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Introduction  
At the end of RAN1#105e, multiple discussion points had not reached convergence and consensus. In this paper we present potential proposals better designed for consensus The relevant agreements, FFS elements and guidelines for different considerations are captured in the section that discusses them.
Energy Detection and related computation aspects

Pout working assumption
The working assumption on the definition of Pout to be used in energy detection threshold computation requires clarification. 

	[bookmark: _Hlk77506949]Proposal from Discussion: (RAN1#105e)
[bookmark: _Hlk77506490]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. 



The ‘at least’ formulation leaves open the room for (1) selection of a larger Pout to be conservative as implementation
(2) Allow for design of medium access for COT sharing case if COT sharing node is using a larger EIRP than the COT initiating node

[bookmark: a_put]Proposal 1:  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. 

Adjustment to ED computation and threshold for beamformed transmission and beamformed sensing

We have maintained that the criterion for LBT based silencing, namely comparison of any quantity related to sensed energy with a threshold, needs to be cognizant of transmit beam and beamformed sensing to be universal, fair and unambiguously implemented. 

On further adjustment of ED Threshold based on the sensing beam and the transmission beam – such that further adjustments do not violate EDT requirements per regulation, support for additional adjustment to ED computation/threshold that includes the relationship between transmit beamforming and sensing beam,  has a support of majority of companies.  

In the discussion from RAN1#105e meeting, we support Alt A captured below. 
	[bookmark: _Hlk77507816]Proposal from Discussion: (RAN1#105e) [2]
On further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations), please provide your view for the following
· [bookmark: _Hlk77507036]Alt A: Support additional adjustment to Energy Detection computation/threshold to include transmit beamforming and/or sensing beam 
· Alt B: No additional adjustment to Energy Detection computation introduced (Energy measurement directly compared with baseline EDT agreed no matter which transmit beamform(s) and sensing beam(s) are used




In general, the matched scenario, namely the use of same antenna and beam for sensing and for transmission, should be ideally taken as a baseline scenario, where beam-based adjustment to energy sensing is not necessary.  While keeping the transmission beam the same, if the sensing beam is different than that used for transmission, the measured values of energy are likely to be different than matched beam case, and hence an adjustment to the comparison equation is needed to maintain that the LBT backoff is commensurate with the transmission beam. 

[bookmark: b_ED1]Proposal 2:  Support additional adjustment to Energy Detection computation/threshold to include the relationship between the transmit beamforming and sensing beam.
[bookmark: c_ED2]Proposal 3:  If sensing beam is same as transmission beam, the beam based adjustment to the Energy Detection computation/threshold should be zero.

Additional discussion is provided in the section on directional sensing. 
LBT Bandwidth aspects
The key agreement related to bandwidth used for sensing, reached in RAN1#104-bis-e is as follows:
	Agreement:
For LBT for single carrier transmission, continue down selection between
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, continue down selection between
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC



An important aspect of this decision is the consideration of partial (frequency domain) winning and occupancy of the channel. The discussion proposal from [2] asked the following question.  

	Proposal from Discussion: (RAN1#105e)
For single carrier transmission or multi-carrier transmission, should we support the functionality to access a carrier if there is interference in part of the carrier?



We believe the answer to this question is affirmative especially with wide bandwidth deployments being considered for single carrier, and as an extension, multi-carrier scenarios. Given the wide and heterogenous bandwidth and open channelization available to be used in the 60 GHz band it is expected that the channel access procedure should allow opportunistic transmissions in unoccupied sections of the deployed bandwidth

[bookmark: d_lbtbw]Proposal 4: For a single carrier transmission, enable mechanism that permits access to part of the carrier based on LBT success in that part of the carrier. 	

