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Introduction
[bookmark: _Ref129681832]In the last plenary meeting RAN#93-e [0], it was agreed that down-scoping of items and features can be generally handled in the WG level for RAN1 within the bounds of the WID objective [1], if needed. Thus, no down-scoping by updating WID for RAN1 is needed during RAN#93-e. In this contribution, we continue to discuss the channel access mechanisms with LBT and the channel access mechanisms without LBT for operation in the 60 GHz unlicensed band in light of the latest agreements and email discussions. 
[bookmark: OLE_LINK41]Channel access mechanisms with LBT
Enhancements to baseline Energy Detection Threshold
[bookmark: OLE_LINK78]One objective of the WID [1] is to study, and if needed specify, energy detection threshold (EDT) enhancement.  In RAN1#104-e [2], it was agreed to update the baseline ED threshold formula based on the latest draft version of the HS EN 302 567 (v2.2.0) [3] as follows:  
	[bookmark: OLE_LINK65]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


In RAN1#104bis-e [4], the following definition for Pout EIRP has been agreed as a working assumption:
	Working assumption:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.


In subclause 4.2.2.1 of the HS EN 302 567, the following definition of the ‘RF output power’ is stated
	4.2.2.1 Definition
The RF output power is the mean equivalent isotropically radiated power (EIRP) for the equipment during a transmission burst.


As can be observed from the above definition, the RF output power is defined as the mean value of the EIRP over a transmission burst. It should be also understood from the following step 1) of the adaptivity requirements in subclause 4.2.5.3 that a ‘transmission burst’ contains a number of transmissions following the CCA check.
	The LBT mechanism is as follows:
1) Before a single transmission or a burst of transmissions on an Operating Channel, the equipment that initiates transmission shall perform a Clear Channel Assessment (CCA) Check in the Operating Channel.


Nevertheless, in the last meeting RAN1#106-e [5], following FL Proposal 2.1.1-3 was discussed without consensus and captured in the FL summary [6]:
Proposal 2.1.1-3
Confirm the working assumption on Pout definition in RAN1 #104bis-e with the following updates:
· 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. 

Considering the difficulty of predicting/calculating the mean output power with dynamic scheduling, especially for multiple transmission bursts within a 5 ms COT, we think that adopting the “maximum of mean EIRP of each transmission burst” may not be a practical approach.  This is because it requires the gNB to know all scheduling decisions for up to 320 slots at 960 kHz before acquiring the COT. In contrast, defining Pout (EIRP) as the maximum output power over the transmission burst(s) of the COT is a more practical approach though more conservative. It was explained during the email discussion however that the former approach would be implemented as a transmit power restriction by gNB such that the mean EIRP for each transmission burst would not exceed a pre-selected maximum value. Given the vast majority support of that approach, we can also support it for the sake of progress. However, it becomes imperative to define the term ‘transmission burst’ for NR-U-60.   
In Rel-16, a transmission burst is defined as a set of transmissions from the device without any gaps greater than 16 μs. For NR-U-60, a similar definition can be specified with appropriate values. That is, a transmission burst can be defined as a set of transmissions from the device without any gaps, or with gaps no greater than X μs (X may be 3 or 8 μs). Transmissions that are separated by a gap of more than X μs are considered as separate transmission bursts. A device may transmit transmission(s) after a gap within a transmission burst without sensing the corresponding channel(s) for availability.
Furthermore, based on Alt 3 supported in the following agreement made in the last meeting [5], the EDT could be also used to perform LBT by a responding device sharing a CO, not only by the initiating device. 
Therefore, the definition of Pout should not be limited to “the node initiating the COT”.
	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



  
Proposal 1: For operation in NR-U-60, confirm the working assumption on Pout definition in RAN1 #104bis-e in its original form or with Pout defined as the maximum of mean EIRP of each transmission burst during the COT from the node determining the EDT.
Proposal 2: For defining Pout as the maximum of mean EIRP of each transmission burst during the COT from the node determining the EDT, define the ‘transmission burst’ stated in the HS EN 302 567 as a set of transmissions from the node determining EDT without any gaps, or with gaps no greater than X μs.
· FFS: Value of X
 In the following, we discuss the remaining points that were left for further study. 
Operating Channel Bandwidth: Although no specific value for the bandwidth of an operating channel is stated in the HS EN 302 567 [3], the definition of the term ‘operating channel’ is clearly stated in Section 3.1 of the same document as follows 
	operating channel: channel on which the RLAN equipment has started the Adaptivity mechanism to start
transmissions


wherein the ‘Adaptivity mechanism’ is also defined as the LBT mechanism for spectrum sharing as follows
	4.2.5.2 Definition
Adaptivity (medium access protocol) is a mechanism designed to facilitate spectrum sharing with other devices in the wireless network.
4.2.5.3 Requirement
Adaptivity (medium access protocol) shall be implemented by the equipment and shall be active under all circumstances.
LBT is mandatory to facilitate spectrum sharing.



As such, it should be understood that the ‘operating channel bandwidth’ is the bandwidth of the channel on which LBT is performed by the equipment. We therefore propose to capture the definition of the term ‘Operating channel bandwidth’ in 3GPP specifications as the ‘LBT bandwidth,’ or following the terminology of TS 37.213; the ‘bandwidth on which a channel access procedure is performed in shared spectrum’.       
Proposal 3: For operation in NR-U-60, the term ‘Operating Channel Bandwidth’ in the agreed baseline EDT formula is defined as the ‘LBT Bandwidth’ or the ‘bandwidth on which a channel access procedure is performed in shared spectrum’.              
Further adjustment on the ED threshold based on the sensing beam and the transmission beam without violating the EDT regulatory requirements were discussed in the previous meeting [5]. The vast majority supported additional adjustment to ED computation/threshold to include transmit beamforming and/or sensing beam [6].
Further adjustment based on the transmission beam: As captured in the agreement above from RAN1#104-e [2], this further adjustment should be devised such that the adjusted EDT level does not exceed the EDT level determined by the agreed baseline formula for the same Pout (EIRP) and Operating Channel BW (MHz). According to the agreed baseline formula, EDT decreases when the RF output power Pout (EIRP) increases. The devices with higher conducted transmit power but lower antenna gain will have larger impact area than the devices with lower conducted transmit power but higher antenna gain. The device with higher antenna gain should be thus encouraged due to less interference in un-targeted directions. However, the current EDT only reflects the impact from RF output power (EIRP) which cannot differentiate devices with different antenna gain but the same EIRP. Therefore, in line with the above agreement, we propose that the agreed baseline EDT formula should be adjusted by a term that is proportional to the effective beamforming gain of the subsequent transmission(s) such that if two antenna arrays have the same RF output power (EIRP), the antenna array with the higher beamforming gain also has a higher EDT.
Proposal 4: For operation in NR-U-60, the agreed baseline EDT formula should be adjusted such that, for a given RF output power (EIRP), the EDT proportionally increases with the effective transmit beamforming gain of the potential following transmission(s) by the device.
Considering the constraint stated earlier on the adjusted EDT level not exceeding the regulatory level, we propose to adopt the following formula in Proposal 5 to capture the potential enhancement we discussed.          
Proposal 5: For operation in NR-U-60, when LBT is used, adopt the following formula to capture the potential adjustment to the baseline EDT formula based on the transmit beamforming gain:

· GTX is the effective transmit antenna gain at the potential transmitter [dBi]
· GTX,max is the maximum supported transmit antenna gain [dBi]
· a is a scaling factor such that  0≤ a≤ 1
Note that the effective transmit antenna gain GTX includes the overall gain of the antenna element and the antenna array (beamforming gain). The offset  is subtracted to allow for proportional increase of the EDT, i.e. by  yet below the agreed regulatory level. Moreover, when a=1, the EDT is reduced to the agreed baseline EDT formula. 
As a guideline for 3GPP to set the maximum supported transmit antenna gain GTX,max, 30dBi may be considered as it is the maximum antenna gain below which both typical values of 40dBm Pmax EIRP and 23 dBm/MHz PSD are valid in ETSI BRAN 303 722 (See Tables 2 and 3 from ETSI BRAN 303 722 below)
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It can be easily observed from the adjusted EDT formula in Proposal 5 that, if a < 1, for two transmissions of the same LBT BW and the same Pout (EIRP), a higher EDT2 > EDT1 is used when GTX,2 > GTX,1:
EDT2= -80+10log10(BW [MHz])+Pmax [dBm]-Pout[dBm]  +(1-a) (GTX,2 - GTX,max )   >
EDT1= -80+10log10(BW [MHz])+Pmax [dBm]-Pout[dBm]  +(1-a) (GTX,1 - GTX,max )

During earlier email discussions, some companies argued that reducing the EDT below the regulatory level to achieve the proposed enhancement would reduce the channel access opportunities and thus would not be beneficial to the overall system performance. While we have explained above the benefits of differentiating between directional transmissions based on their potential interference footprint, it should be also noted that reducing the EDT below the regulatory level would not be a concern in light of the observations made by the same companies that the reference level (-47dBm) in the baseline formula is quite generous and could be often above the detected energy level during LBT.
Further adjustment based on the sensing beam: Finally, the agreed baseline formula does not account for whether the potential transmitter performs the channel sensing in a directional or an omni-directional manner. When a directional antenna is used in channel sensing, the received energy will be amplified at the main-lobe while attenuated at the side-lobes. As such, changing the beamforming gain of the sensing antenna pattern could dramatically change the detected energy level and thus the LBT result for the same interference instance. Therefore, we propose to deduct the sensing beamforming gain of the LBT beam from the detected energy level when comparing it to the EDT.
Proposal 6: For operation in NR-U-60, when LBT is used, the sensing beamforming gain of the LBT beam is deducted from the detected energy level before comparing it to the EDT.

