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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] RAN1 should define:
“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”
Multiple Agreements were reached in RAN1#104-e through RAN1#106-e based on the above principles. In this document we provide our views on the open issues after recalling the relevant agreements.



EDT Computation
In RAN1 #104-e the following agreements on energy detection threshold were made:
Agreement:
The baseline ED threshold can be computed as

 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.
· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)
· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
· FFS definition of Operating Channel BW
· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP
· 
Subsequently in RAN1 #104b-e the following working assumption was reached. 
Working assumption:
· [bookmark: _Hlk71146094]For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.
In RAN1#105-e the working assumption was sought to be modified to the following:
· For Pout in EDT determination, define Pout to be at least the maximum of mean EIRP of each transmission burst during the COT at the node initiating the COT. 

Our concern on this proposed modification is that there is no formal definition of a “burst” in B52. In absence of any definition, a COT initiator will essentially assume the entire COT to be one burst and reduce the max_over_(mean burst-EIRP) operation to mean-EIRP-over-COT.  This is because when using the max_over_(mean burst-EIRP) operation over any given set of transmissions in a COT, partitioning them into as few bursts as possible will reduce Pout, and therefore increase EDT and improve access likelihood for that initiating node.  In our understanding, this will defeat the main motivation of the proponents behind introducing the proposal which implicitly assumes a burst to be a (near-)contiguous set of transmissions along some beam.  In particular, the intention then is to  avoid taking temporal average of EIRPs across bursts and avoid computing average EIRP over different beams possibly even within a burst. To see the former point, consider the  illustration in Fig. 1 which shows skewed combinations of  beam EIRPs and their durations. Using the mean over all per-beam EIRPs for such a combination can violate the principle behind the ETSI BRAN specification [3]. The latter statement is in the sense that for a substantial duration of the acquired COT the EIRP can be above Pout, contrary to ETSI BRAN, which we note considers a single transmission burst during the COT and mandates that its EIRP must not exceed Pout. With this understanding, the mean in the proposed modification should be over temporal dimension (duration of burst) and max should be over both candidate bursts and over all directions.
We believe this will be consistent with adaptivity test description in 5.3.8.2 of ETSI BRAN document which uses “maximum EIRP” to specify the angular direction in which the interference signal must be aligned.   
Therefore, we can elaborate on the proposed modification of Pout as in the following proposal:
Proposal 1: For Pout in EDT determination, define Pout to be at least the maximum of mean EIRP of each transmission burst during the COT at the node initiating the COT. Maximum is determined over all candidate bursts and over all directions, whereas mean is computed over burst duration. 
· Burst is a set of (near-)contiguous transmissions from a gNB/UE (as defined in 37.213 section 4.0)

[image: ]
Fig 1. Skewed bursts within COT

Another issue that merits consideration, is that neither the working assumption nor its proposed modification seem to be well matched towards a scenario in which multiple LBT sensing beams (considering different intended transmit beams) are implemented by an initiator node. The latter scenarios have not been precluded and are still being considered for further study. Their main intention is to utilize spatial reuse opportunities, i.e., sensing along one or more beams may be successful (in finding the channel idle) while others are not. For such a scenario it is evident that using a separate EDT for each sensing beam is beneficial. In particular, the Pout definition that is used in the EDT computed for each sensing beam must consider the transmit power and beamforming gain of the intended transmit beam (via a specific EIRP). Using a common maximal EIRP across all sensing beams may degrade spatial reuse possibilities thereby negating the main advantage of multiple sensing stages. An illustration is provided by an example depicted in Fig.2 where the Tx upon acquiring the COT intends to transmit in a TDM fashion to Rx-A (burst-1) and Rx-B (burst-2). Rx-A is relatively closer and has LoS to the Tx but Rx-B can only be reached via a reflected path and hence requires higher effective transmit power to overcome the larger propagation loss and additional loss due to reflection. 
This is depicted in Fig.3 where the burst-2 associated with transmission to Rx-B has significantly higher  EIRP than the burst-1 associated with transmission intended for Rx-A. Then, using a common EDT based on Pout computed using the higher or maximal EIRP (EIRP-2) can degrade acquiring channel along Tx beam-1 by being overly conservative. We capture this in our following observation and then present our proposal. 
Observation 1. Using common Pout (common EDT) for multiple sensing beams can limit spatial reuse.
Proposal 2: Utilize a separate EDT for each sensing beam.
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Fig 2. Multiple beam transmissions within COT
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Fig 3.  Disparate EIRPs within COT

