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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK16]In the RAN1 #106 e-meeting [1], some agreements on channel access have been achieved but there are still some remaining issues that need to be further discussed and resolved. In this contribution, we will share our views on the remaining issues of channel access for 52.6 GHz to 71GHz.
 Discussion
[bookmark: _Toc28873153] Nominal Bandwidth
In the RAN1 #102 e-meeting, on how to understand the Occupancy Channel Bandwidth (OCB) requirement of draft version v2.1.20 of EN 302 567 [2] have reached the following consensus. But there is still one remaining issue on the relationship between nominal channel bandwidth and bandwidth defined in NR to be further discussed.
	Conclusion:
· The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.


Note: For the above conclusion on OCB requirement, we would like to further clarify that the OCB should be satisfied for each transmitter (gNB and UE). That is to say, it is not allowed to appear a case that the transmitter meets the OCB when transmission, while its response device such as receiver does not satisfy the OCB when sending information on the channel.
Observation 1: It is worth emphasizing that the OCB should be satisfied for each transmitter such as gNB or UE.
In the RAN1 #103 e-meeting [3], the definition of nominal bandwidth have been fully discussed to clarify the OCB requirement but there is still no common understanding and views on its definition. Mainly divergence is whether the nominal bandwidths at the UE/gNB should be regarded as the subset of UL/DL channel BWs supported by UE/gNB from the set of channel BWs (carrier) to be defined in 38.101/38.104, or the maximum UL/DL channel BW supported by the UE/gNB. For the former, it seems to be an acceptable understanding for majority companies. For the latter, few companies think such definition is enough if it is only used for spurious energy test and it is simpler than the definition of the former. In principle, either of both is fine for us, but prefer to the definition of the former for nominal bandwidth due to it provides more flexible and allows to use any channel bandwidth supported by UE/gNB considering UE capability.
Besides, we have also noticed that some companies suggested that if on the definition of nominal channel bandwidth is difficult to reach a consensus, then they can go back and accept that nominal bandwidth is not defined and leave it for gNB/UE implementation. For this view, we think it is necessary to provide a clear definition of nominal bandwidth in order to avoid any ambiguity about the understanding of nominal bandwidth and resolve the problem of unclear the conclusion of the OCB requirement of draft version v2.1.20 of EN 302 567 in RAN1 #102 e-meeting [4]. However, it is puzzling that this issue on the definition of nominal channel bandwidth has not been continued to be discussed and mentioned at recent meetings. For this situation, we think that it is necessary to give a clear guidance on how to deal with the definition of the nominal channel bandwidth.  
Proposal 1: In order to avoid ambiguity about the understanding of nominal bandwidth and resolve the problem of unclear the conclusion for the OCB requirement, it is necessary to give a clear guidance on how to deal with the issue on the nominal bandwidth, e.g., introduce the definition of nominal bandwidth.
Proposal 2: The nominal bandwidth can be defined as follows:
· Nominal bandwidths for the purpose of OCB requirements at the UE are the channel BWs for transmission supported by the UE from the set of channel BWs (carrier BWs) to be defined in 38.101.
· Nominal bandwidths for the purpose of OCB requirements at the gNB are the channel BWs for transmission supported by the gNB from the set of channel BWs (carrier BWs) to be defined in 38.104.
 LBT Bandwidth
In RAN1 #106 e-meeting, the following agreement has been achieved, as follows:
	Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth) (Alt SC.1. in earlier agreements)
· For LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately (Alt CA.1. in earlier agreements)
· FFS: Additional support of performing single LBT over all CCs (Alt CA.2. in earlier agreements)


For FFS on whether to support of performing single LBT over all CCs, we think LBT for each channel bandwidth for CA case has been supported, it seems unnecessary to introduce single LBT bandwidth over all CCs. Further, such method is not conducive to improve the probability of channel access and reduce the waste of resources compared to multiple LBT.
Proposal 3: from the perspective of  the probability of channel access and the waste of resources, it is not recommended that single LBT over all CCs (Alt CA.2. in earlier agreements) is supported for Rel-17 above 52.6GHz.
 Short Control Signalling
In the latest public version V2.2.1 of EN 302 567 [5], the definition and rule of Short Control Signalling transmission were introduced and copied as follows:
	4.2.6.2	Definition
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals.
4.2.6.3	Limits
The use of Short Control Signalling Transmissions shall be constrained as follows:
within an observation period of 100 ms,
the total duration of the equipment's Short Control Signalling Transmissions shall be less than 10 ms within said observation period.