This has implications on the bandwidth used for sensing.  The key considerations for determining of the bandwidth used for sensing are flexibility of operation and simplicity of specification. That indicates a favorable case for performing sensing on multiple units of LBT bandwidth. On the other hand, given the wide bandwidth, determining a single number for LBT bandwidth is harder to justify – larger values would lose opportunistic spectrum usage, while smaller values would imply enforcing large number of separate sensing operations in a wide channel deployment. 
To continue to support the flexibility and wide range of deployment bandwidths offered by NR, and yet also allow opportunistic transmissions in unoccupied sections of the deployed bandwidth, we propose that the LBT Bandwidth unit selection follow Alt SC-3. For simplification, the choices of LBT Bandwidth can be limited to a finite set of values, either explicitly stated or derived from channel/BWP bandwidth. The main additional requirement, as commonly understood, is that the LBT bandwidth should cover the transmission bandwidth.  

[bookmark: p11][bookmark: e_sc1]Proposal 5: For single carrier LBT, support both Alt SC.1 and Alt SC.3 as implementation choices, as long as the aggregated LBT bandwidth covers the transmission bandwidth. 

	Proposal from Discussion: (RAN1#105e) [2]
For LBT for single carrier transmissions, support both Alt SC.1 and Alt SC.3. 
· For Alt SC.3, the LBT bandwidth is chosen from a set of bandwidth values (FFS the set of values)
· FFS if and how gNB indicates the LBT bandwidth adopted to UE
· FFS if and how UE indicates the LBT bandwidth adopted to gNB




The main consideration is UL to DL COT sharing when using LBT bandwidthbased sensing. 
[bookmark: g_lbtbw]Proposal 6: If Alt SC.3 is supported, for UL to DL COT Sharing, the LBT bandwidth adopted is indicated to gNB via UE capability signaling.

The multi-carrier transmissions should be compatible with the design choice made for single carrier operation. 
[bookmark: p12][bookmark: h_ca]Proposal 7:  For multi-carrier transmission in intra-band CA, Alt-CA.1, Alt-CA-2, and Alt CA.5 are made implementation choices, the aggregated LBT bandwidth covers the transmission bandwidth.
Sensing Structure aspects
For energy measurement during deferral period, the Ran1#105e discussions converged to selection between one of the following alternatives without reaching consensus. 

	Proposal for discussion: (Ran1#105e)
For energy measurement in 8us deferral period, performs single measurement within 8us, the measurement duration is selected from one of the following alternatives:
· Alt 1: At least 3+X us (FFS X, such as X=1).
· Alt 2: At least X us, where X is the same as the minimum measurement duration in a 5 us observation slot 



The main motivation of Alt 1, sensing duration of at least 3+X us is a worst case design, so that sensing does not miss the presence of interference in the presence of gaps of the size of WiGig SIFS, namely 3us, irrespective of where SIFS appears.  This design though does not ensure that interference from other type of nodes, including NR nodes, are detected with the same certainty, primarily due to variations in gaps and beam switches due to COT Sharing with high flexibility on the time inside the COT. 

The principal argument for keeping the sensing structure simple is that unlike Sub-6 NR-U the COT for this band can consist of transmissions with gaps within the same COT with arbitrary value of the gap. This is unlike wifi like systems where the largest gaps in a single TxOP requiring LBT are kept to 3us.  In that sense, imposing restriction on the location of measurement within a deferral slot has limited benefits. On the other hand, if a single measurement is performed over a period larger than the 5us observation slot, it is useful to ensure that its chance of missing the presence of an interference remains the same or less than a 5us observation slot.  Further, there must be some duration of measurement that is performed in the first 3 us of the 8us deferral period. If the entire measurement/sensing is permitted to be after 3us then the behavior of 8us deferral will be indistinguishable from a 5us observation slot under testing.

Driven by these motivations, it is possible to strike a balance between low probability of missed detection of presence of other interferers and the total sensing duration as proposed in the following alternative to Alt 1. 

[bookmark: i_sensing]Proposal 8: For energy measurement in 8us deferral period, performs a single measurement within 8us, the measurement duration is chosen as at least Y+X us, such that at least Y us of the measurements take place in the first 3 us and Y us of the measurement takes place in the last 5 us. The value of Y is FFS and less than or equal to 3us. 

Note that a non-zero Y decreases the chance of missed detection of busy slot due to running into a SIF. Ensuring that  Y is in first 3us  distinguishes the deferral measurement from a 5 us observation slot measurement. 