Another issue of interest is further adjustment on ED threshold based on the sensing beam and the transmission beam (with the caveat that further adjustment should not violate EDT requirements as per regulations). Views on the following options were sought in RAN1#106-e. 
· Alt A: Support additional adjustment to Energy Detection computation/threshold to include transmit beamforming and/or sensing beam 
· Alt B: No additional adjustment to Energy Detection computation introduced (Energy measurement directly compared with baseline EDT agreed no matter which transmit beamform(s) and sensing beam(s) are used

We support Alt A and believe the gain of the sensing beam (relative to an omni reference) should be considered at-least in the prominent directions in which intended transmit beam has high gain. This can be done by appropriately adjusting EDT.  One argument against further adaptation to EDT is that transmit beamforming via EIRP is already accounted for and any more adjustments can only be made to make the EDT lower (i.e., more conservative).This argument in our opinion is misleading. Clearly if the sensing gain is relatively higher along on or more directions then the initiator can adjust its sensed energy accordingly (which is equivalent to adjusting the EDT based on sensing gain and its relation to transmit beamforming gain).  Alt-B does not even seem to allow adjusting the sensed energy before comparing to the baseline EDT. Also, with respect to scaling the EDT, we believe the no scaling or adjustment of EDT should be done when near 0-dBi or close-to-omni sensing beam is used. This is because if we use zero adjustment in case of matched sensing and transmit beams, then the EDT would decrease for the near-omni sensing beam case. This effectively means that the EDT under omni sensing would be lower (even more stringent) which would not be beneficial considering competing technology which also uses near-omni sensing. We summarize our preference in the following proposal:
Proposal 3: Support additional adjustment to Energy Detection computation/threshold to include transmit beamforming and/or sensing beam. The value of the adjustment to ED threshold based on the sensing beam and the transmission beam should be zero if pseudo-omni (near 0dBi) gain sensing beam is used. 
Relation between Sensing and Transmit Beams
The following agreement was reached during RAN1#106-e [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

[bookmark: _Hlk71165436]We support in principle both Alt-1 and Alt-2. However, agreeing on (some slight modification if necessary) of Alt-1 seems to be more   within reach. This is because Alt-2  has difficulty defining beam correspondence for gNB (which hitherto has not been done), with one option in-fact leaving it to implementation. Further, it does not detail the extension of beam correspondence to correspondence between one receive (one sensing) and multiple transmit beams. Considering the timeline and need for progress our preference is to focus first on Alt-1.
Regarding Alt-1 there is already a baseline of using Omni type wide sensing beam in NRU and 802.11ad and a one-to-many cover relation (between one sensing and multiple intended transmit beams)  is thus already present. However, the challenge now is to allow directional sensing beams while respecting ETSI BRAN principles. Here we note that there are two points: (i) a sensing beam must have enough sensing gain in the directions in which proposed transmissions during the COT will inject interference and (ii) conversely the sensing gain can be smaller in directions that will see no or negligible transmit power. Out of these two requirements we believe the first one is critical since the initiating device will already be biased towards ensuring (ii). With this understanding let us examine the four options under Alt-1.   
The first four options (Alt-1A to Alt-1D) under Alt-1 specify relations between a sensing and transmit beam pair, so in the case one sensing beam covers a set of multiple transmit beams these relations are defined pair-wise between the (common) sensing beam and each of the transmit beams it seeks to cover. 
The final fifth option under Alt-1 (Alt-1E) attempts to directly specify one-to-many cover requirement and attempts to enforce directional sensing. Indeed, the intention behind the minimal beamwidth requirement is to avoid having a significant sensing gain in directions that do not correspond to peak transmit directions, albeit a formulation for designing the sensing beam has not yet been provided. 
[bookmark: _Hlk78990005]Proposal 4: Consider cover relation based on Alt-1. 