For the above the definition and limitation of Short Control Signalling (SCS), we can obtain the following information:
· 10ms limitation within 100ms observation period should be met for each transmitter (e.g., gNB or UE).
· “Management and control frames” can be regarded as Short Control Signalling. 
· Specifically, it is not clear/specified in EN 302 567 what management and control frames is or which signals and/or channels can be classified as Short Control signalling. 
· If 10ms limitation within 100ms observation period is met, then LBT cannot be performed before Short Control Signalling is transmitted.
In RAN1 #104b e-meeting, the conclusions on SCS for DL were reached, as follows:
	Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc
Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.


As for whether to allow other channel/signal can be multiplexed with channel/signal that has been classified as Short Control Signalling still need to be further discussed. In our view, as long as total transmission time to transmit channel(s)/signal(s) including Short Control Signalling does not exceed 10ms limitation within 100ms observation period, other channel/signal can be allowed to be multiplexed with the channel/signal that has been classified as Short Control Signalling. However, if channel(s)/signal(s) is not regarded as Short Control Signalling and not multiplexed with any Short Control Signalling, it is a natural way that such channel(s)/signal(s) cannot apply Contention Exempt Short Control Signaling rule.
Observation 2: Other channel/signal is allowed to be multiplexed with a channel/signal that has been regarded as Short Control Signalling only if their total transmission time does not exceed 10ms limitation within 100ms observation period.
Observation 3: If channel(s)/signal(s) is not regarded as Short Control Signalling and not multiplexed with any Short Control Signalling, it is a natural way that such channel(s)/signal(s) cannot apply Contention Exempt Short Control Signaling rule.
Regarding whether Contention Exempt Short Control Signaling rule can be applied to all supported SCS or specific SCS, for 120kHz SCS SS/PBCH, the total transmission duration is determined by formula: 5 times 256 symbol length, which is about 11.36ms that exceed 10ms limitation. Herein, 64 SS/PBCHs are included in 16 slots and every slot contains 4 SS/PBCHs and every SS/PBCH consists of 4 symbols and every symbol is approximately 8.875us. While for 240/480/960kHz SCS SS/PBCH, the total transmission duration is approximately 5.68ms/2.84ms/1.42ms respectively, which satisfies the restriction of Short Control Signalling.
Observation 4: 
· For 120 kHz SCS SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period exceeds 10ms limitation within a 100ms observation period required for short control signalling.
· For larger SCS (e.g., 240/480/960kHz) SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period does not exceed 10ms limitation within a 100ms observation period required for short control signalling.
In RAN1 #105 e-meeting, the conclusion on SCS for UL was reached, as follows:
	Agreement :
Contention Exempt Short Control Signalling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signalling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc


On the restriction of Contention Exempt Short Control Signaling for Msg 1 and Msg A or potential Msg 3, we suggest that the same definition/method used for DL should be applied for UL, that is, as long as total time corresponding to all available configured Msg1/Msg A/potential Msg 3 resources meets 10ms limitation  within a 100ms observation period, LBT cannot be performed before mentioned UL channel/signal above. Based on this, we prefer Alt 1.
Observation 5: As long as total time corresponding to all available UL resources that be used to transmit Short Control Signalling (e.g., Msg1/Msg A/potential Msg 3 ) meets 10ms limitation  within a 100ms observation period, Contention Exempt Short Control Signaling rule can be applied.
Another issue on the situation that the transmission of DL/UL channels/signals considered as Short Control Signalling exceeds 10ms limitation, we think it is a natural way to switch from No LBT mode to LBT mode. 
Observation 6: Once the transmission of DL/UL channels/signals considered as Short Control Signalling exceeds 10ms limitation, it is a nature way to switch from No LBT mode to LBT mode.
Besides, if the transmission of DL/UL channels/signals considered as Short Control Signalling is in a COT initiated by gNB or UE and LBT is performed before Short Control Signalling transmission, in our understanding, it should not be counted into 10ms limitation within the 100ms observation period.
Observation 7: For the case of the transmission of DL/UL channels/signals considered as Short Control Signalling is in a COT initiated by gNB or UE and LBT is performed before Short Control Signalling transmission, it is suggested that such transmission should not be counted into 10ms limitation within the 100ms observation period.
 Channel Access Mechanism
 No LBT
In RAN1 #102 e-meeting, we have reached a basic consensus that both LBT and No LBT are supported for gNB/UE to initiate a channel occupancy. But there is still no consensus on whether it is necessary to limit the conditions when No LBT is used, and the restriction of the length of a transmission corresponding to No LBT, and the triggering conditions for No LBT fallback to LBT.
On condition to use No LBT, the following cases can be considered: (1) specific areas such as ITU region 2 and 3 in which No LBT is not required to be used for unlicensed carrier. (2) interference controlled environment. (3) a common case that NR-U and NR-U coexistence scenario and the absence of any other systems can be guaranteed. For instance, the node1 belongs to operator 1 while the node2 is served for operator 2. If the transmitted beams of node 1 and node 2 do not overlap or transmission of two nodes is not interfered each other, then the transmission for the node preparing to transmit will not affect that for another node even if LBT is not performed for the node preparing to transmit.
Proposal 4: No LBT can be considered to be used in the following cases:
· Specific areas such as ITU region 2 and 3.
· Interference controlled environment.
· The transmission beams of nodes of different operators in the same system (e.g., NR-U) have little interference with each other.
Although we observe that No LBT can be applied in some specific cases and even can be extended to more cases in the future. In our understanding, no LBT should be workable only if some interference elimination mechanisms are applied on top of it, e.g. Automatic Transmit Power Control (ATPC), Dynamic frequency selection (DFS), duty cycle. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Observation 8: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
On the restriction of the length of a transmission for using No LBT, we think that similar restriction as defined in Type 2C channel access procedure in TS 37.213 can also introduced in above 52.6GHz NR-U frequency band but the length of a transmission can be relaxed. On the contrary, if there is no any limitations on the length of a transmission for using No LBT, it may lead to unfair the opportunities of channel access/occupancy and also violate the basic principle of friendly and fair coexistence, e.g., the transmission of some nodes is continuously blocked, or the effect of persistent interference on devices that have occupied the channel in advance.
Proposal 5: Similar restriction as defined in Type 2C channel access procedure in TS 37.213 can also introduced in above 52.6GHz NR-U frequency band but the length of a transmission can be relaxed.
Furthermore, it is necessary to support certain mechanism to allow the fallback from no LBT to LBT, if the above mentioned condition on No LBT is not satisfied. This can be triggered by gNB explicitly or implicitly, e.g. based on the interference level or correctly decoding rate.
Proposal 6: Conditions for No LBT fallback to LBT should be further studied, e.g., based on the interference level or correctly decoding rate.
 LBT Mechanism
1.1.1.1  Omni-directional LBT
In low frequency (e.g., below 7 GHz), in order to guarantee fair coexistence with the incumbent Wi-Fi system such as 802.11 ac/ax in the unlicensed carrier, omni-directional LBT with energy detection considering no array gain was introduced in LTE-LAA/eLAA/FeLAA/NR-U. 
In high frequency, similar omni-directional LBT is used in IEEE 802.11 ad/ay for 60 GHz frequency band. However, for release 17 NR-U, if such omni-directional LBT is simply copied in NR-U above 52.6 GHz frequency band, this will be able to cause a sensing inaccuracy problem, or “over protection” issue. For example, high interference detected on the omni-directional beam range could block the transmission on narrow directional beam range even if the transmission does not interfere with the transmission of the other nodes in the other beam directions. 
Based on the above analysis, it is necessary to study directional LBT mechanism for directional transmission in order to improve the probability of channel access and spatial reuse.
1.1.1.2  Directional LBT
Based on the analysis of Section 2.4.2.1, we can know that directional LBT may be a good choice to increase the opportunities of channel access and achieve better spatial reuse compared to omni-directional LBT without causing any significant interference problem. Wherein, for directional LBT, the transmitting node performs energy detection with directional beam instead of omni beam. 
Regarding directional LBT, the first problem we need to discuss and determine is the relationship between the sensing beam and the transmission beam. Such relationship has been extensively discussed, but there is no a consensus. In the RAN1 #106 e-meeting, some potential alternatives on how to define sensing beam “covers” transmission beam have been discussed and reached a fundamental conclusion as below:  
	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