COT Sharing aspects
Although ETSI regulation 302 567 does allow a COT to be shared with responding node without a requirement on sensing. On the other hand, there are regional regulations that do not permit such a sensing free transmission, e.g., Japan. Ability for NR procedures to support operation in unlicensed bands requires a configurable design. Therefore, there is a strong incentive to support a design that works for both alternatives. This also is a strong incentive to specify Cat 2 LBT.

	Proposal for discussion: (RAN1#105e):
On maximum gap within a COT to allow COT sharing without LBT, down-select or support both of the following two alternatives
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT



We propose a version of Alt 3 with configurability of at least 2 values for Y. A value indicating Y as MCOT duration or higher, may ensure an operation that can work in both modes. 

[bookmark: k_cotsharing]Proposal 9: If Cat 2 LBT is defined, for COT Sharing, define a configurable maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT. 

For DL to UL COT Sharing, the UE need not be aware of the transmission gap Y but needs to know whether it needs to perform a Cat 2 LBT. This can be indicated to the UE from the gNB via DCI. For UL to DL COT sharing, the gNB can determine based on the timing of the UL transmission whether it needs to perform Cat 2 LBT. In that sense, in Proposal 9, the value of Y may be transparent to the UE.  
Cat 2 LBT aspects
In RAN1#104e, RAN1 reached the following agreements regarding Cat 2 LBT. 
	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.



Cat 2 LBT is a single measurement of energy for a specified duration. Multiple companies have proposed the use of Cat 2 LBT as a component of various medium access procedures described in the language of the agreement. Cat2 LBT, also called one-shot LBT (Type 2A, 2B for Rel .16) is not required by regulation and hence the principal question is whether defining such a measurement/sensing and tying it to medium access procedures brings benefits. Following set of reasons collectively should be considered in favor of specifying Cat 2 LBT. 

(1) Cat 2 LBT provides a predictable time for channel sensing compared to the variability of time for the CAT4 LBT 
(2) Cat 2 LBT, with duration properly selected, can be readily implemented with little extra added complexity at any device that implements Cat 4 LBT. Note that as part of the eCCA procedure, sensing requirements for a 5us slot and a 8 us deferral period are already needed to be identified. It is relatively straightforward to adopt them to define a Cat 2 LBT procedure.
(3) At least fixed duration sensing is a regulatory requirement in regions such as Japan. A Cat 2 LBT support in NR facilitates unlicensed operation in those regions.  
(4) Predictability permits scheduling of sensing in time, that is favorable for sensing procedure that includes beam sweeping.

Given that such a sensing is not required by regulation, we propose the use of Cat 2 LBT as an optional/configured and triggered component of LBT procedures for the use cases discussed in the meetings. 
In line with Cat 2 LBT defined for Rel. 16 NR-U, a few candidate durations for Cat 2 LBT are (1) equal to Cat 4 deferral period, i.e. 8us (2) equal to Cat 4 deferral + 1 observation slot, i.e. 13 us. 

[bookmark: m_cat2]Proposal 10: Define Cat 2 LBT as sensing with X us duration. Suggested candidate values for X are 8 us or 13 us. The sensing structure can reuse Cat 4 LBT with n=0 or 1 respectively.
[bookmark: n_cat2]Proposal 11: Introduce Cat 2 LBT as an optional/configured and triggered component of COT Sharing, Multi-Beam LBT, and transmission with a gap.
Rx Assistance aspects

The agreement from RAN1#104bis-e stands as follows: 
	Agreement:
For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 




As part of the discussion in RAN1#105e the debate for Rx Assistance was centred around the following proposal
	Proposal for discussion: RAN1#105e 
As a receiver assistance technique, introduce L1-RSSI measurement to be sent as part of an enhanced AP-CSI report
· FFS: Timeline of measurement, reporting and trigger
· FFS: Measurement configuration/resource of L1-RSSI 
· FFS: ZP-CSI-RS based measurement 
· FFS: Beam specific RSSI measurement and reporting
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· FFS: CCA/eCCA based receiver assistance




AP-CSI Enhancements are concurrently being considered in the ongoing Rel. 17 WI on Enhanced IIOT and URLLC. 
The most important enhancement under consideration is reporting of AP-CSI on PUCCH that is triggered by DL control signaling. Yet the content of CSI enhancements being considered in the ongoing discussions, namely, statistical CQI, Interference Standard Deviation, worst case CQI, increasing granularity of subband CQI and CQI-only update, are orthogonal to the form of Rx-Assistance being considered in the 52-71GHz WI. The question of processing time reduction for CQI is being addressed only in the context of CQI reporting. 