RAN1 should strive to capture to capture a cover definition. If no agreement can be made at the very least RAN1 should provide basic guidance to RAN4. For that scenario, we propose the following modified version of a high-level outline proposed in [4] during the last meeting where we have shaded our changes in green. The parts shaded in yellow are changes in [4] made over the ETSI BRAN specification.  
A channel access procedure is a procedure based on sensing that evaluates the availability of a channel for performing transmissions. The basic unit for sensing is a sensing slot with a duration . The sensing slot duration  is considered to be idle if an eNB/gNB or a UE senses the channel during the sensing slot duration with adequate sensing gain in at-least the intended transmit directions, and determines that the detected power at-least in the intended transmission directions for at least  within the sensing slot duration is less than energy detection threshold . Otherwise, the sensing slot duration  is considered to be busy.
Cat 2 LBT and Maximum gap
The following agreement on the optional use of CAT-2 LBT was reached in RAN1#106-e meeting [2].
Agreement:
On COT sharing from an initiating device transmission to responding device transmission, support both of the following two alternatives
· Alt 1: No maximum gap defined between the initiating device transmission and responding device transmission. A responding device transmission can occur without LBT with any gap within the maximum COT duration
· Alt 3: Define a maximum gap Y, such that a responding device transmission can occur without LBT only if the transmission starts within Y from the end of the initiating device transmission. If the responding device transmission starts after Y from the end of the initiating device transmission, a Cat 2 LBT is needed before the responding device transmission.
· The Cat 2 LBT uses the same sensing structure as the 8 us initial deferral period as in eCCA
· Further down-select between the following options:
· Option 1: Y=8 us (motivated by need to operate in all regions)
· Option 2: Y=a multiple number of OFDM symbols
· Option 3: gNB determines Y (for example, according to local regulation)
· Cat. 2 LBT is a UE capability
· The usage of the two alternatives is a gNB choice and depends at least on local regulations.
Note: Alt. 3 is motivated by the regulations in Japan, but use of Cat. 3 LBT is also an option for operation in Japan and Cat. 2 LBT is not restricted for use only in Japan. 
Note: Maximum gap allowed without Cat 2 LBT between two initiating device transmissions is to be separately discussed
Note: Other use cases of Cat 2 LBT will be separately discussed. 

In the above agreement we prefer option 3, i.e., gNB determining Y since it will provide enough flexibility. 
Regarding other use-cases of Cat. 2 LBT, in our opinion Cat. 2 LBT is a short deterministic LBT that is useful for a quick evaluation of the channel availability. In ETSI EN 302 567 [3] the total time that the equipment initiating transmission makes use of an operating channel is defined as the Channel Occupancy Time. This Channel Occupancy Time (COT) shall be less than 5 ms, after which the initiating device shall perform a new CCA Check.  The document does not specify if the device can have gaps of the channel usage (transmissions) during COT and how long such gaps may be.   
For the CCA check procedure an initiating device observes the channel for at least 8us and if the channel is found not occupied defers for a random number (0 to Max number) of empty (not occupied) slots (5us each), where the Max number is 3 or larger.  Thus, the CCA check operation can take up to 23us for the Max number equal to 3. Consequently, if there is a significant gap (i.e., no transmissions from the original node that acquired the channel) during the COT, it might result in another LBT initiator to detect the channel as idle and begin its transmissions. The transmissions from the second initiator node can interfere with and get interfered by the transmissions from the original one when the latter resumes transmitting. A one-shot LBT by the first node will protect the transmissions of the second node. This arrangement also dis-incentivizes adoption of a proactive excessive channel acquisition policy by an initiating node, i.e., a policy under which a node (gNB) acquires a COT (with a relatively long duration of 5ms) even though it anticipates sparse usage. Without a Cat 2 LBT such a node may transmit after a long gap (during which there are also no transmissions from responding node(s)) and disrupt transmissions of other co-channel nodes that have initiated transmissions in the interim. However, if a Cat 2 LBT is required before resuming transmissions after such a gap, then that node may be forced to refrain from transmitting once it detects the channel as busy. 
Proposal 5: Define a maximum gap Y, such that a later transmission from an initiating node can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission from the initiating node or a responding node. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT:
· FFS: Specific value of Y.
Another use case when CAT 2 LBT can be supported is when per-beam LBT before acquiring a channel is allowed. The justification here is similar to that given for the previous proposal. In particular, a significant gap between the time LBT is carried out for a beam and the time that beam is eventually applied can result in other nodes in the interference footprint of that beam becoming active during the gap.  
[bookmark: _Hlk71165909][bookmark: _Hlk79103253]Proposal 6:   When independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, an additional requirement on Cat 2 LBT before switching to new beam  during the COT should be specified if the time duration from the initial LBT sensing for that beam exceeds a threshold.
Contention Exempt Short Control Signaling
We recall the following agreement from RAN1#105-e. 
Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc

Our preference is for Alt-1 since otherwise there would not be any bound on the contention exempt signaling at a cell level. Further, regarding the types of signals that can be classified as contention exempt signals, we are open to discuss inclusion, as long as the 10% limit can be enforced. 
 
Proposal 7: 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.
  FFS Candidates for short control exempt signaling subject to enforceability of 10% limit.  
RX Assistance
[bookmark: _Hlk80964650]We recall an agreement on receiver assistance from RAN1#106-e meeting [2]. 
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.
 
[bookmark: _Hlk71165977][bookmark: _Hlk71166022]In our view the goal of the receiver (a.k.a. responding device) assistance is to assess the local resource availability prior to the transmission and inform the transmitter if that resource is available.  A key advantage of receiver assistance is that it allows for mitigation of the hidden node problem. It is recognized that while directional sensing based LBT at the transmitter side reduces number of exposed nodes, it can still be sensitive to the hidden node problem.  Indeed, given the highly directional nature of transmission and reception, interference reciprocity does not hold in many instances, i.e., the transmitter via sensing may be unable to sense a source of interference to the receiver.  In such instances assistance from the receiver is beneficial.   NR already offer multiple tools for interference assessment such as CSI-IM (ZP-CSI-RS), and NZP-CSI-RS with flexible resource and time configurations (aperiodic, periodic, or semi-persistent). Therefore, a straightforward way to implement a receiver assisted LBT is by extending the existing mechanisms (such as CSI-IM or configured ZP-CSI-RS) to the specifics of shared spectrum operation.  
To provide a report on the resource availability, the receiver can measure the received RF power (for instance RSSI) over the provisioned resources (frequency, spatial filter or measurement beam) for a specific duration (specific number of symbols) based on the LBT type and  compare the received energy with an energy detection threshold, in order to decide if the resource is clear (available) or not. This can be achieved by enhancement of the ZP-CSI-RS to extend to multiple consecutive OFDM symbols. The receiver must then report to the transmitter the resource availability for a transmission. The report from the receiver should be timely and as short as possible (to avoid errors and overhead), therefore a report providing a simple map of the resource availability is a better tradeoff. Such a map, for instance, can comprise of outcome results of comparing measured powers against a threshold. 
Considering the schemes listed for further consideration in the agreement, we see that scheme-1 and scheme-2 can support the aforementioned desirable features to varying extent.  In this context, we note that  receiver-side only LBT can address the hidden node problem (by accurately sensing the interference level at that receiver) but it need not always be sufficient to protect ongoing transmissions. We believe scheme-3 will result in significant specification effort on new signaling instead of relying on enhancing and exploiting available NR mechanisms. While we are open to scheme-4 it seems doubtful if the timelines for effective receiver assistance can eventually be supported by it.    
 