For Alt1, we think that RAN1 can consider further discussing these candidate Alt-1x and try to down-select in order to reduce RAN4’s workload. If any of these Alt-1x is selected, RAN1 can send an LS to RAN4 to inform RAN1’s conclusion and request RAN4 to specify related requirements and tests. However, for the candidate schemes listed in Alt-1, Alt-1A seems to be simplest way to define “covers”. For Alt-1B to Alt-1D, Alt-1C and Alt-1D may provide a set of  potential eligible sensing beams, which will be helpful to improve the probability of channel access compared to Alt-1B. Wherein, the difference between Alt-1C and Alt-1D is that Alt-1C is to compare the sensing beam gain measured along the chosen directions with the transmission beam gain in those directions, while Alt-1D compares the sensing beam gain measured along the chosen directions with sensing beam gain in the peak transmission direction. Specifically, why transmission beam gain in the transmission beam EIRP direction is replaced by sensing beam gain in the peak transmission direction needs to be further clarified. Different from other schemes, Alt-1E attempts to define  one-to-many “covers” relationship between sensing beam and transmission beam. For the above mentioned method, we think they can be discussed case by case, such as one-to-one, one-to-many and many-to-one “covers” relationship between sensing beam and transmission and considering workload left to RAN4.
For Alt2, the definition of sensing beam for a transmission beam for gNB side can be left to the implementation in order to provide more flexibility to gNB. While for UE side, if beam correspondence is supported, then we can assume that the interference conditions in the sensing/receiving beam and the transmission beam are almost the same such that the node can relatively accurately assess the interference within the transmission beam range. For this case, we need to specify some rules to let UE know sensing beam information for LBT corresponding to transmission beam, e.g., SpatialRelationInfo or Rel-17 unified TCI framework to define the relationship between transmission beam and sensing/receiving beam. Specifically, which method will be used depends on UE capability. For the case of wider sensing beam for a narrower transmission beam, we think it can be left to the UE implementation. However, if beam correspondence is not supported for UE side, or there is no capability of supporting beam correspondence for a UE, we think it is a natural way to fall back to Alt1 to determine sensing beam.
Proposal 7: If directional LBT is supported, it is necessary to further define the relationship between sensing/receiving beam(s) and transmission beam(s) and at least one of the following methods can be considered :
· If Alt1 is supported, it is recommended that RAN1 can further discuss all potential candidate alternatives and try to down-select in order to reduce RAN4’s workload.
· If Alt2 is supported, 
	-	For gNB side, Option 1 that “The selection of eligible sensing beam for a transmission beam is left for gNB implementation” can be considered in order to provide more flexibility to gNB.
	-	For UE side, 
· if beam correspondence is supported, SpatialRelationInfo or Rel-17 unified TCI framework can be used for defining the relationship between transmission beam and sensing/receiving beam. Wherein, which method will be used depends on UE capability.
· If beam correspondence is not supported, Alt 1 can be considered for determining the relationship between transmission beam and sensing/receiving beam.
The second issue on directional LBT is what type of LBT is used for the transmission with multiple beams in spatial domain multiplexing (SDM). Based on the agreement of the RAN1#104 e-meeting, we can see that two types of LBT are provided, copied below:
· 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.
In RAN1#104bis e-meeting, the following alternatives for Alt 2 are further reached consensus, as follows:
· 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
For Alt-1, it means the result of one LBT that covers all transmission beams can decide whether to allow transmitting transmission in unlicensed band. Once one LBT with wide beam cover all transmission beam is performed failure, then the device will not be allowed to transmit transmission in any of all transmission beams, which will result in the loss of transmission opportunities and some unnecessary waste of resources due to not all transmission beams experience severe interference.
Compared with Alt-1, Alt-2 can overcome or alleviate the issues existed in Alt-1 and increase the probability of accessing channel to some extent. For Alt A-1, it needs more time to complete LBT procedure for all sensing beams in turn. If LBT procedure on one of the beams is blocked, LBT on other beams will not start to be performed, this will further increase delay for all subsequent transmissions. For Alt A-2, the transmission with beam is transmitted immediately after the sensing is finished for this beam. For Alt A-3 and Alt B, their common ground is both support eCCA performed in different beams simultaneously. The difference point is Alt A-3 need to perform eCCA in different beams in turn, which will further increase LBT overhead, while Alt B can support like-type B multi-channel access method. Based on this, for Alt A, we tend to support Alt A-2 or Alt A-3. but compared with Alt A, we prefer Alt B. Further, if Alt B is supported, its design can refer to multi-channel access procedure specified in TS 37.213 or take multiple-channel access procedure as a starting point of study.
Proposal 8: Considering transmission opportunity and utilization of resource, Alt2 that “multiple per-beam LBT that cover multiple transmission beams used in COT” should be considered for the transmission with multiple beams in spatial domain multiplexing if directional LBT is supported.
Proposal 9: Considering LBT overhead and transmission delay, Alt B that“The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams” should be considered for the transmission with multiple beams in spatial domain multiplexing if Alt 2 is supported.
The third issue on directional LBT is the rule of LBT used for the transmission with multiple beams in time domain multiplexing (TDM) within a COT. Based on the agreement of the RAN1#104 e-meeting, the candidate schemes are provided below:
· 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 RAN1#104bis e-meeting, the following alternatives for Alt-2 or Alt-3 are further reached consensus, as follows:
· 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
Alt-1 will be beneficial to reduce overhead of LBT at the expense of channel access opportunity and resource utilization. Further, if the device only performs a directional LBT or omni-directional LBT at the beginning of the COT while does not perform any LBT operation before beam switching within COT, it may cause a problem that within COT some beams experience an unoccupied channel and the other beams encounter a channel with higher interference from other coexisting nodes. Therefore, at least for beam switching within COT, it is necessary to introduce additional directional LBT. Besides, the concept of “cover” also needs to be further clarified and given a clear definition.
Compared with Alt-1, Alt-2 and Alt-3 can provide more the chances of channel access and degrade the waste of resource. Further, the difference between Alt-2 and Alt-3 is that whether to introduce a one-shot LBT performed before beam switch in COT. For the former, transmission on some beams within COT may suffer from the strong interference that is different from interference state evaluated at the start of COT due to any LBT operation is not performed before beam switch. For the latter, it can avoid the above issue mentioned in Alt-2 and helps to achieve friendly and fair coexistence with the nodes of same/different system because the device will perform LBT operation before beam switch to avoid unnecessary interference to other nodes that is going to transmit transmission. Preferably, multiple beams based LBT can be considered to improve the probability of accessing channel. As for the analysis on alternatives in Alt-2 or Alt-3 can refer to the case of a COT with MU-MIMO (SDM) transmission mentioned above.
Proposal 10: Considering transmission opportunity and unnecessary interference to other device that is going to transmit transmission, Alt-3 that “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” can be considered for the transmission with multiple beams in time domain multiplexing, if directional LBT is supported.
· Considering LBT overhead and transmission delay, Alt B that“The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams” should be considered if Alt-2 or Alt-3 is supported

