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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#106bis-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:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.
No consensus on modifications on this working assumption (which aim to make it less conservative) could be achieved. Consequently, in RAN1#106bis-e the following proposal to agree on the working assumption with further clarifications was floated [4]. 
Proposal:
For Pout in EDT determination, define Pout as the maximum EIRP of the intended transmissions by the node determining EDT during a COT.
FFS: How the node determines maximum EIRP of intended transmissions in a COT

We support the above proposal.  Regarding determination of max EIRP determination at the initiating node, one straightforward option is to set it to be the maximum product of the initiating node’s transmit power times its estimated beamforming gain, with the maximum being over all transmit beams the initiator intends to use during the COT. This approach of determining max EIRP offers some advantages. Firstly, it does not require determining the exact mean EIRP. The exact mean EIRP computation entails knowing all scheduling decisions over the COT duration in advance, which is impractical. In addition, the max EIRP avoids taking an average over spatial directions as well as an average across time. Both these averages can potentially violate the principle behind the ETSI BRAN specification [3]. The latter statement is in the sense that either along a certain spatial direction or for a substantial duration of the acquired COT the actual EIRP can be above the computed Pout, contrary to ETSI BRAN. ETSI BRAN we note considers a single transmission burst during the COT and mandates that its EIRP must not exceed Pout.
[bookmark: _Hlk71146094]
Proposal 1: For Pout in EDT determination, define Pout as the maximum EIRP of the intended transmissions by the node determining EDT during a COT.
· EIRP of an intended transmission in a COT can be determined as the product of transmit power and beamforming gain estimated for that transmission.


Another issue that merits consideration, is EDT computation for 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.1 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.2 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 1. Multiple beam transmissions within COT
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Fig 2.  Disparate EIRPs within COT

2.1 Additional adjustment to EDT

In RAN1#106bis-e the following alternatives on how to adjust the EDT were considered (at-least for the UE side). It was noted that  extra backoff (conservative) EDT being applied as UE implementation is not ruled out. 
· Scenario 1. For UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1} and when the same TX beam is used for sensing, no additional EDT adjustment is introduced

· Scenario 2: For other cases (other than scenario 1) where sensing beam “covers” the transmission beam and has lower beamforming gain, the EDT is adjusted lower/tighter by the difference between the antenna gains of the sensing beam and transmission beam
· Note: This is to make sure the same jammer at the transmission beam direction can be detected with the lower gain sensing beam

· Scenario 3: If UE uses omni beam for sensing, no additional EDT adjustment is introduced. If UE is using a directional beam for sensing (with positive antenna gain, so the UE will see higher energy level compared with omni sensing beam), either EDT is adjusted higher/looser by the antenna gain or the measurement energy is adjusted lower by the antenna gain before measured energy is compared with EDT


In our opinion Scenarios 1&2 define a consistent and valid approach. Scenario 3 is also a consistent approach, but its validity needs to be debated. Indeed, if Scenario-3 is valid then Scenarios 1&2 will be more conservative than is required.  We elaborate on this aspect next.
Consider the case with directional transmission such that Pout captures transmit (TX) beamforming gain. Here under Scenario-3 the EDT for omni and directional sensing would be (E, E + G_sense), respectively, for the given directional transmission, where the EDT E includes transmit beamforming gain via Pout and G_sense is the sensing gain in the direction of transmission. If this EDT pair with omni and directional sensing meets regulation, then Scenario 3 is also valid and consistent. This would imply that Scenarios 1&2 are more conservative than required. This is because in Scenarios-1&2 the corresponding EDT for omni and directional sensing would be (E-G_sense, E), respectively. Therefore, if there is another technology operating on the band using Scenario-3, there can be a disadvantage to NR B52 using Scenarios-1&2. 

Let us now consider the validity of Scenario-3. In this context, to clarify the role of sensing gain the following views were discussed during RAN1#106bis-e.

