower beams (including omni-directional LBT for beam-based transmission)
Based on this, we think that all the alternatives listed in the agreement above should be supported.

Proposal 8: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, for a COT with MU-MIMO (SDM) transmission, all of the following should be supported:
· 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
· Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

Proposal 9: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, within a COT with TDM of beams with beam switching, all of the following should be supported:
· Single LBT sensing with wide beam covering all beams to be used in the COT with appropriate ED threshold, where covering implies that the coverage region of wide beam contains the coverage region of all the beams
· Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch

Furthermore, in RAN1#104b-e, following agreements were made in [4]:

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 MU-MIMO (SDM) case, since all the transmission beams are to be used for transmission on the same time-frequency resources, we don’t see any benefit to perform LBT in a TDM manner on each of the beams. Simply performing, LBT on each of the beams simultaneously is the most efficient way. Therefore, for MU-MIMO (SDM) case, Alt B should be supported.

Proposal 10: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, for a COT with MU-MIMO (SDM) transmission, 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 TDM case, how the LBT is performed on independent beams would depend on the gap between TDM transmissions. When there is not gap between the TDM transmissions, then performing simultaneous LBT on each of the beams before the start of first transmission is more efficient. However, when there is any gap between the TDM transmissions, then it should be allowed to perform LBT on independent beams even in the middle. Therefore, LBT in TDM manner should be supported as well. It can be up to the network configuration or some principles could be defined on when/how to use parallel LBT on multiple independent beams and when/how to use LBT in TDM manner.

Proposal 11: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, for a COT with TDM transmission, the per-beam LBT for different beams can be supported with both alternatives below:
· 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


Then the other issue on when the LBT should be performed within the same COT also needs to be considered.  For SDM case, it is quite straightforward that the LBT is performed at the beginning of transmission. However, for TDM, two possibilities have been considered:
· LBT at the beginning of the transmissions and then no LBT in the middle of COT
· LBT at the beginning of transmissions and then  additional LBT in the middle of COT, when needed
In our view, both the possibilities could be supported depending on the maximum allowed gap between the first symbol of the following scheduled transmission on a given beam and the last symbol of the transmitted (same) beam. If there is no previous transmission on the same beam within a COT, then the maximum allowed gap between the between the first symbol of the following scheduled transmission on a given beam and the time instance when Cat 4 LBT was successful on a beam covering the transmit beam.
Proposal 12: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, when multiple DL/UL transmissions are scheduled on multiple beams in TDM in same COT, then LBT can be performed at the beginning of the transmissions and also in the middle of same COT, if needed, which is depending upon following gaps:
· Maximum allowed gap between the first symbol of the following scheduled transmission on a given beam and the last symbol of the transmitted (same) beam
· Or if there is no previous transmission on the same beam within a COT, then the maximum allowed gap between the between the first symbol of the following scheduled transmission on a given beam and the time instance when Cat 4 LBT was successful on a beam covering the transmit beam
[bookmark: _Hlk61269161]In addition, if based on above proposals, when the UE is configured to perform the directional LBT with one wide sensing beam at the beginning of the COT, it can degenerate into omni-directional LBT if the UEs are scattered in the cell. Maintaining multiple COTs simultaneously should also be considered. When the gNB is transmitting in one of the COTs, the occupancy of other COTs can be ‘paused’ and the corresponding channel can be sensed as idle, so that additional one-shot LBT should be performed if gNB is going to switch between the COTs.


Proposal 13: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, when multiple DL/UL transmissions are scheduled on multiple beams in TDM and if directional LBT is performed on multiple beams with Cat 4 LBT, then multiple COTs should be initiated corresponding to each of the sensing beam

