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1 Introduction
In RAN1#106bis-e [1], the following conclusion and agreements have been made regarding the channel access mechanism for 52.6 to 71 GHz: 
Agreement:
· When UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, support the following behaviors
· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing
· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing
· FFS: The case when UE does not indicate a capability for beam correspondence
· Note: The UE should meet local regulatory requirements

[bookmark: _Hlk85574954]Conclusion:
There is no consensus to support explicitly introducing in the spec using single LBT covering multiple CCs under CA.
· Note: This does not rule out gNB/UE implementation to perform single LBT to cover multiple CCs. However, the EDT needs to be selected such that if interference on one of the CCs exceeds the CC EDT, the LBT is declared as failed

Agreement:
Confirm the WA with the following updates: 
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

Conclusion:
There is no consensus to support CCA or eCCA based receiver assistance with new RTS/CTS type transmission

Agreement:
Support extending Rel.16 L3-RSSI to unlicensed operation in FR2-2
· Introduce RRC configuration for reference SCS, measurement duration, and measurement bandwidth
· Extend the reference SCS/CP field (ref-SCS-CP-r16) and measurement duration field (measDurationSymbols-r16) in RMTC-Config
· FFS value range and valid combinations for ref-SCS-CP-r16 and measDurationSymbols-r16
· Introduce parameter in RMTC-Config to indicate the measurement bandwidth
· FFS: Value range for measurement bandwidth
· For the QCL Type-D of L3-RSSI measurement, down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET

Conclusion:
There is no consensus to support per beam LBT mode or no-LBT mode UE specific gNB indication.

Conclusion:
For regions where LBT is not mandated, there is no consensus to introduce L1 signalling for gNB to indicate to the UE if the operation is in LBT mode or no-LBT mode. Note this is different from the DCI field indicate the LBT type for UL transmission. 

Conclusion:
There is no consensus to introduce CWS Adjustment for unlicensed operation in FR2-2