1.1.1.3  Cat2 LBT
In the RAN1 #106 e-meeting, Cat2 LBT has been supported for responding device of  COT sharing case. But there is still some remaining issues to be discussed and determined, such as use cases except for COT sharing case and the maximum gap Y value if Alt3 is used.
For the first issue, we think that the following several cases may need to consider/use Cat2 LBT: 1) Resuming transmission/beam switching situation; 2) Type B multi-channel access procedure; 3) Rx-assisted LBT when COT is initiated by transmitter.
For the second issue, some candidate options have been discussed but there is no down-selection among them. In this regard, we think we can reuse similar rule as specified in LTE-LAA, e.g., the maximum gap Y between the ending of transmission for initiating device and the starting of transmission for responding device can be set as 8us that is at least equal to the duration of  Cat2 LBT. 
For Option 2, as long as the number of OFDM symbols is at least equal to the duration of Cat2 LBT, such method can be also considered. However, for Option3, we are not sure if gNB can guarantee the maximum gap Y is equal to or larger than the duration of  Cat2 LBT.
Proposal 11: Cat 2 LBT can be considered in the following use cases:
· 1) Resuming transmission/beam switching situation; 
· 2) Type B multi-channel access procedure; 
· 3) Rx-assisted LBT when COT is initiated by transmitter.
Proposal 12: For the maximum gap Y, similar rule as specified in LTE-LAA can be reused, such as Option1 that “Y=8 us (motivated by need to operate in all regions)” that is at least equal to the duration of Cat2 LBT.
 Receiver Assisted Channel Access
On receiver assisted channel access and interference management have been discussed and the lastest conclusion is as following:
	Agreement (RAN1 #106 e-meeting):
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS
· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).
· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval
· L1-RSSI is reported in an AP-CSI report
· L1-RSSI trigger in UL grant
· FFS if L1-RSSI trigger can also be carried in DL grant
· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline
· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed
· FFS: How to indicate the measurement beam for L1-RSSI
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission
· New RTS/CTS-like signaling introduced. 
· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens
· Scheme 4: Legacy L3-RSSI with potential enhancements
· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths
Note: The schemes listed above are not mutually exclusive and should be discussed separately