2.3 Beam update for consecutive PUSCH transmissions
A UE may need to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, and the CG-PUSCH transmissions and dynamically scheduled PUSCH transmissions may be indicated by different UL Tx beams. For example, as the Figure 3 shows, a UE is scheduled to transmit a PUSCH transmission by an UL grant following a CG-PUSCH transmission. In this case, beam 0 is indicated to the UE by higher layer signalling for CG-PUSCH transmission and then, beam 1 is indicated to the UE by UL grant for dynamically scheduled PUSCH transmission. There may be no gap enough for switching UL Tx beam from beam 0 to beam 1, especially higher SCS values are considered, and the UE may also need to perform a directional LBT using a wide sensing beam ‘covering’ beam 0 and beam 1. Therefore, before transmitting the set of consecutive PUSCH transmissions, it’s better for the UE to determine one UL Tx beam to transmit all the consecutive UL transmissions. In this example, the UE can use the beam 1 to transmit the two PUSCH transmissions because the beam 1 is indicated later and may be more suitable for the current channel condition, after completing a directional LBT with a sensing beam only ‘covering’ beam 1. Above all, we propose that the UE can use the latest indicated UL Tx beam to transmit a set of consecutive UL transmissions including dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions.
Proposal 14: If a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL transmissions

[image: ]
Figure 3: Illustration of beam update for consecutive CG PUSCH and DG PUSCH
2.4 Periodic RS enhancements for directional LBT
Another aspect that has been discussed is how to handle periodic transmissions of beamformed RS such as P-TRS when there is LBT failure. In RAN1#104-e [5], following options have been discussed to handle this issue, but no agreement has been made:
· Termination of periodic RS transmission
· Aperiodic RS transmission to patch a non-transmitted periodic RS (e.g., TRS, CSI-RS, BFD-RS , and NBI-RS )
· Dynamic switching of QCL assumption of periodic RS
· Multiple RS transmission opportunities
· Multi-slot or multi-resource set RS transmission by a single DCI
· Note: Other enhancements are not precluded. 
In our view, it make sense to either terminate the periodic RS transmission on resources where continuous LBT failures are encountered. This will not require any additional effort in terms of additional dynamic signaling. A step further would be to allow for dynamic switching of the QCL assumption (beam) for periodic RS transmission (using same resources, but different beam) where continuous LBT failures are encountered. In order to support dynamic switching of QCL assumption of periodic RS without any additional dynamical solution, on solution could be associated to the periodic RS resource with multiple QCL assumptions (multiple beams) such that the beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value. 
Proposal 15: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, then following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value
2.5 PDCCH monitoring for directional LBT
Another important aspect for directional LBT is related to PDCCH monitoring. Directional LBT may cause some issues comparing with omni-directional LBT. For example, different Tx beams used by gNB may correspond to different COTs, thus different CORESETs which are configured with different Tx beams by higher layer signalling may also correspond to different COTs. From power saving perspective, according to the indicated sensing beam(s) used by the gNB to initiate a COT,  a UE can stop monitoring the PDCCH occasions in the CORESET corresponding to a Tx beam which is not ‘covered’ by the indicated sensing beam(s) until the current COT ends, which can reduce the power consumption cause by blindly decoding. That is to say, after transmitting a PDCCH to a UE within a COT, the gNB will not transmit PDCCH to this UE in the CORESET corresponding to another COT until the current COT ends.
Proposal 16: For NR unlicensed bands between 52.6 GHz and 71 GHz with directional LBT based channel access mechanism, within a COT, PDCCH monitoring is not supported in the CORESETs corresponding to other COTs (PDCCH monitoring restricted to monitoring corresponding to only one COT at a time)


3	Cat 2 LBT
Another aspect for LBT based channel access is Cat 2 LBT. In RAN1#105-e, following agreement has been made [3]:

In addition to the above aspects, another aspect is related to COT sharing between the initiating device and responding device. In RAN1#104-e [5], following agreement has been made for Cat2 LBT [4]:

Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation

Furthermore, following use cases have been discussed for Cat 2 LBT in RAN1#104-e [5]:

Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.

In our view, Cat 2 LBT should be allowed for transmissions from the responding device at least if the responding device is capable of beam correspondence and it is expected to use only any of the Rx beam(s) as Tx beam(s) for its transmission that have been used to receive at least one of the transmissions from the initiating device within the same COT.

If beam correspondence is not expected at the responding device, then in order to support Cat 2 LBT for COT sharing, the UE can be configured with a mapping table for determining suitable transmit beams for UL transmissions based on the  receive beam(s) which the UE used to receive the prior DL transmissions in the same COT. 