Conclusion:
There is no consensus to introduce CAPC for unlicensed operation in FR2-2
This contribution discusses detailed design for the above aspects for NR from 52.6 GHz to 71 GHz, and more precisely, the following topics related to channel access mechanism are included: 
· Remaining details of ED threshold
· Cat 2 LBT for COT sharing
· Remaining details of LBT mode indication
· Short control signalling
· Directional LBT and multi-beam COT
· RX-assistant LBT
· [bookmark: _GoBack]Enhancement to RSSI measurement
2 Remaining Details of ED Threshold
In Rel-16 NR-U, ED threshold is determined based on channel bandwidth and whether other technology is absent, but these considerations are not included in the ED threshold as in EN 302 567. RAN1 shall further investigate how to take such design aspects into account for 60 GHz unlicensed band. 
Moreover, to address the nature of highly directional transmission in 60 GHz unlicensed band, beam related parameters should also be taken into account for the ED threshold, including the beamforming gain and/or beam direction for transmission and/or receiving. Using a different ED threshold, comparing to omni-directional LBT, is beneficial for discovering interference situation for directional LBT. 
Proposal 1: ED threshold should depend on:
· Whether other technology sharing the channel is absent or not on a long-term basis;
· Beam parameters including beamforming gain and/or beam direction for transmission and/or receiving. 
3 Cat 2 LBT for COT sharing
Cat 2 LBT has been agreed to be supported at least for the case of COT sharing for regions with regulation requirement on channel sensing in the COT, e.g. in Japan. There is one remaining issue on the duration of gap when using the Cat 2 LBT. It is observed that the gap should be at least as long as the duration of Cat 2 LBT such that the Cat 2 LBT procedure can be performed within the gap, and it’s also good to keep the gap as small as possible to facilitate fast channel access. Hence, we prefer to specify the gap as the same duration of Cat 2 LBT, e.g. 8 us. 
Proposal 2: For the gap duration Y in COT sharing, support Y as the duration of Cat 2 LBT, e.g. 8 us.
4 Remaining Details of LBT Mode Indication
So far, RAN1 has agreed to support both cell-specific and UE-specific indication of LBT/no-LBT mode for a “gNB-UE link”, however, the indication details on how a UE determines the LBT mode are still not clear. In our understanding, the intention for cell-specific indication is to allow indicating a common mode for all nodes within the cell, including both the gNB and serving UEs, and the intention for UE-specific indication is to allow the gNB to further indicate a UE-specific mode to some of the serving UEs when necessary, wherein such UE-specific mode can be different from the cell-specific one. Based on this understanding, we have the following proposal. 
Proposal 3: For indication of the LBT/no-LBT mode:
· gNB determines its mode by implementation;
· UE assumes both the gNB and UE operates according to the indicated mode in the cell-specific indication; 
· UE assumes the UE operates according to the indicated mode in the UE-specific indication;
· the UE-specific indication overrides the cell-specific indication when both of them are provided.
5 Short Control Signalling
So far, SS/PBCH block and msg1 for 4-step RACH and msgA for 2-step RACH have been agreed to be used as the short control signaling for DL and UL respectively. 
For DL, at least components in discovery burst should be able to be used as short control signaling, since SS/PBCH block transmission may not be contiguous in time domain. Since those components already have strong QCL assumption with SS/PBCH block, and the essential impact to channel occupancy is the duty cycle of all the components used as short control signaling, it is natural to allow components in discovery burst to be used as short control signaling even when not multiplexing with SS/PBCH block. 
Moreover, in order to limit the usage of “short control signalling”, the transmission duration and duty cycle should be restricted such that fair coexistence with other technology can be guaranteed. If there is associated condition on the transmission duration and duty cycle, or additional condition on using “short control signalling” from the regulation, RAN1 shall specify such conditions as well; if not, similar condition for Rel-16 NR-U can be used for 60 GHz unlicensed band. From the requirement of regulation, duty cycle is calculated per node, which translates to per cell for DL and per UE for UL. 
Proposal 4: For “short control signalling”:
· support discovery burst to be used as short control signaling for DL;
· allow components in discovery burst to be used as short control signaling even when not multiplexing with SS/PBCH block;
· support limitation on the duty cycle to use “short control signalling”, wherein the duty cycle are defined from the perspective of a node (e.g. per cell for DL and per UE for UL).