For Scheme 1, we understand that L1-RSSI measurement has not been supported in the existing specs and even if it may be supported in Rel-17 above 52.6GHz, we still think it is very similar to CCA/eCCA based receiver assistance. With that in mind, it seems that the simpler and more direct way is to adopt CCA/eCCA based receiver assistance, while not L1-RSSI based receiver assistance. Besides, if Scheme 1 is supported, some details and related standardization impacts still need to be further discussed and determined in the limited remaining time such as resources, triggering signalling, processing timeline, measurement beam, reported contents and so on. 
For CCA/eCCA based receiver assistance, we tend to support Scheme 2 compared to Scheme 3 since the existing channel/signal can be used to trigger and transmission assistance information without introduction/definition new RTS/CTS-like signaling. However, for remaining FFS in Scheme 2-1, we think whether the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission can be left to the implementation. For example, if same DL DCI is used to trigger/schedule UL transmission and DL data transmission, we just need to consider whether DL data transmission is within COT and the gap length between the ending of UL transmission and the starting of DL data transmission. when it is within COT, if gap is not larger than the threshold value (e.g., the maximum gap Y ), gNB cannot perform LBT before DL data transmission. Otherwise, Cat2 LBT is used before DL data transmission. When is is not within COT, gNB performs eCCA before DL data transmission. If the DCI to trigger/schedule UL transmission and DL data transmission is different, then we need to further consider the  location relationship between the resource of UL transmission and the DCI to schedule downlink data transmission, because this will directly affect the number of performing LBT and the type of LBT used before DL data transmission. Therefore, from the perspective of complexity, we think it is necessary to limit using the same DL DCI signalling to trigger/schedule UL transmission and DL data transmission for Scheme 2-1. 
For Scheme 4, we think it can be considered to be supported when Scheme 2 is not supported or it is regarded as a supplementary method to CCA/eCCA based receiver assistance.
Proposal 13: For receiver assisted channel access and interference management,
· Scheme 2 can be considered for CCA/eCCA based receiver assistance and propose to use the same DL DCI signalling to trigger/schedule UL transmission and DL data transmission considering complexity. 
· Scheme 4 can be considered either as a supplementary method to CCA/eCCA based receiver assistance or when Scheme 2 is not supported.
2.4.4	CWs adjustment
In RAN1#103 e-meeting, it has been agreed that using the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz if LBT is applied. Furthermore, we have also discussed whether it is necessary to support CWs adjustment mechanism but there is no consensus. For this issue, we think the introduction of CWs adjustment is beneficial in some highly congested scenarios and to friendly and fair coexistence with Wi-Fi due to it had been introduced in 802.11ad/ay. Therefore, we understand that current CCA check procedure in EN 302 567 should be regarded as “Cat 4” rather than “Cat 3”. 
Proposal 14: CWs adjustment can be considered to be introduced, which is beneficial in some highly congested scenarios and to friendly and fair coexistence with Wi-Fi.
Proposal 15: Current CCA check procedure in EN 302 567 can be regarded as “Cat 4” rather than “Cat 3”.
2.4.5	The minimum duration of the measurement for deferral period and 5us observation slot
In previous meetings, sensing structure and the location of measurement for deferral period and 5us observation slot have been reached consensus, but there is still one remaining issue to be handled such as the minimum duration of the measurement for deferral period and 5us observation slot. For this, we think 3GPP can follow the definition of energy measurement duration specified in 802.11 ad/ay, e.g., energy measurement duration can be configured as 3us.
Observation 9: For deferral period and 5us observation slot, the minimum duration of energy measurement can be configured as 3us.
2.4.6	The indication of LBT mode and No LBT mode
In the RAN1 #104bis e-meeting, it has been agreed that gNB indicates to the UE which type of LBT mode is used to gNB-UE connection for regions where LBT is not mandated. Further, in the RAN1 #105 e-meeting, both cell-specific gNB indication and UE-specific gNB indication are agreed (related conclusions are copied as below). But there is still some remaining issues to be further discussed and solved. 
	Agreement (RAN1 #104bis e-meeting):
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between
· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication
· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode
· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication

Agreement (RAN1 #105 e-meeting):
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode
· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication



The first remaining issue is the indication of LBT mode is per beam or per cell. We propose that per beam indication should be supported especially for the directional beam transmission mode or directional LBT is introduced or different channel/interference status for different UEs in different beams or different beam pairs between gNB and the UE.
The second remaining issue is whether a gNB and its UE(s) can have different mode. We think that gNB and its UE(s) can have different LBT mode when gNB side and UE side are in different interference environments, respectively. For example, strong interference only exists in the beam direction of the gNB or UE side, for this case, it seems unnecessary to indicate same LBT mode for gNB and UE side.
The third remaining issue is whether L1 signalling can be used for gNB indication. In our view, at least before RRC connection state or highly mobile scenarios, L1 signalling can be supported.
Proposal 16: Support Per beam indication for LBT mode.
Proposal 17: Support gNB and its UE(s) having different LBT mode.
Proposal 18: Support L1 signalling for the indication of LBT mode.
 Energy Detection Threshold
In Section 2.4.2.2, we mentioned that energy detection threshold may need to be adjusted considering mismatch between sensing beam and transmission beam. For example, when sensing beam is wider than or partially overlapping with transmission beam, in order to accurately evaluate the actual interference in the transmission beam, it is recommended to consider introduction an additional factor in current ED threshold formula to reflect the difference of transmission beam and sensing beam.
Furthermore, if the absence of any other technology sharing the channel can be guaranteed on a long term basis (that is, no 802.11 ad/ay Wi-Fi nodes existence), then it seems we can appropriately relax energy detection threshold for NR-U and NR-U coexistence scenarios compared with the threshold of coexistence between NR-U and Wi-Fi. Wherein, similar rule have been supported in LAA and below 7GHz NR-U. 
Proposal 19: Considering potential mismatch between sensing beam and transmission beam, the ED threshold provided by the ETSI BRAN 302 567 can be modified to consider mismatching between sensing beam and transmission beam.
Proposal 20: For NR-U and NR-U coexistence scenarios, its ED threshold can be considered to be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
 Beam Failure Detection
As we know, the related operation on beam failure indication had been introduced in Rel-15/16 NR, e.g., periodically resources, evaluation period, periodicity, triggering condition for beam failure detection. More specifically, when the radio link quality for all corresponding resource configurations in the set [image: ]that the UE uses to assess the radio link quality is worse than the threshold Qout, LR, then the UE provides an beam failure indication from the physical layer to higher layers with a periodicity.
If beam failure detection mechanism specified in licensed band is considered to be used in unlicensed band, then it may not reflect the real beam status due to uncertainly RS transmission under the influence of LBT and COT. For example, if LBT is failed, then gNB cannot transmit RS used for beam failure detection to UE. Otherwise, if LBT is performed successfully, then gNB can send RS to UE within COT. Besides, due to the limited number of RS configured to UE for beam failure detection and COT length, once LBT failure occurred, then the number of RS configured for beam failure detection may be insufficient for evaluating the quality of the beams. Based on this, the procedure of beam failure detection may need to be enhanced under impact of LBT and limitation of COT length. 
Proposal 21: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
 RRC parameters
In the post RAN1 #106 e-meeting, as for chair guidance, RAN1 launched an email discussion in order to collection company views on RRC parameters for Rel-17 above 52.6GHz. Wherein, for channel access part, LBT mode has been captured in the latest RRC excel sheet [6], but specific LBT mode is per beam or per cell has not been determined yet. According to the analysis in section 2.4.6, we believe that per beam is more suitable for LBT mode. Based on this, we suggest that LBT mode in RRC excel sheet can be updated as per beam, if per beam is agreed for LBT mode.
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	Channel access
	