Proposal 17: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, COT sharing between the initiating device and responding device should be supported with at least Cat 2 LBT:
· If the responding device is capable of beam correspondence and it is expected to use only any of the Rx beam(s) as Tx beam(s) for its transmission that have been used to receive at least one of the transmissions from the initiating device within the same COT
· If the responding device determines at least one suitable beam on which it is allowed to transmit within the same COT, where the suitable beam can be determined as follows:
· UE can be configured with a mapping table for determining suitable transmit beams for UL transmissions based on the  receive beam(s) which the UE used to receive the prior DL transmissions in the same COT

Another possibility for COT sharing could be that gNB may convey multiple COT sharing indicators using a single group common DCI and each COT sharing indicator is associated with one or more transmission beams. The association of COT sharing indicator to transmission beams can be signaled semi-statically by RRC. 
Proposal 18: For NR unlicensed bands between 52.6 GHz and 71 GHz with directional LBT based channel access mechanism, multiple COT sharing indicators and their corresponding association to different beams can be signaled in a group common DCI and the association of COT sharing indicator to transmission is semi-statically signaled

4	CWS enhancements
In RAN1#103-e [6], it has been agreed to further consider whether CWS adjustment enhancements are needed or not for the LBT based cannel access for NR operation in the unlicensed bands between 52.6 GHz and 71GHz. In our view, when directional LBT is applied for channel access, then the CWS adjustment procedure applied for the channel access in FR1 could be extended to be applied on beam basis i.e. every beam has independent CWS adjustment, where the adjustment is depending upon the CAPC associated with correspondent Tx beam. The determination of CWS adjustment for a transmit beam (TCI state) of a data channel can be based on the ACK/NACK feedback, and it depends on the TCI state of the corresponding data channel for which the HARQ-ACK report was generated. It does not depend on the TCI state of the control channel on which the HARQ-ACK/NACK feedback report is received. For example, gNB from the HARQ-ACK reports determine the CWS adjustment for the transmit beam (TCI state) that transmitted the corresponding PDSCH. If ACK is detected (e.g., corresponding to PDSCH(s) in a reference duration for the latest DL transmission burst), then CWS is set to CWmin, otherwise (e.g., NACK is detected corresponding to PDSCH in the reference duration) increase the CWS to the next allowed value in the priority class or min(CW×2 + 1, CWmax).

Proposal 19: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, CWS adjustment should be applied for each beam in an independent manner depending upon the corresponding CAPC (when Cat 4 LBT is done for each beam and COT is initiated for each of the beams), where the  CWS adjustment for a transmit beam (TCI state) of a data channel can be based on the ACK/NACK feedback for the corresponding data channel with the same transmit beam (TCI state)
5	Enhancements for No-LBT channel access mechanism
5.1 Automatic power control enhancements for no-LBT
It has been agreed as one of the objectives of the WID to specify no LBT based channel access mechanisms for unlicensed operation in NR between 52.6 GHz to 71 GHz. In this section, we propose automatic power control enhancements for no-LBT based channel access. Primarily, ATPC is described as a mechanism to adjust the transmit power to the minimum power that is necessary to operate the link with the desired performance and reducing the interference to minimum level. One of the key requirements for adopting such channel access mechanism is dependency on some feedback from the receiver in terms of potential interference. However, this could be facilitated by long term sensing as discussed in section 4.2 of this contribution. Further details need to consider on how to support ATPC as a channel access mechanism for regions where the regulatory requirements don’t mandate LBT.
Observation 2: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, in order to adopt ATPC as potential channel access mechanism, receiver feedback such as long-term sensing would be needed
Proposal 20: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, ATPC could be adopted as one of the channel access mechanism, at least for regions where LBT is mandated by regulatory requirements
5.2 Configured grant enhancements for no-LBT
For no-LBT based channel access, a collision avoidance technique can become necessary especially for configured grant transmissions. In case of collisions and retransmissions as a consequence, it should be avoided that the retransmissions collide again systematically due to the configured periodicities, as these are likely to result in an overall failure of the transmitted packet(s). This may be partly resolved by the configuration, however in order to not create too many resource management restrictions, additional mechanisms such as retransmission deferral or additional retransmission resources can be envisaged.
Observation 3: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, depending on the configuration, a collision on CG resources can cause systematic collisions between corresponding subsequent retransmissions causing transmission failure of affected packets.
Proposal 21: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, adopt CG retransmission collision avoidance techniques such as retransmission deferral or additional retransmission resources.
5.3 Switching between no-LBT and LBT