· View 1. The energy at gNB/UE is measured after antenna and antenna gain is included in the energy measurement. The energy measurement is directly compared with EDT
· View 2. The energy at gNB/UE is measured before antenna and does not include antenna gain. To come up with this measurement, the gNB/UE need to deduct the antenna gain from the energy measured. After deduction, the energy is compared with EDT.

One concern on View 2 that was raised was that no matter how large the antenna gain is, the same LBT pass or fail decision will be made as it does not depend on antenna pattern. However, if a node transmits further away (with larger EIRP), it will impact victims further away and should backoff more on ED. We note that a node transmitting with larger EIRP will have larger Pout and will therefore have a stricter EDT. 
View 1 insists on further increasing the sensed energy based on the sensing gain whereas View 2 does not. 
Therefore, if omni sensing for any directional transmission (as long as Pout captures TX beamforming gain) is valid, then View 1 is making the node satisfy a stricter requirement than is needed. 

Unfortunately, ETSI BRAN does not specify any assumption on the sensing gain (as opposed to NRU in 5GHz band where 0dBi receiver sensing gain is assumed for the EDT formula). The test in ETSI BRAN seems to imply certain tuning of the receiver towards direction of transmission but isn’t clear on the level of resulting sensing gain. As a result, there is a risk that assuming 0dBi as the reference gain for the EDT formula can be too aggressive.  This aspect needs further discussion. In absence of any consensus a conservative view as in Scenario 1&2 (aligned with View 1) can be adopted. 



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, and its conformance with regulation can be ascertained. Failing which the adjustment should be zero when a sensing beam matched to transmit beam is used.

2.2 Energy Sensing

The following agreement on energy sensing was made in RAN1#106bis-e.
[bookmark: _Hlk86418005]Agreement:
Confirm the WA with the following updates: For energy measurement in 5us observation slot   location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

The remaining issue with respect to energy sensing is whether a minimal sensing duration should be imposed. A key argument for imposing such a minimal duration is to ensure that the variance in measurements is kept in check so that noisy measurements do not result in spurious LBT pass decisions. Furthermore, there is a concern that implementation can perform multiple sensing measurements and declare channel to be idle even if one such measurement is below the EDT.

In our view, appropriate test can ensure certain level of implementation fidelity and sensing duration can be left to implementation. 
 
Proposal 4: For energy measurement in 5us observation slot duration of the measurement within the 5us is left for implementation. 
Directional LBT: Relation between Sensing and Transmit Beams
The following agreement on directional LBT was reached during RAN1#106bis-e [4]. 

[bookmark: _Hlk71165436]Agreement:
· When UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, support the following behaviors
· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing
· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing
· FFS: The case when UE does not indicate a capability for beam correspondence
· Note: The UE should meet local regulatory requirements

In addition, to address the remaining cases (including the FFS in the above agreement) another proposal was discussed during RAN1#06bis-e and received good support. 
Proposal 
For the following 
· Sensing at gNB
· FFS: UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· FFS: UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={0} before UL beam management procedure
· UE uses a different beam for sensing than the beam used for transmission, 
Specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)
· 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
It is up to RAN4 to further decide for gNB or UE separately if such test or requirement is not needed or not practical and leave it for UE implementation. 


Regarding methods to define a cover relation, 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 options Alt-1A through Alt-1E.   
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 to be detailed. Clearly these options are well justified for ensuring a cover relation for the gNB, and in the case where the UE uses a different beam for sensing than the beam used for transmission.
One concern was expressed regarding UEs that signal beamCorrespondenceWithoutUL-BeamSweeping = {0}. Such a UE cannot apply the same set of phases and realize identical beam pattern in the transmit and receive directions.  What can be said is that the transmit beam such a UE realizes based on a receive beam used to receive a DL reference symbol, is within a tolerance of the best UL beam determined via a transmit sweep over all beams in its codebook. The latter transmit sweep is referred to as UL beam management. However, it is not immediately clear that the receive beam forms a cover for the transmit beam determined after UL beam sweep.  In any case the alternatives in the above proposal will be readily met if a UE reporting beamCorrespondenceWithoutUL-BeamSweeping = {0} with UL beam management has sufficient alignment between sensing and transmit beams. Conversely, in case such alignment cannot be ascertained then such a UE must be required to meet other criteria as in the above proposal. 
We therefore support the following proposal. 
Proposal 5: In the following scenarios
· Sensing at gNB
· Sensing at UE that does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· Sensing at UE that uses a different beam for sensing than the beam used for transmission, 
Specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)
· 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
It is up to RAN4 to further decide for gNB or UE separately if such test or requirement is not needed or not practical and leave it for UE implementation. 