In the context of unlicensed operation in the 52-71GHz, the enhancement considered for Rx-Assistance does not overlap with the enhancements in the IIOT/URLLC WI. The key report of interest is a stand-in for energy measurement as done in Cat2/Type 2 LBT, that capitalizes on the NR CSI framework. 

The following list can be identified as the components of the design needed for energy measurement.

(1) The metric for reporting: An enhancement that introduces L1-RSSI as a component of CSI report. Some of the options available are (1) encoding of raw RSSI value with known quantization (2) 1 bit decision on the RSSI value when compared with a threshold that is configured 
(2) The trigger: For Rx-Assistance for DL, the appropriate trigger is DCI for UL grant.  
(3) The timeline and resource for measurements:  ZP-CSI-RS based measurements conforming to existing Z1 requirements can be used as a baseline the L1-RSSI measurement
(4) The timeline for reporting: The same Z2 constraints as applicable for AP-CSI for this band can be applied as a baseline while allowing PUCCH to carry the L1-RSSI report

Further, the RSSI measurement could be beam specific, i.e., done on a beam identified via a TCI state. The measurement configuration can include the TCI to be used. 


[bookmark: o_l1rssi]Proposal 12: Beam Specific L1-RSSI measurement and reporting should be supported. 
Proposal 13: Consider the use of RSSI compared to a configurable threshold as part of the L1-RSSI report  
Proposal 14: Consider use of UL grant DCI for trigger of Beam Specific L1-RSSI measurement and reporting for enhanced AP-CSI in PUSCH.
Proposal 15: Consider use of PUCCH for sending Beam Specific L1-RSSI measurement and reporting for enhanced AP-CSI. 
Proposal 16: Use Rel. 16 AP-CSI timelines as baseline for enhanced AP-CSI reporting with L1-RSSI  and study further possible tightening of the timelines.  
[bookmark: p_rssi]Proposal 17: For UL to DL COT sharing with CG-PUSCH, the Time and Frequency resources for RSSI measurement and the reporting can accompany CG-UCI sent on the uplink.
Multi-Beam LBT aspects
The agreements from RAN1#104e regarding Multi-Beam LBT are listed below. 
	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

Agreement:
· SSB transmission with LBT is supported, at least when the conditions for contention exempt short control signalling based SSB transmission is not met 
· Note the channel access for SSB with LBT may not be different from a normal COT with multiple beams
· FFS: If any difference from a multi-beam COT LBT needs to be introduced

Agreement:
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
· 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:
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
· 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




The key debates on Multi-Beam COT are capture below on two separate use-cases. The first is a COT where beams are sent in SDM way and not changed during the COT. 

	
Proposal for discussion: 
Proposal 2.7.1-1 
For a COT with MU-MIMO (SDM) transmission, support both Alt 1 and Alt 2 below:
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

Proposal 2.7.1-3  
Within a COT with TDM of beams with beam switching, down-select to one of the following LBT operations 
· Alt A:  Support both Alt-1 and Alt 2
· Alt B:  Support both Alt-1 and Alt 3



Here the proposal has near uniform support, i.e., both, wide single beam LBT and independent per beam LBT should be supported. 