In the previous meeting, the condition at which the value of the adjustment to EDT based on the sensing beam and the transmission beam should be zero was discussed [6]. Alternatives that were proposed by other companies considered whether or not the sensing beam is the same as the transmit/recevice beam, and whether or not the sensing is performed in a (quasi)-omni-directional manner. These alternatives are thus mainly concerned with the mismatch between the sensing beam and the transmit beam(s) and would lead to a complex discussion given its dependency on the definition and requirements of how the sensing beam covers the transmission beam(s). In contrast, the impact of the sensing beamforming gain can be decoupled from the EDT adjustment following our Proposal 6. This allows for the EDT adjustment to account for the transmit beamforming and how wide its footprint is regardless of its spatial relation to the sensing beam. Therefore, following our Proposal 5, we think that the value of the adjustment to ED threshold based on the sensing beam and the transmission beam should be zero if  or, equivalently, if the transmit antenna gain reaches  which is the maximum supported transmit antenna gain.
Proposal 7: The value of the adjustment to ED threshold based on the sensing beam and the transmission beam is zero if the transmit antenna gain reaches  which is the maximum supported transmit antenna gain.

Detail design of the energy measurement periods
[bookmark: OLE_LINK73]In RAN1#104-e [2], it was agreed to perform a single measurement within the 5us observation slot. In RAN1#104bis-e [4], it was agreed as a working assumption that the location of the single measurement within the 5us observation slot is implementation specific as follows:
	Agreement:
For energy measurement in 8us deferral period, down-select from the following:
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required
· Alt 3. Extend the 8us to 10us and perform two measurements, one in each 5us segment
For energy measurement in 5us observation slot, perform single measurement
· FFS minimum duration of the measurement
· FFS location of the measurement
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]
Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.



The duration of the single measurement within the 5us observation slot remained FFS but was not discussed in the previous meeting RAN1#106-e [5]. Since typically the sensing duration of the CCA check procedure consists of a deferral period followed by a random number of observation slots, the observation slot should end with a sufficient turnaround time for the transceiver of the device to switch from sensing to transmission if the device can transmit immediately after the end of the last idle observation slot. It can be observed however that most of the corresponding parameters for 802.11ay (EDMG) have been left to implementation. Therefore, we propose that the duration of the single measurement within the 5us is also left to implementation for NR-U-60.
Proposal 8: Confirm the following WA reached in RAN1 #104bis-e:
“For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.”
Proposal 9: For operation in NR-U-60, when LBT is used, the measurement duration X us within the 5us observation is implementation specific.
   
Enhancements to the LBT procedure
LBT bandwidth
The following agreement was made in the previous meeting RAN1#106-e [5] in which alternatives have been down-selected in regards to the LBT bandwidth for both the single-carrier and the multi-carrier transmission cases:
	[bookmark: OLE_LINK147][bookmark: OLE_LINK148]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)




In our view, LBT BW should be flexible and should support the option of being equal to the total transmission BW. This option facilitates, for instance, performing only one LBT for the whole transmission BW instead of multiple parallel LBTs. This in fact would significantly reduce the computational complexity and energy consumption of the LBT in low density deployments.
A single LBT BW can span the total aggregated bandwidth of DL CA or UL CA or the total aggregated bandwidth of DL FDM transmissions to possibly multiple UEs. For instance, if a carrier BW of 400 MHz is used, and the transmissions are scheduled over 5 contiguous intra-band carriers (as CCs for a contiguous CA scheme to serve a single UE or as independent carriers serving multiple UEs), the LBT BW could span 2 GHz instead of performing 5 parallel LBT procedures with 400 MHz BW each. Note that the minimum LBT BW of a coexisting DMG/EDMG network is 2.16 GHz.
Therefore, in the case of multi-carrier transmission in intra-band CA targeted in the above agreement, performing single LBT over all CCs (Alt CA.2 in the FFS point above) should be supported. For more dense deployments where channel access probability would be reduced by such a wideband LBT, finer LBT BW granularities than that of Alt CA.2 should also be used to achieve a better tradeoff between the channel access probability and complexity/energy savings. In such cases, multiple LBTs are performed, one for each channel bandwidth in accordance with agreed Alt CA.1.     
Proposal 10: For a multi-carrier transmission in intra-band CA in NR-U-60, in addition to the agreed Alt CA.1, support performing a single LBT over all CCs, i.e., Alt CA.2.  

Multi-channel Access
Following Rel-16 NR-U, multi-channel access options were also discussed and two alternatives were identified as per the following agreement in RAN1#104-e [2]:
	Agreement:
Define Type A and Type B multi-channel channel access as:
· Type A: Perform independent eCCA for each channel
· Type B: Identify a primary channel and perform eCCA on the primary channel, while perform Cat 2 LBT for other channels in the last observation slot
Down-selection between
· Alt1: Support Type A multi-channel channel access only
· Alt2: Support both Type A and Type B multi-channel channel access.
Note: How eCCA is performed on each channel, and the BW of the channels over which eCCAs are performed are separately discussed



In our view, Type B multi-channel access procedure is more efficient and simpler to implement than Type A multi-channel access procedure. This is due to the fact that only one eCCA is performed on the ‘primary’ channel using one backoff counter whereas a short one-shot CAT2 LBT is used on all remaining channels as ‘secondary’ channels. However, such simplicity and efficiency come at the risk of losing the channel access opportunity on all the channels on which transmission(s) are scheduled/configured if the eCCA fails on the primary channel. This is not the case with Type A procedures wherein transmissions occur based on the independent eCCA results. Therefore, we support Alt2 in the above agreement, i.e., both Type A and Type B. 
It was argued in previous meetings though that a device may randomly choose a carrier with narrower bandwidth as its primary channel and perform CAT2 LBT on the wider bandwidth secondary channels. We note that 802.11 ad/ay already uses a similar mechanism where, in fact, secondary channel BWs are integer multiple of the primary channel BW. In NR-U-60, how to define the BW of the primary channel should be further discussed. In our view, unlike in Rel-16 NR-U, there is no need to define a fixed BW for the primary channel. Neither is there a need for NR-U-60 to follow the 801.11ad/ay channel bonding sets if Type B multi-channel access is supported given the fact that the 2.16 GHz minimum channel BW is not mandated for NR-U-60 and thus the channelization may not be aligned with 801.11ad/ay anyway given the wide range of channel BWs agreed so far, i.e. from 100 MHz to 2000 MHz.     
Proposal 11: For multi-channel access in NR-U-60, support both Type A and Type B procedures.