6 Directional LBT and Multi-beam COT
[bookmark: _Ref61268998]For currently supported unlicensed technic in 3GPP, including LTE LAA and Rel-16 NR-U, a baseline to perform LBT is omni-directional sensing by the potential transmitter. However, the operation from 52.6 GHz to 71 GHz is highly directional, wherein the configurations of antenna for both transmission and reception are beamformed according to the targeted direction. One option to cope with directional transmission and reception on the 60 GHz unlicensed band and to improve spatial reuse is for the potential transmitter to perform a LBT according to the same direction as its intended transmit beam direction, so called “directional LBT”.  
Compared to the baseline omni-directional LBT, directional LBT can lead to better channel access probability and correspondingly better spatial reuse under the same ED threshold as omni-directional LBT, and the gain is expected to be larger by using a different ED threshold for directional LBT. The channel access gain for directional LBT will further outweigh its potential SINR performance loss compared to omni-directional LBT, which correspondingly will lead to a better throughput performance than the omni-directional LBT. 
The key issue for supporting directional LBT is to define the spatial parameter for antenna configuration between transmission beam and receiving beam, i.e., how to define “cover” as discussed in the last meeting [1]. In particular, the set of alternatives for down selection was agreed in the last meeting, as in the introduction section: 
In our view, from the proposal, Alt. 1 is not suitable: defining the relationship between sensing and transmission beams is a fundamental aspect of LBT for beyond 52 GHz. Thus, RAN1 should tackle this problem and properly solve it in order to ensure that the specification accurately specifies LBT. Once RAN1 is done, RAN4 will have a lot of work to define testing for the linkage between sensing and transmission beams. In addition, Alt. 1 requires close joint work with RAN4. Given there are only two meetings left and RAN4 are fully loaded with other WIs, completing Alt. 1 in time would be challenging. Thus, Alt. 2 is preferred. 
In Alt.2, for UE side sensing beam selection for a UL transmission beam, the beam correspondence can be mandatory. for UEs supporting FR2-2 bands. The support of a wider beam that covers a set of narrower transmission beams is needed to give full flexibility to UE for channel access i.e., not restricted to only one sensing beam mapped to one transmission beam. Performing wide beam sensing once is also more efficient than using multiple individual narrower beam sensing. 
Among options 0, 1, and 2 of Alt.2, we support option 2. The sensing beam cannot be left to UE implementation, since any transmitter node (gNB or UE) that initiates the COT must meet the regulations as described in EN 302.567. We propose to extend the QCL type-D to define the relation between a broad sensing beam covering set of UL narrow transmission beams by re-using the set of DL RS signals from gNB which are used as QCL-D sources for those UL narrow transmission beams. This corresponds to option 2, with the implicit indication from gNB by reusing the set of DL RS signals which are used as QCL-D sources for the covered UL narrow transmission beams. 
For DL, a gNB can use spatial domain sensing filter(s) that is the same as the spatial domain transmission filter(s) used for the subsequent transmission(s) during COT, e.g. based on the new type of QCL information provided to the intended UE in association with a DL RS, or in associated with any another DL-RS QCLed with that DL-RS. 
For UL, a UE can use spatial domain sensing filter(s) that is the same as the spatial domain transmission filter(s) used for the subsequent transmission(s) during COT, e.g. based on the new type of QCL information provided to the intended UE in association with DL RS (s) for UL transmission(s), or in associated with any another DL-RS QCLed with that DL-RS (s) for UL transmission(s).
Proposal 5:
· Support extending the beam correspondence framework and/or QCL/TCI framework to define “cover” (Alt 2), option.2;
· Support option 2 gNB indication in the sense of broad sensing beam can be implicitly indicated by reusing the set of DL RS signals which are used as QCL-D sources for the covered UL narrow transmission beams.
In the last meetings, the following alternatives with directional LBT for a COT with MU-MIMO (SDM) transmission were considered:  
· 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
An illustration of Alt 1 and Alt 2 is shown in Figure 1. It could be clear that the only difference between Alt 1 and Alt 2 is the sensing in the LBT part, and both alternatives can be feasible based on transmitter’s capability. For example, if multi-TRP is equipped at the transmitter, simultaneous sensing from different directions is feasible. 