For SDM transmissions, independent per-beam sensing and channel access decision provides the maximum flexibility to nodes contending for the medium.  On the other hand, a single sensing beam valid to be used with multiple beams with potentially different beam gains is attractive for simplicity and beam selection flexibility so long as the chosen beams can be used with the sensing beam. For SDM transmission, we propose supporting both Alt 1 and Alt 2 in the specification. 
[bookmark: p_mlbt][bookmark: p4_1][bookmark: m_lbt_0]Proposal 18:  For SDM transmission, support both (Alt1) single LBT sensing with wide beam covers all beams used in the COT and (Alt 2) independent per beam sensing. 
Especially when a node has capability to do separate sensing operations for multiple beams, the following proposal to enable separate per beam sensing should be readily agreeable for both type of Multi-Beam COTs – namely 

	Proposal 2.7.1-2  
[bookmark: _Hlk77524417]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. 
Proposal 2.7.1-4  
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. 



We support both these proposals:
[bookmark: m_lbt_sdm]Proposal 19: For a COT with MU-MIMO (SDM) transmission if independent per beam LBT is supported, and if the node has the capability to perform simultaneous sensing in different beams, simultaneous per-beam LBT for different beams is supported.
[bookmark: m_lbt_tdm]Proposal 20: Within a COT with TDM of beams with beam switching, if independent per beam LBT is supported, and if the node has the capability to perform simultaneous sensing in different beams, simultaneous per-beam LBT for different beams is supported.

We also consider accumulation of channel access rights by clearing LBT for different beams within a COT at different times.  In particular: 

[bookmark: m_lbt_tdm1a]Proposal 21: 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),  select,  Alt A-2, namely, 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.

The mode of operation for TDM of beams with beam switching, we support the mode Alt A which corresponds to – supporting both, single wide beam LBT and per beam LBT at the start of the COT.  Among per beam LBT options, our preference is towards Alt-A-2.

[bookmark: m_lbt_tdm2]Proposal 22: Within a COT with TDM of beams with beam switching, down-select to the following LBT operations 
Alt A:  Support both Alt-1 and Alt-2, where Alt-1 and Alt -2 are part of earlier agreement as follows: 
· 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
Multi-Channel Channel Access aspects
By meeting RAN1#104e, RAN1 reached the following agreements and listed for-further-study the following considerations related to Multi-Channel LBT.
Agreement: (RAN1#104e)
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

As part of the discussion in RAN1#105e, further distillation was reached for the following proposals. 

	Proposal for discussion: (RAN1#105e)
· Type A multi-channel channel access is supported
· If Cat 2 LBT is introduced, type B multi-channel channel access is supported



 Type B multi-channel access from Rel 16 NR-U eCCA on primary channel and a Cat 2 LBT in other channels in a last observation slot permits tying the medium access on multiple channels together, allowing increased predictability and helps in scheduling, cross-channel use of control signaling and data transmissions tied to the COT. On the other hand, the channel access on the the secondary channel done via Cat 2 LBT may violate ETSI Bran medium access requirements of eCCA in that channel, even if the duration of Cat 2 LBT is chosen to be large. Given this regulatory obstacle, we propose restricting to Type A only channel access. 

[bookmark: m_mc]Proposal 23: Adopt Alt-1 for multi-channel access, i.e. support Type A multi-channel access only. 
Directional LBT aspects
RAN1#105e discussion recommended the following discussion proposal as a starting point of the directional LBT convergence.

	Proposal for discussion: RAN1#105e
Proposal 2.9.4-1 (high priority)
3GPP specification defines 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
· [bookmark: _Hlk79088539]Alt 1: Specify necessary requirement/test procedure to guarantee sensing beam “covers” the transmission beam
· FFS: This is handled in RAN1 and/or RAN4
· FFS: the angle included in the [3] dB beamwidth of the transmission beam is included in the [X, FFS] dB beamwidth of the sensing beam.
· FFS: the sensing beam gain measured along the direction of peak transmission direction is at least X [FFS] dB of the transmission beam gain
· FFS: The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A  [FFS] dB of the peak transmission beam gain the sensing beam gain measured along the chosen directions is at least X [FFS] dB of the transmission beam gain in those directions.
· FFS: Sensing beam has the minimum [3]dB beamwidth which at least contains all beam peak directions of transmission beams
· Other mechanisms not precluded 
· Alt 2. Extending the beam correspondence framework and/or QCL/TCI/SpatialRelationInfo framework to define “cover” and to indicate sensing beam(s) associated with a transmission beam(s)
· FFS: Details on how to extend the beam correspondence framework and/or QCL/TCI/ SpatialRelationInfo framework