In RAN1#105-e [3], following agreement related to indication of no-LBT or LBT mode have been made:

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

It has been now agreed to support both cell-specific and UE-specific configuration to signal whether to apply LBT or no-LBT based channel access mechanism. However, it is not specified when either of the two mechanisms could be configured by network. Recently, in the latest ETSI BRAN draft document [7], the following requirements for beamforming as a means of spectrum sharing (without LBT) are included: 
“Initiating Device shall have the combined maximum gain for the antenna assembly G and beamforming Y of at least [x1] dBi.
Responding Device shall have the combined maximum gain for the antenna assembly G and beamforming Y of at least [x2] dBi. 
[The total duration of the Responding Device’s transmissions shall be less than [t1] µs within an observation period of [t2] ms. If a Responding Device is capable of combined gain for the antenna assembly G and beamforming Y of at least [x1] dBi, then it is not constrained by the duration limit.]”
Basically, a device can perform no-LBT beamform-based channel access mechanism if the combined maximum gain from antenna configuration and beamforming is above a minimum required threshold value. As a result, for network to configure the UE with no-LBT mode, it would require some assistance information from the UE. Furthermore, since the network is also indicating the beams for UL transmission via SRI and/or TCI indication, therefore, the network should also be aware if the indicated beams can be used by UE along with no-LBT mode.

Proposal 22: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, UE assistance information to indicate whether and which UL Tx beams can be used with no-LBT mode as initiating and/or responding device should be supported


6	Receiver assistance for channel access
6.1 Schemes for receiver assistance
Further consideration and potential specification of receiver assistance for channel access has been agreed as one of the objectives in the WID. One of the main reasons to consider receiver assistance is because beam-based transmission is assumed for unlicensed bands between 52.6 GHz to 71 GHz and performing LBT only at the transmitter side may not guarantee an interference-free reception due to hidden nodes/hidden beams to the transmitter, as shown in Figure 4. Basically, gNB performs directional LBT before DL transmission to the UE1, doesn’t detect any interference and LBT is successful, so it proceeds to DL transmission in specific beam direction. However, at the UE1 it is receiving interference (transmission by the interfering node to UE2) on that beam that is not visible or detected by the transmitting gNB. Therefore, based on this example, it is seen that directional LBT at the transmitter side is not sufficient.


Figure 4: Example of hidden node problem with beam-based operations
Observation 4: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, when directional LBT is applied, then performing LBT only at the transmitted side may not guarantee an interference-free reception due to hidden nodes to the transmitter
In order to avoid the hidden node problem, some assistance information from the receiver side otherwise any timer-based mechanism or HARQ-ACK feedback mechanism at the transmitter could be considered to allow the transmitter to also take the potential interference at the receiver into consideration. For the timer based or HARQ-ACK feedback-based mechanism, if there is no HARQ-ACK feedback from the receiver side from the ‘first’ beam, Tx UE shall switch the beam and subsequent transmission using a ‘second’ beam following the success of LBT. 
In addition, for no-LBT based channel access mechanism, some receiver assistance is also expected to be useful.
Proposal 23: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, receiver assistance should be supported for both LBT and no-LBT based channel access mechanisms to avoid potential interference at the receiver.

Proposal 24: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, enhancement to the transmitter side LBT mechanism based on failure to receive HARQ feedback scheme or timer-based scheme should be supported for LBT based channel access mechanisms to consider potential interference at the receiver.