LBT beam
In the previous meeting  RAN1#106-e, it was agreed that 3GPP specifications considers defining at least the relative relationship between all applicable sensing beam(s) and the transmission beam(s) to define the sensing beam for LBT, where at least the sensing beam(s) “covers” the transmission beam(s). Two main alternatives were formulated for potential down selection considering two approaches to define “cover”; the first uses the physical properties of the beams involved and the second extends the beam correspondence framework and/or QCL/TCI framework as follows:
	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




In our view, both approaches in Alt 1 and Alt 2 have technical merits and should be both supported each for an appropriate use case. In the following, we discuss the use cases in which Alt 1 and Alt 2 should be supported and hence our preferences in terms of the FFS options. But, first, regarding Option 1 under Alt 2 (The selection of eligible sensing beam for a transmission beam is left for gNB implementation), our view is that when LBT is mandated as the spectrum sharing mechanism in a given region, the LBT procedure has to be unified across networks of the same RAT to ensure fair inter-operator coexistence and thus should be well specified and not left for implementation. Moreover, specifying the LBT procedure would be also important for the purpose of inter-RAT coexistence evaluations. Therefore, under Alt 2, Option 1 should not be supported.
For the case of initiating a COT in which the intended transmission(s) are performed using a single transmission beam, defining one-to-one correspondence between the LBT beam and the single transmission beam is a straightforward task taking the approach in Alt 2. That is, for DL, the behaviors A1 through A3 under Option 2 can be all supported at gNB side for sensing beam selection, while for UL, both behaviors based on SRI or Rel-17 unified TCI can be supported assuming beam correspondence at the UE side for sensing beam selection. This one-to-one correspondence can be directly extended in the case of independent per-beam LBT sensing for initiating either a COT with SDMed beams or a COT with TDMed beams. 
The benefits of supporting Alt 1 become quite obvious for the case of initiating a COT with a wide beam covering multiple transmission beams (one-to-many correspondence) such as those cases left for further study under same Option 2 of Alt 2 for DL (how to use quasi-Omni beam for sensing if there is no SSB transmitted with quasi-omni beam), and for UL (how and if to support a wider sensing beam to be used for a narrower transmission beam). Obvious examples of one-to-many correspondence between LBT beam and transmission beams are SDMed and TDMed transmissions within a COT. In both cases of SDMed and TDMed transmission beams, specifying the spatial relationship between a wide LBT beam and multiple subsequent transmission beams is feasible, following the approach of Alt 1, if spatial properties similar to those defined in TS 38.104 for a transmission beam are defined for the ‘wide’ LBT beam. The key spatial properties for a BS transmission beam are defined in TS 38.104 as follows:
· Beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array
· NOTE: For certain BS antenna array, there may be more than one beam.
· Beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
· Beam peak direction: direction where the maximum EIRP is found
· Beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
· Beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse
Once similar spatial properties are defined for the LBT beam, it could be specified that the gNB selects a spatial sensing filter that minimizes the resulting [3] dB sensing beamwidth which at least contains all beam peak directions of the subsequent DL transmission beams within the COT as captured in Alt-1E in the above agreement and as shown in Fig. 1.   
[image: ]
Fig. 1: Defining spatial properties of a wide sensing beam covering multiple potential transmission beams
Intuitively, minimizing the sensing beamwidth of the selected LBT beam is motivated by increasing the channel access probability and/or spatial reuse opportunities. Compared to the other criteria Alt-1A through Alt-1D, specifying that the sensing [3]dB beamwidth at least contains all beam peak directions of the subsequent DL transmission beams within the COT would simplify specifying the necessary RAN4 requirement/test procedure to guarantee that the sensing beam “covers” the transmission beam.  For instance, a margin, , for the selected sensing beamwidth angle can be defined as an absolute or a relative sensing beamwidth accuracy requirement. If the largest relative angle between the beam peak directions, i.e., of the potential transmission beams towards UE1 and UE2 in Fig. 1, is denoted as β, then the selected LBT sensing beamwidth is required to be bounded between the values  and .    
The other criteria (Alt-1A through Alt-1D), in contrast, involve measuring/testing the XdB beamwidth for each of the potential DL transmission beams in addition to the sensing beam, and/or measuring/testing the beamforming gain in these multiple directions.   
Proposal 12: To define the sensing beam for LBT where at least the sensing beam(s) “covers” the transmission beam(s), support both Alt 1 and Alt 2 each for an appropriate use case as follows:
· Alt 2: One-to-one correspondence between LBT beam(s) and transmit beam(s), e.g., independent per-beam LBTs
· Alt 1: One-to-many correspondence between LBT beam and transmit beams and using quasi-omni-directional LBT beam 

Observation 1: specifying the spatial relationship between a wide LBT beam and multiple subsequent   transmission beams is feasible if spatial properties similar to those defined in TS 38.104 for a transmission beam are defined for the LBT beam, including beam peak direction, beam center direction and beamwidth.
Proposal 13: For initiating a COT with SDM or TDM of different beams using a single LBT beam that “covers” all the subsequent DL transmission beams, gNB selects a spatial sensing filter that minimizes the resulting [3]dB sensing beamwidth which at least contains all beam peak directions of the subsequent DL transmission beams within the COT (Alt-1E).
Alternatives for initiating COT with multiplexed transmission beams  
In RAN1#104-e, alternatives were discussed for both cases of spatial domain and time-domain multiplexing of the transmission beams to ensure that the LBT procedure is accounting for the footprint of the subsequent COT as captured in the following agreements:  

	Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

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



[bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK157]The one-to-one correspondence between LBT beam and the transmission beam discussed in the previous subsection can be directly extended to support independent per-beam LBT sensing for either a COT with SDMed beams or a COT with TDMed beams.  Nevertheless, performing a single LBT at the beginning of the COT using a wide LBT beam covering all the subsequent SDMed or TDMed transmission beams is a low complexity alternative to performing multiple parallel LBTs. Moreover, it can be considered a fall back alternative when the one-to-one correspondence cannot be established. 
Therefore, for a COT with spatial domain multiplexing or time domain multiplexing of different beams, both one wide LBT beam covering all transmission beams (Alt 1 in the agreements above), and multiple independent per-beam LBT beams (Alt 2 in the agreements above) should be supported. Given that the LBT beam(s) at the beginning of the COT already cover all the time multiplexed transmission beams by that device during the COT, there is no need to introduce CAT2 LBT before each beam switching in the middle of the COT as in Alt 3 in the agreement concerning COT with TDM beams. 
Proposal 14: For initiating a COT with SDM or TDM of different beams, support multiple independent per-beam LBTs, i.e. Alt 2.
[bookmark: OLE_LINK160][bookmark: OLE_LINK161]Proposal 15: When gNB performs multiple independent per-beam LBTs, the spatial domain sensing filter for an LBT beam is the same as the spatial domain filter used for the corresponding transmission beam.
Proposal 16: For initiating a COT with SDM or TDM of different beams, support one LBT beam covering all transmission beams (Alt 1) as a fallback mechanism when the one-to-one correspondence between the LBT beams and transmission beams cannot be established.
Alternatives for performing independent per-beam LBTs  
Assuming the support for independent per-beam LBTs for initiating either a COT with SDMed transmission beams or a COT with TDMed transmission beams, it was agreed in RAN1#104bis-e to down-select from the following alternatives on how to perform the independent per-beam LBTs in each case: 
	[bookmark: OLE_LINK164][bookmark: OLE_LINK165]Agreement:
[bookmark: OLE_LINK89]For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· [bookmark: OLE_LINK91][bookmark: OLE_LINK92]Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
[bookmark: OLE_LINK96]Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· [bookmark: OLE_LINK97][bookmark: OLE_LINK98]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




In our view, for a COT with MU-MIMO (SDM) transmissions, it is intuitive that all per-beam LBTs should be performed simultaneously at the beginning of the COT (Alt B). For instance, using the same spatial transmit filters used for simultaneous transmissions for simultaneous sensing. In RAN1#105-e, following FL Proposal 2.7.1-2 was formulated capturing this position and was supported by almost all companies [8]. We propose to agree to the proposal in this meeting:

Proposal 2.7.1-2 from [8]  
For a COT with MU-MIMO (SDM) transmission if Alt 2 is supported (independent per beam LBT), and if the node has the capability to perform simultaneous sensing in different beams, simultaneous per-beam LBT for different beams is supported.
Although for a COT with TDMed transmission beams it could be more straightforward to assume that the per-beam LBTs are also multiplexed in time as in Alt A, our preference is still Alt B for the following reasons: 
· [bookmark: OLE_LINK166][bookmark: OLE_LINK167]If the per-beam eCCAs are performed sequentially as in Alt A-1, the first eCCA in the sequence of eCCAs is far off from the beginning of the COT, thus rendering its sensing result irrelevant. Moreover, latency and LBT overhead are maximized compared to performing these eCCAs simultaneously.
· Alt A-2 in fact defeats the purpose of TDM of N transmission beams in one COT as it simply splits one COT with N TDM beams to N single-beam COTs each initiated with its own eCCA while the LBT overhead is the same as that of Alt A-1.   
· [bookmark: OLE_LINK93][bookmark: OLE_LINK94]Alt A-3 does not seem to be compliant with the regulations as for any given CCA engine/backoff counter a sensing slot cannot be skipped or blindly assumed idle based on the sensing result of another CCA engine/backoff counter. 
· Based on the input from some companies during the email discussions, we think it should be also clarified that to further partition an observation slot of 5us for different beams is impractical from the implementation perspective. 