[bookmark: _Ref68097897]Figure 1 Illustration of alternatives for SDM scenario.
Meanwhile, the following alternatives with directional LBT for a COT with TDM of beams with beam switching were considered:
· Alt 1: Single LBT sensing 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
· 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
An illustration of alternatives is shown in Figure 2. In addition to the discussion on the feasibility of simultaneous multi-directional sensing as in SDM scenario, the selection between Alt 1/2 and Alt 3 also depends on whether LBT is required for switching beams within a COT. If LBT is supported for switching beams within a COT, Alt 3 should be supported, and the LBT within the COT can be Type 2 channel access procedure with fixed sending duration; otherwise, Alt 1/2 is sufficient to save the overhead for channel sensing. 


[bookmark: _Ref61596456]Figure 2 Illustration of alternatives for TDM scenario.
Proposal 6: Support directional channel sensing in multi-beam operation:
· For multi-beam SDM scenario, both Alt 1 and Alt 2 can be supported.
· For multi-beam TDM scenario, Alt 1 can be supported as baseline, and selection between Alt 2 and Alt 3 depends on whether sensing is required for switching beams within a COT.
Moreover, in order to support Alt 2 for SDM scenario and Alt 2 or 3 for TDM scenario, independent per-beam LBT channel access procedure needs to be introduced. The following alternatives were considered in the last meeting [1]: 
· 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
Both Alt A and Alt B can be supported, based on the node’s capability on simultaneously sensing, and can be up to its implementation to choose one of the alternatives. Within Alt A, Alt A-1 is the most straightforward way for implementing per-beam LBT, and should be supported as the basline. If Alt A-2 refers to the eCCA procedure before the COT, then it may require simultaneous transmission and reception of the node, which may cause interference to the sensing result, although the transmission and reception are for different directions, so this alternative is not preferred. Alt A-3 intends to minimize the delay between the completion of the per-beam LBT procedures, but due to potentially different backoff counter values (if supported), the per-beam LBT procedures may not be fully aligned, so the benefit from Alt A-3 is quite limited. 
Proposal 7: For per-beam LBT for different beams,
· Support both Alt A and Alt B, and up to implementation to choose between Alt A and Alt B.
· Within Alt A, support Alt A-1 as the baseline.
7 RX-assistant LBT
In the last meeting [1], schemes for RX-assistant LBT were agreed, wherein the schemes are not essentially contradicting with each other. 
For Scheme 1 (L1-RSSI based receiver assistance), it requires specification changes to support L1-RSSI including the time and frequency resource to perform such measurement and the mechanism to trigger and report the measurement. Meanwhile, its fundamental difference from CCA is also questionable, i.e., if the measurement bandwidth is the same as the LBT bandwidth, the RSSI measurement is essentially the same as CCA. 
For Scheme 2 (CCA or eCCA based receiver assistance with existing phy channel/signals), the overall procedure for triggering and reporting the assistant information is quite similar to Scheme 1, and DCI and UCI based existing PHY channels can be served as the trigger and reporting of the CCA/eCCA sensing results, and the specification impact of this scheme is relatively smaller comparing to Scheme 1. 
For Scheme 3 (CCA or eCCA based receiver assistance with new RTS/CTS type transmission), this scheme is analogue to Scheme 2, but it requires new signal/channel for triggering and reporting the assistant information, which may not be proper considering the limited time left of the WI. 
For Scheme 4 (Legacy L3-RSSI with potential enhancements), at least the enhancement regarding the support of new SCS and measurement bandwidth should be supported for 60 GHz unlicensed band.  
Proposal 8: For RX-assistant LBT, support:
· Scheme 2 with DCI for triggering and UCI for reporting the assistant information;
· Scheme 4 with supporting new SCS and measurement bandwidth for 60 GHz unlicensed band.
8 Enhancement to RSSI Measurement
In Rel-16 NR-U, RSSI measurement is supported to acquire the interference information of the channel, which provides the basis for channel selection (e.g. DFS), wherein the RSSI measurement is only applicable to active DL BWP. For Rel-17, 60 GHz has a much wider channel bandwidth than 5 or 6 GHz unlicensed band, and the LBT bandwidth could be significantly smaller than the maximum carrier bandwidth (although the detail of LBT bandwidth is still under discussion). Hence, there could be scenario that some frequency range (e.g. either a BWP or a carrier) without UE scheduled in its corresponding active BWP. Then, the Rel-16 RSSI measurement is not sufficient to acquire a full knowledge of the interference situation over the whole wide band, and it is beneficial to generalize the Rel-16 RSSI measurement to outside the active BWP and even in a non-serving cell. 
Proposal 9: Support RSSI measurement outside the active BWP and in non-serving cell.
9 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: ED threshold should depend on:
· Whether other technology sharing the channel is absent or not on a long-term basis;
· Beam parameters including beamforming gain and/or beam direction for transmission and/or receiving.
Proposal 2: For the gap duration Y in COT sharing, support Y as the duration of Cat 2 LBT, e.g. 8 us.
Proposal 3: For indication of the LBT/no-LBT mode:
· gNB determines its mode by implementation;
· UE assumes both the gNB and UE operates according to the indicated mode in the cell-specific indication; 
· UE assumes the UE operates according to the indicated mode in the UE-specific indication;
· the UE-specific indication overrides the cell-specific indication when both of them are provided.
Proposal 4: For “short control signalling”:
· support discovery burst to be used as short control signaling for DL;
· allow components in discovery burst to be used as short control signaling even when not multiplexing with SS/PBCH block;
· support limitation on the duty cycle to use “short control signalling”, wherein the duty cycle are defined from the perspective of a node (e.g. per cell for DL and per UE for UL).
Proposal 5:
· Support extending the beam correspondence framework and/or QCL/TCI framework to define “cover” (Alt 2), option.2;
· Support option 2 gNB indication in the sense of broad sensing beam can be implicitly indicated by reusing the set of DL RS signals which are used as QCL-D sources for the covered UL narrow transmission beams.
Proposal 6: Support directional channel sensing in multi-beam operation:
· For multi-beam SDM scenario, both Alt 1 and Alt 2 can be supported.
· For multi-beam TDM scenario, Alt 1 can be supported as baseline, and selection between Alt 2 and Alt 3 depends on whether sensing is required for switching beams within a COT.
Proposal 7: For per-beam LBT for different beams,
· Support both Alt A and Alt B, and up to implementation to choose between Alt A and Alt B.
· Within Alt A, support Alt A-1 as the baseline.
Proposal 8: For RX-assistant LBT, support:
· Scheme 2 with DCI for triggering and UCI for reporting the assistant information;
· Scheme 4 with supporting new SCS and measurement bandwidth for 60 GHz unlicensed band.
Proposal 9: Support RSSI measurement outside the active BWP and in non-serving cell.
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