In RAN1#106-e, following alternatives have been agreed for receiver to provide receiver assistance [2]:

[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 our view, scheme 1 and  scheme 3 can be supported. For scheme 1, RSSI measurements over entire BWP should be supported to identify the resources (in terms of LBT bandwidth) where the interference is low and where channel can be access. For scheme 3, in case of UL transmission, the UE may send multiple short format PUCCHs or SRS.  Each PUCCH/SRS resource is associated with a panel/beam at the UE and each PUCCH/SRS is transmitted before transmitting the actual control/data on PUCCH/PUSCH. After a UE performs directional CCA/LBT for each Tx panel/beam, and before transmitting PUCCH/PUSCH control/data, it transmits request information using a multiple PUCCH/SRS signals from multiple beams to help the gNB identify the interference corresponding to each UE Tx beam. Only after the gNB responds back with feedback information on either PDCCH/PDSCH that the channel is clear from receiver point of view on at least one of the beams to receive UL transmission from the UE, then only UE initiates with actual transmission.  If the network is supported with licensed band, then the licensed carrier can be used for exchanging receiver assistance information before performing transmission on the unlicensed carrier.

Proposal 25: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, following schemes should be supported:
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· 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 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

Proposal 26: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, for scheme 3, following should be supported:
· Short transmission using control channels (such as with 1-bit) or reference signals for before the actual transmission could be supported

6.2 Long-term sensing for interference mitigation
Currently for the NR-U operations in FR1, only short-term channel sensing in the form of omni-directional LBT is supported. Based on the WID objectives, it has been agreed that both LBT and no LBT based unlicensed channel access mechanism will be supported in NR Rel-17. Moreover, directional LBT is also considered that would require sensing channels in different beam directions. As main purpose of channel sensing is two-fold i.e. to protect the on-going transmissions from being interfered by the intended transmission and protect the intended transmission from being interfered by the on-going transmission, therefore, long term sensing would be crucial for unlicensed access. Especially for no LBT based channel access mechanism, it is expected that some degree of long-term sensing would be needed to prevent interference. Moreover, even for LBT based channel access mechanism, long term sensing might be useful to allow for more efficient LBT procedures. For gNB, long-term channel sensing is expected to be an implementation issue, at least for regions where there are no LBT regulations. However, for UE, long-term sensing would require some specification enhancements. Furthermore, long-term sensing at the UE could even be utilized for receiver assisted LBT, where the UE informs about potential long-term interference in specific beam directions and gNB could utilize this to improve the directional LBT.
Observation 5: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, long-term channel sensing could be useful for both LBT and no-LBT based channel access mechanism:
· For LBT based channel access mechanism, long-term sensing at the UE could be utilized for receiver assistance LBT at the gNB
· For no LBT based channel access mechanisms, long-term sensing could provide interference statistics in terms of potential interference from WiFi as well as interference from other NR operators

Proposal 27: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, long term sensing should be supported for both LBT based and no-LBT based channel access mechanism to consider potential interference.

One potential solution to support long-term sensing is to utilize CSI-RS based measurements with longer periodicity. Basically, UE can be configured with resources by the gNB, where UE is not expected to receiver/transmit any signals/channels (including NZP CSI-RS for interference measurement) from any nodes within the network on specific beams and it can measure interference from other systems and/or other NR operators and report it back to the transmitter. Currently, such configuration for CSI-RS is not possible. For example, ZP CSI-RS is similar where UE is configured with resources for measurements and is not expected to receive any PDSCH, but still can receive NZP CSI-RS for interference measurements from other nodes in the system. For interference measurement from WiFi or other NR operators, additional category of CSI-RS needs to be supported such that when they are configured to UE, UE is expected to only measure interference from outside the system

Observation 6: Currently, there is no mechanism is support long-term sensing including interference measurements from WiFi or other NR operators at the UE and corresponding reporting. 

Proposal 28: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, for receiver to provide assistance, channel sensing and reporting need to be performed and following enhancements to legacy RSSI measurements should be supported:
· for long term sensing to measure interference statistics from WiFi systems or other NR operators, a new category of ZP CSI-RS should be supported where the UE is not expected to receive any channel/signal (including NZP CSI-RS for interference measurement) and only measure potential interference from WiFi nodes or other NR operators and report back corresponding measurements. 