Therefore, we propose to support Alt B for a COT with TDMed transmission beams as well assuming that the node has the capability to simultaneously sense in different beams. In RAN1#105-e, following FL Proposal 2.7.4-2 was formulated capturing this position and was supported by almost all companies [6] as well. We propose to agree to the proposal in this meeting:
Proposal 2.7.1-4 from [8]
Within a COT with TDM of beams with beam switching, if Alt 2 or Alt 3 is supported (independent per beam LBT), and if the node has the capability to perform simultaneous sensing in different beams, simultaneous per-beam LBT for different beams is supported. 

Otherwise, if the node is incapable of sensing simultaneously in different beams, the fallback alternative Alt-1 should be used, i.e., a single LBT with a wide beam covering the TDMed transmission beams within the COT.  
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]Nevertheless, even if per-beam LBTs start simultaneously, some may end earlier than others. How to coordinate these parallel LBTs to avoid a large discrepancy among the LBT end times can be further investigated.
[bookmark: OLE_LINK168][bookmark: OLE_LINK169]Proposal 17: For initiating a COT with SDM or TDM of different beams, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, support performing the per-beam LBTs simultaneously in parallel (Agree to FL Proposals 2.7.1-2 and 2.7.1-4 from RAN1#105-e).
· FFS: How to coordinate these parallel LBTs to align the start times of the SDMed transmissions, and how to determine the COT start time in the TDM case.
· If the node is incapable of sensing simultaneously in different beams, a single LBT beam covering the multiplexed transmission beams should be used.

CAT2 LBT and COT sharing aspects
It was discussed in RAN1#104-e whether or not to introduce CAT2 LBT in the 60GHz band and a list of its potential use cases was provided as captured in the following agreements [2]: 
	Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation

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




In the previous meeting RAN1#106-e [5], it was agreed to support both Alt 1 and Alt 3 for COT sharing as per the following agreement:  
	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




Supported Alt. 3 in the agreement above basically means that CAT2 LBT is supported in NR-U-60 if the UE indicates the corresponding capability, at least for the use case of COT sharing as a gNB choice. It remains to decide on the options for determining the maximum gap Y within which a transmission from a responding device can share the COT without LBT. In our view, Option 1 would require a mechanism as in NR-U Rel-16 to achieve the gap duration for DL-UL COT sharing without LBT including new CP extension values and the corresponding indications in the DCI formats scheduling PUSCH/PUCCH/SRS. Option 3 is based on gNB implementation. However, since defining a maximum gap length Y is the main distinctive feature of Alt 3 as compared to Alt 1, we think that the maximum gap length Y should be specified. Therefore, we propose to support Option 2 under Alt 3.  
Regarding the discussion on supporting CAT2 LBT for other use cases, our view is that introducing such short one-shot LBT is especially beneficial for procedures related to COT initiation. This is due to its simplicity and LBT overhead reduction compared to eCCA. As we explained earlier in Section 2.3.2, the benefits of Type B multi-channel access procedures cannot be realized without introducing CAT2 LBT to initiate a CO on a secondary channel. Furthermore, on initiating a CO using Rx-assisted LBT, CAT2 LBT can be used for energy measurement at the receiver and providing the Rx-assistance information from only the devices that pass the LBT as discussed in Section 2.5 in more details. 
Proposal 18: For COT sharing without LBT in NR-U-60, support Option 2 for defining the maximum gap Y within which a transmission from a responding device occurs without LBT (Y=a multiple number of OFDM symbols).
Proposal 19: The following use cases of CAT2 LBT related to COT initiation should be prioritized in the discussion due to the low complexity and overhead of CAT2 LBT compared to eCCA:
·  Starting transmission on a secondary channel in Type B multi-channel access, if supported
· Energy measurement and reporting of Rx-assistance information by the receiver in Rx-assisted LBT, if supported 

Receiver-assisted LBT/Receiver-only LBT  

Receiver-side LBT vs. Interference measurement alternatives 
In RAN1#106-e, alternative schemes were discussed for the receiver to perform the channel sensing and reporting of the Rx-assistance information to the transmitter as captured in the following agreement: 
	[bookmark: _Hlk80964650]Agreement:
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS
· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).
· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval
· L1-RSSI is reported in an AP-CSI report
· L1-RSSI trigger in UL grant
· FFS if L1-RSSI trigger can also be carried in DL grant
· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline
· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed
· FFS: How to indicate the measurement beam for L1-RSSI
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission
· New RTS/CTS-like signaling introduced. 
· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens
· Scheme 4: Legacy L3-RSSI with potential enhancements
· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths
· Note: The schemes listed above are not mutually exclusive and should be discussed separately.




It can be observed that among the four schemes described in the agreement above, only Schemes 2-1 and 3 are coupled with the scheduled DL data reception and can thus provide Rx-assistance information that is representative of the experienced interference immediately prior to the data reception. However, Scheme 3 requires introducing new phy channels/signals to implement the RTS/CTS-like handshake between the transmitter and the intended receiver which entails immense standardization effort and specification impact. Whereas the same goal of Scheme 3 is achieved by reusing the existing phy channels/signals as in Scheme 2-1. That is, when the target transmission is DL and UE is the receiver, the PDCCH carrying the DL scheduling DCI resembles an RTS that triggers the LBT at the intended receiver UE and the UL transmission of PUCCH (as CTS/receiver-assistance information) or A-SRS (as channel idle indication CTS only) as shown in Fig 2(a) for Rx-only LBT and Fig 2(b) for Rx-assisted LBT, respectively. The UE transmits the triggered UL only after the LBT has passed. This does not require introducing a new DCI format as well; introducing the necessary field(s) to trigger the UL transmission in the existing non-fallback DL scheduling DCI format 1_1 is sufficient to resemble the RTS-like transmission as explained in details in the next subsection.
Although Scheme 2-2 has been categorized under Scheme 2 as it also reuses the existing phy channels/signals, it can be observed that Scheme 2-2 merely describes a typical PUSCH scheduling procedure in unlicensed spectrum in which gNB would normally infer the result of the LBT performed by the UE upon detecting the scheduled PUSCH. In fact, there is no connection between the PUSCH transmission scheduled by an UL grant and the desired outcome described in that scheme, i.e., “the downlink data transmission happens” which is supposed to be the target DL transmission scheduled by a DL assignment. The benefit of Scheme 2-2 is also questionable as it seems to at least double the dynamic overhead compared to Scheme 2-1 by transmitting an additional UL grant DCI whenever a target DL transmission is scheduled in accordance with the receiver-assistance channel access mechanism.    
As for Scheme 4, the following issues can be observed in comparison to Scheme 2-1: 
· Legacy RSSI is periodic measurement and thus not representative of the experienced interference immediately prior to data reception. Moreover, the output of such measurements is determined based on moving average L3 filtering rather than the instantaneous interference measurement. 
· Legacy RSSI requires resources dedicated for measurements and the resources used by each of the M UEs in the cell to report the measurements in UL channels. This also incurs complexity at each UE to conduct and report the measurements periodically regardless of the gNB’s intent to schedule PDSCH, as well as the complexity at gNB to continuously process these reports.
· Legacy RSSI is less efficient in terms of resource overhead and complexity at both UE and gNB, especially at high load, compared  to only 1 or 2 UEs reporting Rx-assistance info upon passing LBT
· Configuring shorter periodicities for measurements and reporting of legacy RSSI further emphasizes the overhead and complexity savings of the Receiver-side LBT.