Among the FFS items list in Alt 1, we consider option 4 to be the most sensible option which combines simplicity without assuming structure or imposing constraints on the choice of transmission beams. It aims to achieve sufficiently high sensing gain along the directions of high interference footprint of the transmission beam. 
[bookmark: r_dire0]Proposal 24: Adopt Alt 1 and specify requirement/test procedure to guarantee sensing beam “covers” the transmission beam.
[bookmark: r_dire1]Proposal 25: If Alt 1 is chosen, consider the following criterion for eligibility of sensing beam.  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 transmission beam gain in those directions.

The Alternative 2 goes beyond defining the relationship between sensing and transmission beam and define signaling and test requirements based on enhancements to beam correspondence and TCI signaling framework. The TCI/QCL Framework as it stands is quite limiting.  On the positive side, TCI/QCL framework connects two transmissions –as quasi collocated and their relationship can be signaled. On the other hand, the framework connects only two transmitter side beams. Extra step is needed to connect a transmitter beam with a sensing beam.  In general, the sensing beam to transmitter beam is a many-to-many relationship, i.e., a single sensing beam can be used for multiple transmission beams in a COT and potentially the specification should permit the use of any ‘eligible’ sensing beams to be used for a given transmission beam.  The current QCT/TCI framework assumes a tree structured relationship which does not permit many-to-many QCL relationships.    

The concept of connecting a transmission beam with reception/sensing beam has been previously visited in the context of beam correspondence where a UE with beam correspondence capability can identify a good beam for uplink transmission based on DL reception beam, without undergoing uplink beam sweep.  This indeed specifies a sufficiently good transmission beam as matching the reception beam.  In case of directional sensing the problem is dual. The equivalent ‘reception beam’ would be the sensing beam.  In this case the transmission beam of interest is already identified and the eligibility of sensing beam for that transmission beam is in question. Beam correspondence in the original sense is testable via the quality of transmission beam. On the other hand, the eligibility of sensing beam is not tested as there is no signal to measure but an LBT criterion needs to be satisfied instead.  Therefore we prefer  not to use beam correspondence framework to be extended for LBT. 

Instead, we propose a modification to Alt 1 which provides a testable path to defining directional sensing. It is proposed in Proposal 26. The promising alternative is not to compare the sensing beam gain with transmission beam gain, but instead compare the sensing beam gain with sensing beam gain in the direction of the peak transmit EIRP.  

[bookmark: r_dire2]Proposal 26: If Alt 1 is chosen, consider the following criterion for eligibility of sensing beam.  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 sensing beam gain in peak transmission directions.

[image: ]
Figure 1  Sketch depicting candidate relationship between transmission beam EIRP (left Y axis) and Sensing beam gain (Right Y axis). The figure shows Transmission Beam’s interference footprint (left), an eligible sensing beam (middle) and an ineligible sensing beam (right) 
The criterion is tested by (1) sampling of the points with high EIRP (within A dB of the highest value) , (2) determining the energy level of the jammer in the peak EIRP direction of the transmitter can silence the transmitter (LBT/adaptivity conformance test) , (3) placing the jammer at sampled directions and increasing the power of the jammer until the transmitter is silenced . If the power of the jammer is kept within X dB, the test is successful in determining that the sensing beam gain is sufficiently high. This is depicted in Figure 2 below. 
[image: ][image: ]
Figure 2  Testing Directional Sensing: Left: Jammer along peak EIRP direction  causes LBT failure at the DUT at power Z0, Right: Jammer along strong direction   needs power Zi to silence the same transmitter beam