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 (in number of OFDM symbols) since it will provide enough flexibility across different markets. 
Furthermore, it is impractical for a UE to keep track of Y since that would entail it monitoring all gNB transmissions. Thus, to implement Alt 3 we require gNB to indicate requirement for UE Cat2 LBT in the scheduling DCI. 
Proposal 6: On the gap Y for Cat 2 LBT when COT Sharing is applied, gNB determines Y and the UE does not need to know the value for Y. The UE will follow DCI to determine if Cat 2 LBT is to be performed. 
 
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 7: 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.
[bookmark: _Hlk83981863]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 8:   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 that beam’s LBT sensing exceeds a threshold.
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.
 
After discussion in RAN1#106bis-e, Scheme-3 was ruled out via the following conclusion.
Conclusion:
There is no consensus to support CCA or eCCA based receiver assistance with new RTS/CTS type transmission. 
In addition, an agreement on L3-RSSI for FR2-2 was reached [4].
Agreement:
Support extending Rel.16 L3-RSSI to unlicensed operation in FR2-2
· Introduce RRC configuration for reference SCS, measurement duration, and measurement bandwidth
· Extend the reference SCS/CP field (ref-SCS-CP-r16) and measurement duration field (measDurationSymbols-r16) in RMTC-Config
· FFS value range and valid combinations for ref-SCS-CP-r16 and measDurationSymbols-r16
· Introduce parameter in RMTC-Config to indicate the measurement bandwidth
· FFS: Value range for measurement bandwidth
· [bookmark: _Hlk86438443]For the QCL Type-D of L3-RSSI measurement, down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET

We note that the above agreement cannot be considered as a receiver assistance scheme. This is because it does not yield measurement reports that capture occupancy status at a fine time-scale but instead is helpful for obtaining more coarser time scale interference statistics along selected directions. With regards to Alt-1 and Alt-2 in the above agreement our preference is reflected in the following proposal. 
Proposal 9: For the QCL Type-D of L3-RSSI measurement, gNB configures the beam when it configures the L3-RSSI measurement