As for Scheme 1, it embarks on two sets of enhancements. The first set of enhancements is introducing L1-RSSI which obviously entails defining a new measurement quantity in L1 along with designing and specifying its measurement configuration, resources, trigger and associated timelines. Therefore, the standardization effort and spec impact of introducing that set of enhancements would be reasonable only under Alt 2 in which simple energy measurement on the operating BW over indicated or specified time interval is conducted (similar to ED during Rx-side LBT in Scheme 2-1) rather than the more complex RSSI measurement based on preconfigured ZP-CSI-RS over all REs in BWP as proposed in Alt 1. We note that based on the discussion on required synchronization accuracy in higher numerologies, CSI-RS detection is not immune to such requirement. In contrast, energy detection as in receiver-side LBT does not nearly need such a level of timing accuracy.
The second set of enhancements in Scheme 1 is to support reporting the new L1-RSSI measurement in AP-CSI leveraging the existing mechanism, i.e., AP-CSI on PUSCH triggered by an UL grant. Note that L1-RSSI measurement report on PUSCH triggered by an UL grant causes that such “Rx-assistance” to be decoupled from the scheduling of DL data reception and the reported measurements not to be representative of the UE’s anticipated interference at the time of DL data reception especially because the current timelines for reporting AP-CSI on PUSCH are rather long and would constitute the bottle neck for Scheme 1. Note also that the latency between CSI-RS reception and CSI-RS report is a UE capability and is not clear whether or how much it can be tightened. Even with enhanced (tighter) timelines for triggering and reporting AP-CSI on PUSCH, similar issues to those discussed for Scheme 2-2 such as increased dynamic overhead would still persist.      
 It was considered for further study whether to support triggering the new L1-RSSI measurement in the DL assignment which obviously does not schedule a PUSCH. As such, an AP CSI-RS would have to be triggered first by each scheduling DL assignment for measurement, then followed by some processing delay before reporting CSI on PUCCH resources from all the candidate UEs. Moreover, given that AP-CSI reporting on PUCCH is not a legacy mechanism supported in Rel-15/16, there is no advantage for supporting Scheme 1 over Scheme 2-1 in terms of standardization effort and specification impact in Rel-17. 
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(a) Receiver-onlyLBT
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(b) Receiver-assisted LBT
Fig. 2: Receiver-assisted LBT and receiver-only LBT mechanisms in the DL for NR-U in the 60GHz unlicensed band
       
Finally, it should be noted that all the proposed schemes described in the above agreements, except for Scheme 2-1, have no corresponding mechanism for the UL scenario, i.e., when the scheduling time offset of PUSCH is large such that the interference measurement by the gNB prior to the UL grant may not represent the interference during PUSCH reception.

In the corresponding scheme to Scheme 2-1 for UL, gNB performs CAT4 LBT to send UL grants to K candidate UEs. If the scheduling time offset (K2) of PUSCH is large, the interference measurement by the gNB prior to the UL grant transmission may not represent the interference during PUSCH reception. As shown at the bottom of Fig. 3 (a) for Rx-only LBT and Fig. 3(b) for Rx-assisted LBT, each UL grant can also trigger a DL transmission of an channel idle indication (CTS) signal on indicated resources, e.g., NZP AP-CSI-RS a number of symbols preceding the allocated PUSCH start, upon a successful LBT by the gNB. The gNB could perform the directional LBT for a random or deterministic duration prior to the CTS transmission in the direction of PUSCH reception. 
A UE that receives the UL grant in the first case, and receives as well the channel idle indication/CTS in the second case, proceeds with the transmission of the respective PUSCHs. 
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(b) Receiver-assisted LBT
Fig. 3: Receiver-only LBT and receiver-assisted LBT mechanisms in the UL for NR-U in the 60GHz unlicensed band

Proposal 20: For a receiver UE to provide assistance information in channel access in the DL scenario, support Scheme 2-1 with the downlink data transmission being scheduled by the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission.

Proposal 21: For a receiver-assistance in channel access in the UL scenario, discuss supporting a scheme corresponding to Scheme 2-1 for the case in which the scheduling offset K2 is too long for the LBT performed by gNB before the UL grant to represent the interference at gNB during the reception of the scheduled PUSCH(s).


Specification impact for supporting Scheme 2-1
In the following, we discuss the potential standard impact of supporting scheme 2-1 for DL scenario wherein the UE is the receiver:
· Resource indication:
1) Introduce a new field in the non-fallback DL assignment DCI, i.e., DCI format 1_1 scrambled with C-RNTI, CS-RNTI or MCS-C-RNTI, to schedule/trigger PUCCH/A-SRS resource before the start of the scheduled PDSCH(s)
· PUCCH: A 3-bit field, e.g.,  ‘ChannelAccess-PUCCH resource indicator’ is introduced and the existing mechanism for indicating PUCCH resource can be reused 
· UCI Payload size is configurable between 1 bit (CTS only) or 7 bits (energy measurement report such as L1-RSSI)
 
· A-SRS: 2-bit ‘Channel access indicator’ indicates the SRS trigger mode for reusing existing SRS Request field to trigger a single aperiodic SRS resource set for receiver-assisted channel access, or trigger aperiodic SRS resource set(s) for legacy MIMO/positioning purposes, or trigger both.
· The UE can be configured with one or more aperiodic SRS resource set(s) in SRS-Config (Currently supported). For the configured aperiodic SRS resource sets, an optional RRC parameter (e.g., ‘SRS-ChannelAccess’) is configured to indicate that the SRS resource set is for receiver assistance report for channel access only. 
· Timing:
1) Given that scheduling/triggering PUCH/A-SRS transmission for providing receiver assistance information is intended for reporting relevant interference measurement, transmitting the PUCCH/A-SRS should be as close as possible in time domain to the start of the scheduled PDSCH(s), e.g., at most N symbols before the start of the scheduled PDSCH(s). As such, UE can be configured or indicated with a time offset of a small value range for transmitting the scheduled/triggered PUCCH/A-SRS resource with respect to the beginning of the scheduled PDSCH(s).

· PUCCH: Add a new field of a configurable bitwidth (0, 1 or 2 bits) in the DCI format 1_1 to indicate the slot level offset from the indicated PUCCH resource to the start of the scheduled PDSCH(s), e.g., ‘ChannelAccess-PUCCH-to-PDSCH timing indicator’.  

· A-SRS:  Higher layer parameters startPosition provided in SRS-Resource, and slotOffset can be reused such that slotOffset for an aperiodic SRS resource (set) that is triggered for the purpose of providing receiver assistance in channel access be reinterpreted to indicate the number of slots from the actual transmission of the triggered aperiodic SRS resource (set) to the start of the scheduled PDSCH(s).
· LBT Type:
1) Introduce a higher layer parameter to indicate the LBT type at the UE for receiver assisted channel access. 
· The parameter can be provided using common or dedicated signaling. Could be provided in the same IE along with the agreed parameter providing the LBT/No-LBT mode. 
· Procedures:
1) UE receives a DCI format 1_1 scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s). This implicitly indicates that the receiver assistance is required for the DL channel access. UE determines the LBT type based on a higher layer parameter and performs LBT prior to the indicated time resource for transmitting the scheduled/triggered PUCCH/A-SRS. 
2) UE that has received a DCI format 1_1 scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s) transmits the triggered A-SRS or the scheduled PUCCH, including the detected energy level if configured as such, only if it has accessed the channel in accordance with the LBT performed in Step 1.
3) gNB that has transmitted a DCI format 1_1 to a UE scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s) may transmit the scheduled PDSCH(s) and any subsequent DL control/data only if it has received the scheduled/triggered PUCCH/A-SRS from that UE, the transmission of the scheduled PDSCH(s) is dropped otherwise.

Proposal 22: For a receiver UE to provide assistance information in channel access in the DL scenario, support introducing a new field in DCI format 1_1 scrambled with C-RNTI, CS-RNTI or MCS-C-RNTI, to schedule/trigger PUCCH/A-SRS resource before the start of the scheduled PDSCH(s)
· PUCCH: A 3-bit field ‘ChannelAccess-PUCCH resource indicator’ is introduced and the existing mechanism for indicating PUCCH resource can be reused 
· UCI Payload size is configurable between 1 bit (CTS only) or 7 bits (energy measurement report such as L1-RSSI)

· A-SRS: 2-bit ‘Channel access indicator’ indicates the SRS trigger mode for reusing existing ‘SRS Request’ field to trigger a single aperiodic SRS resource set for receiver-assisted channel access, or trigger aperiodic SRS resource set(s) for legacy MIMO/positioning purposes, or both.
· The UE can be configured with one or more aperiodic SRS resource set(s) in SRS-Config (Currently supported). For the configured aperiodic SRS resource sets, an optional RRC parameter (e.g., ‘SRS-ChannelAccess’) is configured to indicate that the SRS resource set is for receiver assistance report for channel access only. 

Proposal 23: For a receiver UE to provide assistance information in channel access in the DL scenario, support configuring/indicating a time offset of a small value range to the UE for transmitting the scheduled/triggered PUCCH/A-SRS resource with respect to the beginning of the scheduled PDSCH(s)

· PUCCH: Add a new field of a configurable bitwidth (0, 1 or 2 bits) in the DCI format 1_1 to indicate the slot level offset from the indicated PUCCH resource to the start of the scheduled PDSCH(s), e.g., ‘ChannelAccess-PUCCH-to-PDSCH timing indicator’.  