Proposal 8: Further discuss scheme 1 and scheme 2 for receiver assistance. 
LBT and No-LBT Signaling and Related Procedures
In RAN1#105-e the following agreement was reached. 
Agreement:
[bookmark: _Hlk78736888]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

In RAN#106b-e no further agreement pertaining to LBT indication was made but views we sought whether the indication of the decision on applying LBT mode or no-LBT  mode can be per beam (i.e., can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or not. Specifically, positions on the following two alternatives were sought.  
· Support per beam indication of the decision on applying LBT mode or no-LBT mode
· Do not support per beam indication of the decision on applying LBT mode or no-LBT mode: 
We do not see enough justification for further allowing a per-beam LBT enable/disable signaling. This provides additional option (compared to per-UE LBT enable/disable) mainly in the scenario when a single user communicates using more than one beams, but then it opens up multiple issues in terms different completion times for multiple LBT processes at the same user.
Proposal 9: For regions where LBT is not mandated, indication of UE specific per-beam LBT/no-LBT indication from the gNB is not supported. 
In our opinion operating without LBT and without any additional policy to address coexistence (or managing interference) can result in degraded performance in several cases. In this context, we note that while it is tempting to assume that there is an absence of significant interference in the beyond 52.6 GHz (NR_ext_to_71GHz) frequency range due to narrow beams and high propagation loss, it so happens that such optimistic assumptions need not always hold. Indeed, as demonstrated in [6] for legacy (802.16ad) WiFi devices operating in 60GHz, beams realized via practical devices have considerable sidelobes which, along with out-of-band emissions, can be a source of significant interference. Such interference is particularly detrimental since it is a spurious transmission that does not benefit any receiver.  Moreover, the commonly used default mode in several legacy Wifi devices, at-least in the indoor settings, is to use omni RX beams. This is because while it is recognized that finer RX beamforming can alleviate the interference problem, the caveat is that there can be increased training overhead and higher susceptibility to blocking upon using such beamforming. Thus, there can be vast disparities in the capabilities (in terms of out-of-band emission suppression, TX and RX beamforming capability etc.) and operational settings among co-existing devices. In addition, there is an asymmetry inherent in interference among co-existing links, i.e., one TX-RX link can suffer much more interference from a coexisting active link while imposing substantially less interference on that link. Together, these factors imply that operating without LBT and without any form of interference mitigation policies can lead to reduced system throughput and/or degraded fairness. One approach that seems feasible is for each device to adopt a policy of a certain channel vacation after each acquired CoT, and such a policy will be more effective if it accounts for the disparity prevalent among co-existing devices. 
[bookmark: _Hlk68467852]Proposal 10:  In deployments without LBT consider specification of channel vacation policies accounting for disparity among co-existing devices.

1 Conclusions

Proposal 1: For Pout in EDT determination, define Pout to be at least the maximum of mean EIRP of each transmission burst during the COT at the node initiating the COT. Maximum is determined over all candidate bursts and over all directions, whereas mean is computed over burst duration. 
· Burst is a set of (near-)contiguous transmissions from a gNB/UE (as defined in 37.213 section 4.0)

Observation 1. Using common Pout (common EDT) for multiple sensing beams can limit spatial reuse.

Proposal 2: Utilize a separate EDT for each sensing beam.

Proposal 3: Support additional adjustment to Energy Detection computation/threshold to include transmit beamforming and/or sensing beam. The value of the adjustment to ED threshold based on the sensing beam and the transmission beam should be zero if pseudo-omni (near 0dBi) gain sensing beam is used. 

Proposal 4: Consider cover relation based on Alt-1. 

Proposal 5: Define a maximum gap Y, such that a later transmission from an initiating node can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission from the initiating node or a responding node. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT:
· FFS: Specific value of Y.
 
Proposal 6:   When independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, an additional requirement on Cat 2 LBT before switching to new beam  during the COT should be specified if the time duration from the initial LBT sensing for that beam exceeds a threshold.

Proposal 7: 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.
  FFS Candidates for short control exempt signaling subject to enforceability of 10% limit.
Proposal 8: Further discuss scheme 1 and scheme 2 for receiver assistance

Proposal 9: For regions where LBT is not mandated, indication of UE specific per-beam LBT/no-LBT indication from the gNB is not supported. 
Proposal 10:  In deployments without LBT consider specification of channel vacation policies accounting for disparity among co-existing devices.
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