	
	FFS. For cell-specific configuration
	
	LBT-Mode
	New
	
	To switch between LBT and no-LBT mode
	FFS
	
	Per beam
	Cell-specific
	
	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

	Channel access
	
	
	FFS. For UE-specific configuration
	
	LBT-Mode
	New
	
	To switch between LBT and no-LBT mode
	FFS
	
	Per beam
	UE-specific
	
	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


Proposal 22: If per beam is agreed for LBT mode, it is suggested to capture the feature of per beam for LBT mode in Rel-17 RRC parameters list.
 Conclusion
In this contribution, we share some our views on channel access mechanism for 52.6 GHz to 71GHz and provide the following observations and proposals:
Observation 1: It is worth emphasizing that the OCB should be satisfied for each transmitter such as gNB or UE.
Proposal 1: In order to avoid ambiguity about the understanding of nominal bandwidth and resolve the problem of unclear the conclusion for the OCB requirement, it is necessary to give a clear guidance on how to deal with the issue on the nominal bandwidth, e.g., introduce the definition of nominal bandwidth.
Proposal 2: The nominal bandwidth can be defined as follows:
· Nominal bandwidths for the purpose of OCB requirements at the UE are the channel BWs for transmission supported by the UE from the set of channel BWs (carrier BWs) to be defined in 38.101.
· Nominal bandwidths for the purpose of OCB requirements at the gNB are the channel BWs for transmission supported by the gNB from the set of channel BWs (carrier BWs) to be defined in 38.104.
Proposal 3: from the perspective of  the probability of channel access and the waste of resources, it is not recommended that single LBT over all CCs (Alt CA.2. in earlier agreements) is supported for Rel-17 above 52.6GHz.
Observation 2: Other channel/signal is allowed to be multiplexed with a channel/signal that has been regarded as Short Control Signalling only if their total transmission time does not exceed 10ms limitation within 100ms observation period.
Observation 3: If channel(s)/signal(s) is not regarded as Short Control Signalling and not multiplexed with any Short Control Signalling, it is a natural way that such channel(s)/signal(s) cannot apply Contention Exempt Short Control Signaling rule.
Observation 4: 
· For 120 kHz SCS SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period exceeds 10ms limitation within a 100ms observation period required for short control signalling.
· For larger SCS (e.g., 240/480/960kHz) SS/PBCH, transmitted 64 SS/PBCH with 20ms SS/PBCH period does not exceed 10ms limitation within a 100ms observation period required for short control signalling.
Observation 5: As long as total time corresponding to all available UL resources that be used to transmit Short Control Signalling (e.g., Msg1/Msg A/potential Msg 3 ) meets 10ms limitation  within a 100ms observation period, Contention Exempt Short Control Signaling rule can be applied.
Observation 6: Once the transmission of DL/UL channels/signals considered as Short Control Signalling exceeds 10ms limitation, it is a nature way to switch from No LBT mode to LBT mode.
Observation 7: For the case of the transmission of DL/UL channels/signals considered as Short Control Signalling is in a COT initiated by gNB or UE and LBT is performed before Short Control Signalling transmission, it is suggested that such transmission should not be counted into 10ms limitation within the 100ms observation period.
Proposal 4: No LBT can be considered to be used in the following cases:
· Specific areas such as ITU region 2 and 3.
· Interference controlled environment.
· The transmission beams of nodes of different operators in the same system (e.g., NR-U) have little interference with each other.
Observation 8: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Proposal 5: Similar restriction as defined in Type 2C channel access procedure in TS 37.213 can also introduced in above 52.6GHz NR-U frequency band but the length of a transmission can be relaxed.
Proposal 6: Conditions for No LBT fallback to LBT should be further studied, e.g., based on the interference level or correctly decoding rate.
Proposal 7: If directional LBT is supported, it is necessary to further define the relationship between sensing/receiving beam(s) and transmission beam(s) and at least one of the following methods can be considered :
· If Alt1 is supported, it is recommended that RAN1 can further discuss all potential candidate alternatives and try to down-select in order to reduce RAN4’s workload.
· If Alt2 is supported, 
	-	For gNB side, Option 1 that “The selection of eligible sensing beam for a transmission beam is left for gNB implementation” can be considered in order to provide more flexibility to gNB.
	-	For UE side, 
· if beam correspondence is supported, SpatialRelationInfo or Rel-17 unified TCI framework can be used for defining the relationship between transmission beam and sensing/receiving beam. Wherein, which method will be used depends on UE capability.
· If beam correspondence is not supported, Alt 1 can be considered for determining the relationship between transmission beam and sensing/receiving beam.
Proposal 8: Considering transmission opportunity and utilization of resource, Alt2 that “multiple per-beam LBT that cover multiple transmission beams used in COT” should be considered for the transmission with multiple beams in spatial domain multiplexing if directional LBT is supported.
Proposal 9: Considering LBT overhead and transmission delay, Alt B that“The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams” should be considered for the transmission with multiple beams in spatial domain multiplexing if Alt 2 is supported.
Proposal 10: Considering transmission opportunity and unnecessary interference to other device that is going to transmit transmission, Alt-3 that “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” can be considered for the transmission with multiple beams in time domain multiplexing, if directional LBT is supported.
· Considering LBT overhead and transmission delay, Alt B that“The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams” should be considered if Alt-2 or Alt-3 is supported
Proposal 11: Cat 2 LBT can be considered in the following use cases:
· 1) Resuming transmission/beam switching situation; 
· 2) Type B multi-channel access procedure; 
· 3) Rx-assisted LBT when COT is initiated by transmitter.
Proposal 12: For the maximum gap Y, similar rule as specified in LTE-LAA can be reused, such as Option1 that “Y=8 us (motivated by need to operate in all regions)” that is at least equal to the duration of Cat2 LBT.
Proposal 13: For receiver assisted channel access and interference management,
· Scheme 2 can be considered for CCA/eCCA based receiver assistance and propose to use the same DL DCI signalling to trigger/schedule UL transmission and DL data transmission considering complexity. 
· Scheme 4 can be considered either as a supplementary method to CCA/eCCA based receiver assistance or when Scheme 2 is not supported.
Proposal 14: CWs adjustment can be considered to be introduced, which is beneficial in some highly congested scenarios and to friendly and fair coexistence with Wi-Fi.
Proposal 15: Current CCA check procedure in EN 302 567 can be regarded as “Cat 4” rather than “Cat 3”.
Observation 9: For deferral period and 5us observation slot, the minimum duration of energy measurement can be configured as 3us.
Proposal 16: Support Per beam indication for LBT mode.
Proposal 17: Support gNB and its UE(s) having different LBT mode.
Proposal 18: Support L1 signalling for the indication of LBT mode.
Proposal 19: Considering potential mismatch between sensing beam and transmission beam, the ED threshold provided by the ETSI BRAN 302 567 can be modified to consider mismatching between sensing beam and transmission beam.
Proposal 20: For NR-U and NR-U coexistence scenarios, its ED threshold can be considered to be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
Proposal 21: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
[bookmark: _GoBack]Proposal 22: If per beam is agreed for LBT mode, it is suggested to capture the feature of per beam for LBT mode in Rel-17 RRC parameters list.
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