· A-SRS:  Higher layer parameters startPosition and slotOffset and can be reused such that slotOffset for an aperiodic SRS resource (set) triggered for providing receiver assistance in channel access is reinterpreted as the number of slots from the actual transmission of the triggered aperiodic SRS resource (set) to the start of the scheduled PDSCH(s).

Proposal 24: For a receiver UE to provide assistance information in channel access in the DL scenario, support configuring a higher layer parameter providing the LBT type for the UE to access the channel and transmit the scheduled/triggered PUCCH/A-SRS 
· This can be provided using common or dedicated signaling. 

Proposal 25: For a receiver UE to provide assistance information in channel access in the DL scenario, the following procedures are applied: 
1) A UE that has received a DCI format 1_1 scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s) transmits the triggered A-SRS or the scheduled PUCCH, including the detected energy level if configured, only if it has accessed the channel according to the UE-side LBT performed prior to the indicated time resource for transmitting the scheduled/triggered PUCCH/A-SRS.
2) A gNB that has transmitted a DCI format 1_1 to a UE scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s) may transmit the scheduled PDSCH(s) and any subsequent DL control/data only if it has received the scheduled/triggered PUCCH/A-SRS from that UE, the transmission of the scheduled PDSCH(s) is dropped otherwise.


Channel access mechanisms without LBT
For regions where LBT is not mandated, regarding how to indicate whether gNB-UE connection is operating in LBT mode or no-LBT mode, following agreement in RAN1 #104bis-e was reached [4]:
	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. 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
· [bookmark: OLE_LINK139][bookmark: OLE_LINK140]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




In RAN1#105-e [7], it was agreed to support both Alt 1 and Alt 2 as follows. In addition, each of the FFS points in the above agreement was discussed separately.
	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



Even though the group has agreed to support the flexibility of UE-specific indication, in our view, if two UEs in the same cell operate with two different channel access modes, the UE operating with LBT is consistently at a disadvantage compared to the UE operating without LBT. We thus think that further indicating the LBT/No-LBT mode in per-beam granularity would overcomplicate the signaling without a clear benefit to the system performance. Moreover, for a COT with multiplexed beams, a transmission on beam indicated with No-LBT would have to be deferred to allow for sensing by the same device before transmitting on another beam indicated with LBT mode; hindering the benefit of No-LBT. Therefore, we believe that indicating the LBT/No-LBT mode per beam should not be supported. 
[bookmark: OLE_LINK141][bookmark: OLE_LINK142]Proposal 26: For operation in the 60 GHz band, in regions where LBT is not mandated, indication of the decision on applying LBT mode or no-LBT mode per beam is not supported.
On the open FFS issue of whether L1 signaling can be used, we do not see the need for dynamic switching between LBT and No-LBT modes.  Also, during initial access the indication can be implicitly or explicitly derived from SIB1. Some proponents of introducing the L1 signaling explained though that the intention is to provide the indication to the UE before it reads SIB1. However, as discussed in initial access AI, such an indication is not necessary if the size of DCI 1-0 in CSS is unified for both cases of with and without LBT. Moreover, transmission of Msg1/MsgA happens after SIB1 reception and, therefore, LBT/No LBT indication in SIB1 is sufficient for the UE to know if LBT should be performed prior to the transmission of Msg1/MsgA.
Proposal 27: For operation in the 60 GHz band, in regions where LBT is not mandated, indication of the decision on applying LBT mode or no-LBT mode using L1 signaling is not supported.
In regions where LBT is not required, a serving cell can be configured to enable the LBT mode based on some performance criteria such as the level of experienced interference. For instance, serving cell can be configured for Rx-side LBT to mitigate the interference from hidden nodes and improve performance. We note that mitigating/avoiding the potential interference at the receiver caused by hidden nodes should be targeted to overcome this drawback of the No-LBT mechanism. This is corroborated by the significant throughput and coverage gains of receiver-only directional LBT over No-LBT observed in Section 4.
Proposal 28: For operation in the 60 GHz band, in regions where LBT is not mandated, the serving cell may enable Rx-side LBT using a higher layer configuration to mitigate high levels of interference experienced from hidden nodes. 
It should be noted however that when the network allows enabling/disabling the LBT mode through cell-specific/UE-specific gNB configuration, coexistence issues would arise as the performance of the nodes operating with LBT mode would be adversely impacted by the nodes operating with No-LBT mode and occupying the channel resources for possibly unlimited time. Therefore, from the potential additional restrictions captured in the TR, COT durations should be limited for a channel occupancy initiated without LBT.  
Observation 2: When network allows enabling/disabling the LBT mode, coexistence issues would arise as the performance of the nodes operating with LBT mode would be adversely impacted by the nodes operating with No-LBT on the channel without a time limit .
Proposal 29: For operation in the 60 GHz band, in regions where LBT is not mandated, COT should be limited when No–LBT is used.
Transmission of short control signalling without LBT: In RAN1#104bis-e [4], it was agreed that contention-exempt short control signalling (CESCS) rules can be applicable to the transmission of SS/PBCH while further studies are needed as to whether this applies to all SCSs and which DL channels/signals can be multiplexed with CESCS-based SSB transmission.: 
	Agreement:
· [bookmark: OLE_LINK104][bookmark: OLE_LINK105]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:
[bookmark: OLE_LINK116][bookmark: OLE_LINK117]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.
· [bookmark: OLE_LINK111]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.




According to section 5.3.8.2 in EN 302 567, examples of short control signalling include ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming. The same document sets a maximum duty cycle limit for the time synchronization and beamforming frames as 10 % within an observation period of 100 ms. 
[bookmark: OLE_LINK115][bookmark: OLE_LINK49]However, given the following agreement made in RAN1#104bis-e as well on supporting the discovery burst (DB) as defined for Rel-16 NR-U, we think that, in downlink, only channels/signals that are included in the DB as defined for Rel-16 NR-U should be eligible for CESCS. That is, CORESET for PDCCH scheduling PDSCH with SIB1, PDSCH carrying SIB1 and non-zero power CSI-RS.     

	Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW




[bookmark: OLE_LINK131][bookmark: OLE_LINK132]Proposal 30: In regions where LBT is mandated, only channels/signals included in the DB as defined for Rel-16 NR-U should be supported for contention exemption short control signaling based DL transmission.
For UL, CESCS eligibility was further discussed in RAN1 105-e and following agreement was made [5] for transmission of msg1 for the 4 step RACH, and MsgA for the 2-step RACH:
	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



In Alt 2 in the above agreement, if it is left to each individual UE to use CESCS for msg1 for the 4 step RACH and MsgA for the 2-step RACH, then the total time resources at which at least one UE within the cell transmits msg1/ MsgA can easily far exceed the 10% occupancy time for short control signaling exemption. In our view, this is a misuse of the exemption that is introduced in regulations for “short control signaling”. Therefore, our preference is to support Alt 1.
Proposal 31: In regions where LBT is mandated, contention-exempt short control signaling rules apply to the transmission of msg1 for 4 step RACH and msgA for 2-step RACH such that the 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured in a cell (Alt 1).
It follows also that, with the above agreement on supporting CESCS for masg1/msgA, it would be challenging for the network, if not infeasible, to ensure that the restrictions are maintained if other UL signals/channels are also allowed to be transmitted with the CESCS rule. We therefore propose that the CESCS based transmission is not supported for UL signals/channels other than msg1/msgA.    
 
Proposal 32: In regions where LBT is mandated, contention-exempt short control signaling based transmission is not supported for UL signals/channels other than msg1/msgA.

Observations from system level simulation results 
The simulation results in Fig. 4 show the mean value and the 5th percentile user perceived throughput (UPT) for the channel access mechanisms discussed earlier with both DL and UL FTP3 traffic loads with the file size of 27 Mbytes for the Indoor scenario A. A bandwidth of 2 GHz and a SCS of 960 kHz are assumed. It is assumed that the CW is set to a fixed value of 5 observation slots and MCOT equals 5ms. It is also assumed that the EDT used by the receiver for the LBT before sending CTS with interference level feedback in receiver-assisted/receiver-only LBT is the same as the baseline EDT (-47dBm). According to the baseline simulation scenario, 64 antenna elements for the gNB and 8 antenna elements for the UE were assumed.  
The simulation results in Fig. 5 show the mean value and the 5th percentile UPT for the same channel access mechanisms in Indoor scenario A under the same set of assumptions used for the results in Fig 4 yet with 32 antenna elements assumed for the gNB and 4 antenna elements assumed for the UE to allow for studying the performance of these channel access mechanisms in a system where wider transmission beams are used, e.g., due to limited number of antennas on low-cost devices. 
Details of the system level simulation scenarios for all indoor and outdoor deployments, respective parameters and simulation results are provided in our contribution [9].  
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Fig. 4. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A with InH open office (64 antenna elements for gNB, 8 antenna elements for UE). 