As mentioned earlier, enhancement of L3-RSSI is not a receiver assistance scheme. The discussions held during RAN1#106bis-e could not yield a consensus on supporting any version of Schemes 1 and 2. It would be unfortunate to not have any receiver assistance scheme since   finer time-scale local resource availability that is yielded by such schemes is very helpful for mitigating the hidden node problem. Indeed, it is well recognized that while directional sensing based LBT at the transmitter side reduces number of exposed nodes, it can still be quite sensitive to the hidden node problem.  
Considering Scheme 2 options, our preference is for scheme 2-1 that has a key feature of tying the assistance information to an intended DL transmission. Here, receiver assistance is triggered in the same DCI that schedules PDSCH. In addition, by enforcing that DL transmission only happens if assistance information indicating channel availability is received or detected by the gNB, the problem of the UE’s DL data reception being subjected to interference the gNB could not sense when acquiring the channel, is mitigated. As a result, Scheme 2-1 can achieve the request and clear to send operation loop by relying on existing signaling mechanisms. Specification effort is still required, mainly to remove ambiguity at the UE end that arises when existing signaling is overloaded to achieve a new operation (on demand UE side LBT and reporting). There was no consensus in the previous meeting on supporting features essential for Scheme 2 (both 2-1 and 2-2) and concerns on robustness of this scheme (to events such as UE missing the trigger for assistance or gNB mis-detecting the report) were raised.  
On the other hand, Scheme 1 seeks to leverage existing L1-RSRP mechanism and received broader support in RAN1#106bis-e [4]. We support Scheme 1 even when reporting timelines are maintained (not tightened) since it can provide targeted and finer assistance information compared to legacy L1-RSRP.  Here there is no enforced coupling between assistance information and a particular DL transmission. Instead, gNB scheduler implementation is tasked with best utilizing the obtained information in that a DL transmission should be based on relevant (not outdated/unrelated) assistance information. In addition, the gNB scheduler will need to avoid excessive triggering of assistance information. While we recognize merits in aspects of Scheme 2, we believe there is a higher chance of achieving consensus and thereby specifying a RX-assistance scheme for FR 2-2 based on the following Scheme-1 proposal.   The following proposal is based on a version of Scheme-1 that received broader support in RAN1#106bis-e [4]. 
Proposal 10:  Support L1-RSSI for FR2-2 unlicensed operation:
L1-RSSI based receiver assistance is introduced with the following design components
· 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 (e.g., 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 with existing AP-CSI triggering mechanism
· Timeline for L1-RSSI reporting is equal to AP-CSI reporting of L1-RSRP
· Reuse the same mechanism for L1-RSRP beam determination for L1-RSSI
· On the content of L1-RSSI report, support both of the following alternatives
· Alt 1. L1-RSSI provides the (quantized) value of RSSI measurement
· Alt 2. L1-RSSI provides the comparison outcome with a preconfigured Energy Detection threshold
In the above proposal, under “resource used for RSSI measurement” we see merits of both alternatives and have a slight preference for Alt 1. For  “content of L1-RSSI” we support and see merits of both options in that Alt.1 provides finer information while Alt 2 is beneficial to obtain a resource availability map with a low overhead. 
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. 
 
[bookmark: _Hlk86994866]Proposal 11: 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.
· Enforceability of 10% limit on other allowed candidates for contention exempt short control signalling is required.  
1 Conclusions

Proposal 1: For Pout in EDT determination, define Pout as the maximum EIRP of the intended transmissions by the node determining EDT during a COT.
· EIRP of an intended transmission in a COT can be determined as the product of transmit power and beamforming gain estimated for that transmission.

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, and its conformance with regulation can be ascertained. Failing which the adjustment should be zero when a sensing beam matched to transmit beam is used.

Proposal 4: For energy measurement in 5us observation slot duration of the measurement within the 5us is left for implementation. 
Proposal 5: In the following scenarios
· Sensing at gNB
· Sensing at UE that does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· Sensing at UE that uses a different beam for sensing than the beam used for transmission, 
Specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)
· 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
It is up to RAN4 to further decide for gNB or UE separately if such test or requirement is not needed or not practical and leave it for UE implementation. 
Proposal 6: On the gap Y for Cat 2 LBT when COT Sharing is applied, gNB determines Y and the UE does not need to know the value for Y. The UE will follow DCI to determine if Cat 2 LBT is to be performed. 

Proposal 7: 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 8:   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 that beam’s LBT sensing exceeds a threshold.
Proposal 9: For the QCL Type-D of L3-RSSI measurement, gNB configures the beam when it configures the L3-RSSI measurement

Proposal 10:  Support L1-RSSI for FR2-2 unlicensed operation:
L1-RSSI based receiver assistance is introduced with the following design components
· 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 (e.g., 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 with existing AP-CSI triggering mechanism
· Timeline for L1-RSSI reporting is equal to AP-CSI reporting of L1-RSRP
· Reuse the same mechanism for L1-RSRP beam determination for L1-RSSI
· On the content of L1-RSSI report, support both of the following alternatives
· Alt 1. L1-RSSI provides the (quantized) value of RSSI measurement
· Alt 2. L1-RSSI provides the comparison outcome with a preconfigured Energy Detection threshold

[bookmark: _Hlk86994880]Proposal 11: 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.
· Enforceability of 10% limit on other allowed candidates for contention exempt short control signalling is required.  
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