7	SSB (DRS) enhancements for LBT-based channel access
Transmission of SSB and CORESET 0 can be configured to be beam swept in different spatial direction in a DRS window. This can be achieved by gNB by performing directional LBT prior to the transmission of beam swept DRS at different time instant within the DRS window. For example, each directional LBT is performed prior to the beam swept SSB/PBCH/CORESET 0 transmission based on the bitmap signaled in ssb-PositionsInBurst and DRS is transmitted when LBT is successful. Base on this approach, QCL-ed SSB beams may also be transmitted within a MCOT initiated by a directional LBT prior to the transmission of SSB. The relationship between the sensing beam and the DRS transmission beam is same as that of the PUSCH transmission. 
Proposal 29: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, potential enhancements related to periodic transmission of DRS such as SSB/PBCH/CORESET#0 are needed including:
· performing directional LBT prior to the transmission of SSB according to the ssb-PositionsInBurst
· directional LBT on multiple beams at the same time at the beginning of the DRS window
· Cat 2 LBT (depending on the gap) before actual transmission

8	Conclusion
In this contribution, we discussed different aspects for channel access schemes for NR operation in unlicensed bands between 52.6 GHz to 71 GHz and provided following observations/proposals: 
Observation 1: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, LBT failure on a beam could require a beam update procedure and that results in increased latency
Observation 2: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, in order to adopt ATPC as potential channel access mechanism, receiver feedback such as long-term sensing would be needed
Observation 3: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, depending on the configuration, a collision on CG resources can cause systematic collisions between corresponding subsequent retransmissions causing transmission failure of affected packets.
Observation 4: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, when directional LBT is applied, then performing LBT only at the transmitted side may not guarantee an interference-free reception due to hidden nodes to the transmitter
Observation 5: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, long-term channel sensing could be useful for both LBT and no-LBT based channel access mechanism:
· For LBT based channel access mechanism, long-term sensing at the UE could be utilized for receiver assistance LBT at the gNB
· For no LBT based channel access mechanisms, long-term sensing could provide interference statistics in terms of potential interference from WiFi as well as interference from other NR operators

Proposal 1: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, Alt 2 should be supported as:
· 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
Proposal 2: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, Alt 2 should be supported for both UE side and gNB side.
Proposal 3: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, with Alt 2, all the listed behaviors for UE side sensing beam selection should be supported.
Proposal 4: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, with Alt 2, UE reporting can be enhanced such that UE can report sensing beams corresponding to the UL transmission beams (or activated TCI states or SRI for UL transmission)
· gNB can then indicate sensing beams to UE corresponding to the indicate UL transmission beam
Proposal 5: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, configuration and/or indication of multiple sensing beams to UE should be specified for beam-based UL transmission
Proposal 6: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, the relationship between the sensing and transmission beams can be configured based on the TCI framework to be:
· One-to-one mapping between sensing beam and transmission beam
· One sensing beam to many transmission beams mapping
· Many sensing beams to one transmission mapping

Proposal 7: For NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, for UL transmissions on CG resources, time-based autonomous switching of UL Tx beam should be supported, where the switching can be based on a timer within which the UE is expected to receiver HARQ-ACK feedback 
Proposal 8: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, for a COT with MU-MIMO (SDM) transmission, all of the following should be supported:
· 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
· Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

Proposal 9: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, within a COT with TDM of beams with beam switching, all of the following should be supported:
· Single LBT sensing with wide beam covering all beams to be used in the COT with appropriate ED threshold, where covering implies that the coverage region of wide beam contains the coverage region of all the beams
· Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch

Proposal 10: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, for a COT with MU-MIMO (SDM) transmission, the per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams
Proposal 11: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, for a COT with TDM transmission, the per-beam LBT for different beams can be supported with both alternatives below:
· 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