As can be observed from Fig. 4, receiver-assisted LBT provides coverage gains relative to the transmitter–side omnidirectional and directional LBT mechanisms, as well as No-LBT, in the indoor scenario A. Intuitively, such benefits are more significant under medium to high traffic load conditions. Since the UPT of the cell-edge users is more sensitive to interference, the coverage gains are even more significant when the probability of hidden nodes is increased due to wider beam transmissions as observed from Fig. 5. This attests to the fact that the receiver-assisted LBT is an efficient solution to combat the interference from hidden nodes that cannot be avoided using the transmitter–side LBT mechanisms and the No-LBT mechanism.    
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Fig. 5. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A with InH open office (32 antenna elements for gNB, 4 antenna elements for UE).
According to the above evaluation results, receiver-only LBT has the best performance compared to other channel access types in fifth percentile DL and UL user throughput. The relative gains of receiver-only LBT to No-LBT shown in Table 1 are 177% in the DL and 75% in the UL for cell edge at high traffic load under the baseline assumption. Whereas, the gain of receiver-only LBT compared to No-LBT could be 291% in the DL and 103% in the UL for cell edge at high traffic load when half-reduced antenna elements are configured as shown in Table 2.
Table 1. Performance of various channel access type at high traffic load (64 antenna elements for gNB, 8 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
w.r.t No-LBT
	Gain of UL mean UPT
w.r.t No-LBT
	Gain of 5% DL UPT
w.r.t No-LBT
	Gain of 5% UL UPT
w.r.t No-LBT

	No-LBT
	2388.7
	1521.8
	85.7
	86.6
	
	
	
	

	Directional LBT
	2446.7
	1521.1
	101.3
	82.3
	2%
	0%
	18%
	-5%

	Omni-dir LBT
	2452.9
	1538
	95.9
	89.8
	3%
	1%
	12%
	4%

	Receiver-assisted LBT
	2494.2
	1607.9
	191.7
	145.6
	4%
	6%
	123%
	68%

	Receiver-only LBT
	2715.7
	1637.6
	237.6
	151.5
	14%
	8%
	177%
	75%



Table 2. Performance of various channel access type at high traffic load (32 antenna elements for gNB, 4 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
	Gain of UL mean UPT
	Gain of 5% DL UPT
	Gain of 5% UL UPT

	No-LBT
	1842.4
	1208.4
	34.7
	44.5
	
	
	
	

	Directional LBT
	1852.7
	1193.5
	39.3
	16.6
	1%
	-1%
	13%
	-37%

	Omni-dir LBT
	1964.1
	1218.8
	52.4
	40.9
	7%
	1%
	51%
	-8%

	Receiver-assisted LBT
	2033.6
	1299.1
	88.9
	76.4
	10%
	8%
	156%
	72%

	Receiver-only LBT
	2215.7
	1340
	135.6
	90.4
	20%
	11%
	291%
	103%



It can be observed from the above figures and tables that transmit-side directional and omni-directional LBT can provide gains relative No-LBT in the DL, and especially in terms of coverage, when the LBT overhead by the gNB is reduced via limiting the CW size. 
Furthermore, the gains from receiver-assisted LBT/Receiver-only LBT over the transmitter-side LBT mechanisms, and also over No-LBT, especially in terms of coverage, suggest that when No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist. 

Observation 3: When No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist.
Observation 4: Compared to No-LBT, substantial coverage gains are achieved using Receiver-assisted LBT/Receiver-only LBT in the indoor scenario, especially at medium and high traffic load.
· Even higher gains are realized when wider beams are used for directional transmissions    

Impact of interference level feedback on DL Receiver-assisted/receiver-only LBT: 
In the following set of results, for receiver-assisted/receiver-only LBT, receiver-side LBT using an EDT threshold (EDT_Rx) is performed at the UE side before sending CTS/assistance information reporting in the DL or at gNB side for directional sensing in direction of potential PUSCH reception from the corresponding UE. EDT_Rx = -71dBm + 10log10 (BW/2GHz) + offset_dB was assumed. 
Table 3 shows the performance of the average and fifth percentile DL UPT if only CTS/idle indication is fed back when the interference level sensed by UE in certain directional beam is lower than the EDT_Rx using different EDT_Rx threshold values. It is noted that CTS/idle indication including the actual interference level would benefit the gNB’s scheduling of the best UEs among those who have experienced interference levels below the EDT_Rx. For low EDT_Rx threshold, the results show comparable performance in both mean and fifth percentile user throughput. For higher EDT_Rx threshold, i.e. as high as the baseline transmit –side EDT, due to only one bit information being reported to the gNB, it is observed that the performance of the fifth percentile degraded about 33%.
Considering a scenario wherein interference measurements are provided by all the candidate/triggered UEs to the gNB without the UEs passing LBT first, the results for the scheme ‘CTS/idle indication with actual interference level reporting’ at Rx_EDT ≥-47dBm (e.g. 0dBm) provide an upper bound to the UPT performance in such a scenario. This is due to the fact that all UEs always pass the LBT at such high Rx_EDT values. However, the results of the same scheme at lower Rx_EDT values show insignificant performance losses while significant savings in resource overhead are expected when only the UEs that pass the LBT would transmit the CTS plus the interference level information.
Table 3. Simulation results with different EDT_Rx and feedback information in DL receiver assisted/receiver-only LBT in indoor scenario-A
	EDT_Rx(dBm)
	0
	-47
	-51
	-61
	-67

	User perceived  throughput(Mbps)
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT

	CTS/idle indication with actual interference level reporting
	3873.5
	559.5
	3873.5
	559.5
	3875.8
	566.6
	3832.6
	563.7
	3857.0
	555.1

	Only CTS/idle indication reporting
	
	3528.2
	377.4
	3551.1
	419.5
	3771.9
	550.1
	3781.0
	549.7

	Relative Loss
	
	-9%
	-33%
	-8%
	-26%
	-2%
	-2%
	-1.9%
	-0.9%



Observation 5: For Receiver-assisted LBT/Receiver-only LBT, if a high EDT_Rx threshold is used, the DL cell-edge performance degrades if only CTS/idle indication is fed back when interference level is lower than the EDT_Rx threshold.

Conclusions
Based on the discussions, the following proposals and observations were made:
Observation 1: specifying the spatial relationship between a wide LBT beam and multiple subsequent   transmission beams is feasible if spatial properties similar to those defined in TS 38.104 for a transmission beam are defined for the LBT beam, including beam peak direction, beam center direction and beamwidth.
Observation 2: When network allows enabling/disabling the LBT mode, coexistence issues would arise as the performance of the nodes operating with LBT mode would be adversely impacted by the nodes operating with No-LBT on the channel without a time limit .
Observation 3: When No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist.
Observation 4: Compared to No-LBT, substantial coverage gains are achieved using Receiver-assisted LBT/Receiver-only LBT in the indoor scenario, especially at medium and high traffic load.
· Even higher gains are realized when wider beams are used for directional transmissions    

Observation 5: For Receiver-assisted LBT/Receiver-only LBT, if a high EDT_Rx threshold is used, the DL cell-edge performance degrades if only CTS/idle indication is fed back when interference level is lower than the EDT_Rx threshold.
Proposal 1: For operation in NR-U-60, confirm the working assumption on Pout definition in RAN1 #104bis-e in its original form or with Pout defined as the maximum of mean EIRP of each transmission burst during the COT from the node determining the EDT.
Proposal 2: For defining Pout as the maximum of mean EIRP of each transmission burst during the COT from the node determining the EDT, define the ‘transmission burst’ stated in the HS EN 302 567 as a set of transmissions from the node determining EDT without any gaps, or with gaps no greater than X μs.
· FFS: Value of X
Proposal 3: For operation in NR-U-60, the term ‘Operating Channel Bandwidth’ in the agreed baseline EDT formula is defined as the ‘LBT Bandwidth’ or the ‘bandwidth on which a channel access procedure is performed in shared spectrum’.              
Proposal 4: For operation in NR-U-60, the agreed baseline EDT formula should be adjusted such that, for a given RF output power (EIRP), the EDT proportionally increases with the effective transmit beamforming gain of the potential following transmission(s) by the device.
Proposal 5: For operation in NR-U-60, when LBT is used, adopt the following formula to capture the potential adjustment to the baseline EDT formula based on the transmit beamforming gain:

· GTX is the effective transmit antenna gain at the potential transmitter [dBi]
· GTX,max is the maximum supported transmit antenna gain [dBi]
· a is a scaling factor such that  0≤ a≤ 1
Proposal 6: For operation in NR-U-60, when LBT is used, the sensing beamforming gain of the LBT beam is deducted from the detected energy level before comparing it to the EDT.
Proposal 7: The value of the adjustment to ED threshold based on the sensing beam and the transmission beam is zero if the transmit antenna gain reaches  which is the maximum supported transmit antenna gain.
Proposal 8: Confirm the following WA reached in RAN1 #104bis-e:
“For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.”
Proposal 9: For operation in NR-U-60, when LBT is used, the measurement duration X us within the 5us observation is implementation specific.
Proposal 10: For a multi-carrier transmission in intra-band CA in NR-U-60, in addition to the agreed Alt CA.1, support performing a single LBT over all CCs, i.e., Alt CA.2.  
Proposal 11: For multi-channel access in NR-U-60, support both Type A and Type B procedures.
Proposal 12: To define the sensing beam for LBT where at least the sensing beam(s) “covers” the transmission beam(s), support both Alt 1 and Alt 2 each for an appropriate use case as follows:
· Alt 2: One-to-one correspondence between LBT beam(s) and transmit beam(s), e.g., independent per-beam LBTs
· Alt 1: One-to-many correspondence between LBT beam and transmit beams and using quasi-omni-directional LBT beam 

Proposal 13: For initiating a COT with SDM or TDM of different beams using a single LBT beam that “covers” all the subsequent DL transmission beams, gNB selects a spatial sensing filter that minimizes the resulting [3]dB sensing beamwidth which at least contains all beam peak directions of the subsequent DL transmission beams within the COT (Alt-1E).
Proposal 14: For initiating a COT with SDM or TDM of different beams, support multiple independent per-beam LBTs, i.e. Alt 2.
Proposal 15: When gNB performs multiple independent per-beam LBTs, the spatial domain sensing filter for an LBT beam is the same as the spatial domain filter used for the corresponding transmission beam.
Proposal 16: For initiating a COT with SDM or TDM of different beams, support one LBT beam covering all transmission beams (Alt 1) as a fallback mechanism when the one-to-one correspondence between the LBT beams and transmission beams cannot be established.
Proposal 17: For initiating a COT with SDM or TDM of different beams, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, support performing the per-beam LBTs simultaneously in parallel (Agree to FL Proposals 2.7.1-2 and 2.7.1-4 from RAN1#105-e).
· FFS: How to coordinate these parallel LBTs to align the start times of the SDMed transmissions, and how to determine the COT start time in the TDM case.
· If the node is incapable of sensing simultaneously in different beams, a single LBT beam covering the multiplexed transmission beams should be used.

Proposal 18: For COT sharing without LBT in NR-U-60, support Option 2 for defining the maximum gap Y within which a transmission from a responding device occurs without LBT (Y=a multiple number of OFDM symbols).
Proposal 19: The following use cases of CAT2 LBT related to COT initiation should be prioritized in the discussion due to the low complexity and overhead of CAT2 LBT compared to eCCA:
·  Starting transmission on a secondary channel in Type B multi-channel access, if supported
· Energy measurement and reporting of Rx-assistance information by the receiver in Rx-assisted LBT, if supported 

Proposal 20: For a receiver UE to provide assistance information in channel access in the DL scenario, support Scheme 2-1 with the downlink data transmission being scheduled by the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission.
Proposal 21: For a receiver-assistance in channel access in the UL scenario, discuss supporting a scheme corresponding to Scheme 2-1 for the case in which the scheduling offset K2 is too long for the LBT performed by gNB before the UL grant to represent the interference at gNB during the reception of the scheduled PUSCH(s).
Proposal 22: For a receiver UE to provide assistance information in channel access in the DL scenario, support introducing a new field in DCI format 1_1 scrambled with C-RNTI, CS-RNTI or MCS-C-RNTI, to schedule/trigger PUCCH/A-SRS resource before the start of the scheduled PDSCH(s)
· PUCCH: A 3-bit field ‘ChannelAccess-PUCCH resource indicator’ is introduced and the existing mechanism for indicating PUCCH resource can be reused 
· UCI Payload size is configurable between 1 bit (CTS only) or 7 bits (energy measurement report such as L1-RSSI)

· A-SRS: 2-bit ‘Channel access indicator’ indicates the SRS trigger mode for reusing existing ‘SRS Request’ field to trigger a single aperiodic SRS resource set for receiver-assisted channel access, or trigger aperiodic SRS resource set(s) for legacy MIMO/positioning purposes, or both.
· The UE can be configured with one or more aperiodic SRS resource set(s) in SRS-Config (Currently supported). For the configured aperiodic SRS resource sets, an optional RRC parameter (e.g., ‘SRS-ChannelAccess’) is configured to indicate that the SRS resource set is for receiver assistance report for channel access only. 

Proposal 23: For a receiver UE to provide assistance information in channel access in the DL scenario, support configuring/indicating a time offset of a small value range to the UE for transmitting the scheduled/triggered PUCCH/A-SRS resource with respect to the beginning of the scheduled PDSCH(s)
· PUCCH: Add a new field of a configurable bitwidth (0, 1 or 2 bits) in the DCI format 1_1 to indicate the slot level offset from the indicated PUCCH resource to the start of the scheduled PDSCH(s), e.g., ‘ChannelAccess-PUCCH-to-PDSCH timing indicator’.  

· A-SRS:  Higher layer parameters startPosition and slotOffset and can be reused such that slotOffset for an aperiodic SRS resource (set) triggered for providing receiver assistance in channel access is reinterpreted as the number of slots from the actual transmission of the triggered aperiodic SRS resource (set) to the start of the scheduled PDSCH(s).

Proposal 24: For a receiver UE to provide assistance information in channel access in the DL scenario, support configuring a higher layer parameter providing the LBT type for the UE to access the channel and transmit the scheduled/triggered PUCCH/A-SRS 
· This can be provided using common or dedicated signaling. 

Proposal 25: For a receiver UE to provide assistance information in channel access in the DL scenario, the following procedures are applied: 
1) A UE that has received a DCI format 1_1 scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s) transmits the triggered A-SRS or the scheduled PUCCH, including the detected energy level if configured, only if it has accessed the channel according to the UE-side LBT performed prior to the indicated time resource for transmitting the scheduled/triggered PUCCH/A-SRS.
2) A gNB that has transmitted a DCI format 1_1 to a UE scheduling/triggering PUCCH/A-SRS resource before the start of the scheduled PDSCH(s) may transmit the scheduled PDSCH(s) and any subsequent DL control/data only if it has received the scheduled/triggered PUCCH/A-SRS from that UE, the transmission of the scheduled PDSCH(s) is dropped otherwise.
Proposal 26: For operation in the 60 GHz band, in regions where LBT is not mandated, indication of the decision on applying LBT mode or no-LBT mode per beam is not supported.
Proposal 27: For operation in the 60 GHz band, in regions where LBT is not mandated, indication of the decision on applying LBT mode or no-LBT mode using L1 signaling is not supported.
Proposal 28: For operation in the 60 GHz band, in regions where LBT is not mandated, the serving cell may enable Rx-side LBT using a higher layer configuration to mitigate high levels of interference experienced from hidden nodes. 
Proposal 29: For operation in the 60 GHz band, in regions where LBT is not mandated, COT should be limited when No–LBT is used.
Proposal 30: In regions where LBT is mandated, only channels/signals included in the DB as defined for Rel-16 NR-U should be supported for contention exemption short control signaling based DL transmission.
Proposal 31: In regions where LBT is mandated, contention-exempt short control signaling rules apply to the transmission of msg1 for 4 step RACH and msgA for 2-step RACH such that the 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured in a cell (Alt 1).
Proposal 32: In regions where LBT is mandated, contention-exempt short control signaling based transmission is not supported for UL signals/channels other than msg1/msgA.
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Table 3: RF output power limit

Antenna Gain (Ga)

Additional Conditions

Maximum power level (EIRP)

Ga<13dBi 27 dBm + Ga
13 dBi = Ga< 30 dBi 40 dBm
40 dBm
30 dBi = Ga
Fixed outdoor installations 55 dBm
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Table 2: Power Spectral Density (PSD) limit

Condition Maximum EIRPg

Fixed outdoor installations with > 30 dBi 38 dBm/MHz
transmit antenna gain

Otherwise 23 dBm/MHz