Proposal 12: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, when multiple DL/UL transmissions are scheduled on multiple beams in TDM in same COT, then LBT can be performed at the beginning of the transmissions and also in the middle of same COT, if needed, which is depending upon following gaps:
· Maximum allowed gap between the first symbol of the following scheduled transmission on a given beam and the last symbol of the transmitted (same) beam
· Or if there is no previous transmission on the same beam within a COT, then the maximum allowed gap between the between the first symbol of the following scheduled transmission on a given beam and the time instance when Cat 4 LBT was successful on a beam covering the transmit beam
Proposal 13: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, when multiple DL/UL transmissions are scheduled on multiple beams in TDM and if directional LBT is performed on multiple beams with Cat 4 LBT, then multiple COTs should be initiated corresponding to each of the sensing beam

Proposal 14: If a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL transmissions
Proposal 15: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, then following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value
Proposal 16: For NR unlicensed bands between 52.6 GHz and 71 GHz with directional LBT based channel access mechanism, within a COT, PDCCH monitoring is not supported in the CORESETs corresponding to other COTs (PDCCH monitoring restricted to monitoring corresponding to only one COT at a time)
Proposal 17: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, COT sharing between the initiating device and responding device should be supported with at least Cat 2 LBT:
· If the responding device is capable of beam correspondence and it is expected to use only any of the Rx beam(s) as Tx beam(s) for its transmission that have been used to receive at least one of the transmissions from the initiating device within the same COT
· If the responding device determines at least one suitable beam on which it is allowed to transmit within the same COT, where the suitable beam can be determined as follows:
· UE can be configured with a mapping table for determining suitable transmit beams for UL transmissions based on the  receive beam(s) which the UE used to receive the prior DL transmissions in the same COT

Proposal 18: For NR unlicensed bands between 52.6 GHz and 71 GHz with directional LBT based channel access mechanism, multiple COT sharing indicators and their corresponding association to different beams can be signaled in a group common DCI and the association of COT sharing indicator to transmission is semi-statically signaled
Proposal 19: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, CWS adjustment should be applied for each beam in an independent manner depending upon the corresponding CAPC (when Cat 4 LBT is done for each beam and COT is initiated for each of the beams), where the  CWS adjustment for a transmit beam (TCI state) of a data channel can be based on the ACK/NACK feedback for the corresponding data channel with the same transmit beam (TCI state)

Proposal 20: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, ATPC could be adopted as one of the channel access mechanism, at least for regions where LBT is mandated by regulatory requirements

Proposal 21: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, adopt CG retransmission collision avoidance techniques such as retransmission deferral or additional retransmission resources.

Proposal 22: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, UE assistance information to indicate whether and which UL Tx beams can be used with no-LBT mode as initiating and/or responding device should be supported

Proposal 23: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, receiver assistance should be supported for both LBT and no-LBT based channel access mechanisms to avoid potential interference at the receiver.

Proposal 24: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, enhancement to the transmitter side LBT mechanism based on failure to receive HARQ feedback scheme or timer-based scheme should be supported for LBT based channel access mechanisms to consider potential interference at the receiver.

Proposal 25: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, following schemes should be supported:
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· 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 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

Proposal 26: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, for scheme 3, following should be supported:
· Short transmission using control channels (such as with 1-bit) or reference signals for before the actual transmission could be supported

Proposal 27: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, long term sensing should be supported for both LBT based and no-LBT based channel access mechanism to consider potential interference.
Observation 6: Currently, there is no mechanism is support long-term sensing including interference measurements from WiFi or other NR operators at the UE and corresponding reporting. 

Proposal 28: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, for receiver to provide assistance, channel sensing and reporting need to be performed and following enhancements to legacy RSSI measurements should be supported:
· for long term sensing to measure interference statistics from WiFi systems or other NR operators, a new category of ZP CSI-RS should be supported where the UE is not expected to receive any channel/signal (including NZP CSI-RS for interference measurement) and only measure potential interference from WiFi nodes or other NR operators and report back corresponding measurements. 

Proposal 29: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, potential enhancements related to periodic transmission of DRS such as SSB/PBCH/CORESET#0 are needed including:
· performing directional LBT prior to the transmission of SSB according to the ssb-PositionsInBurst
· directional LBT on multiple beams at the same time at the beginning of the DRS window
· Cat 2 LBT (depending on the gap) before actual transmission
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