No-LBT aspects
 Cell Specific and UE Specific indication of LBT mode/ vs No LBT mode was adopted as an agreement in RAN11-105e. The main question open is whether it is useful to have that indication beam specific. Although potential use cases of CPE like devices in consideration, with multi-panel antennas, higher power, and high beamforming gain, making certain interference directional, we believe the desired functionality can be achieved by UE specific indication of LBT mode. Per beam indication of the mode would add limited value while requiring higher complexity in signaling, design and testing. 
[bookmark: s_1] Proposal 27: Do not support per beam indication of the decision on applying LBT mode or no-LBT mode.
Contention Exemption and Short Control Signaling aspects 
During RAN1#105, the following proposal for discussion was put forth for contention exempt uplink transmissions, which majority companies support: 

	Proposal for discussion: (RAN1#105e)
· 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




Alt 1, although simpler to specify and verify/enforce, is more restrictive than that required by regulation. 
Alt1 restrictions on cell wide configurations of control signaling, may result in some of the configurations that are allowed for NR licensed operation to be ineligible for operation in the unlicensed band.

On the other hand, use of Alt 2 is compliant with regulation and is less restrictive.  it requires control signaling procedure to be designed with the consideration that in case short control signaling budget is exceeded, LBT is used at the UE. 

[bookmark: t_1]Proposal 28:  Support Alt 2. 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. The 10% over any 100ms interval restriction is applicable from the perspective of the UE in accordance with per device requirement set by regulation.

[bookmark: t_2]Proposal 29:  SRS should be included towards contention exempt transmissions.
[bookmark: t_3]Proposal 30:  PUCCH should be included towards contention exempt transmissions.
[bookmark: t_4]Proposal 31:  PUSCH without user plane data, such as CSI or Ack/Nack, and msg3 should be included towards contention exempt transmissions.

For downlink we support contention exempt transmissions for all control signalling under the duty cycle restrictions imposed by regulations, including PDSCH transmission not carrying user-plane data.

[bookmark: p14][bookmark: t_6]Proposal 32:  Under the restrictions of duty cycle for short control signaling, allow SS/PBCH, PDCCH, CSI-RS and PRS for contention exempt transmission. 
CWS and CAPC aspects
We reiterate our position that sophisticated procedures for CWS adjustment or channel access priority class (CAPC) may not be necessary for higher band channel access. Based on current requirements on deferral period and contention window, it is possible to serve any traffic with worst case delay of the order of 25 us. That is   sufficiently small for envisioned high priority traffic to be served with low latency overhead.  Roughly symmetric behaviour in aggressor and victim observed in Sub6 unlicensed bands motivates the CWS adjustment type procedures introduced in Rel. 16 NR-U.
On the other hand, unlike Sub-7GHz, there is large asymmetry between interferer link and the interfered link in 60GHz spectrum. Contention Window adjustment procedure – namely extension of the window on collision/HARQ NAK based schemes will affect primarily the victim’s ability to access the medium instead of increasing the fairness of channel access. Therefore, we maintain the following proposal: 

[bookmark: p20][bookmark: u_1]Proposal 33:  CWS adjustment need not be introduced for 60GHz band.
[bookmark: p21][bookmark: u_2]Proposal 34:  CAPC need not be introduced for 60GHz band.

Conclusions
We have the following observations and proposals:
Proposal 1:  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. 
Proposal 2:  Support additional adjustment to Energy Detection computation/threshold to include the relationship between the transmit beamforming and sensing beam.
Proposal 3:  If sensing beam is same as transmission beam, the beam based adjustment to the Energy Detection computation/threshold should be zero.

Proposal 4: For a single carrier transmission, enable mechanism that permits access to part of the carrier based on LBT success in that part of the carrier.  
Proposal 5: For single carrier LBT, support both Alt SC.1 and Alt SC.3 as implementation choices, as long as the aggregated LBT bandwidth covers the transmission bandwidth. 
Error! Reference source not found.Proposal 6: If Alt SC.3 is supported, for UL to DL COT Sharing, the LBT bandwidth adopted is indicated to gNB via UE capability signaling.
Proposal 7:  For multi-carrier transmission in intra-band CA, Alt-CA.1, Alt-CA-2, and Alt CA.5 are made implementation choices,  the aggregated LBT bandwidth covers the transmission bandwidth. 

Proposal 8: For energy measurement in 8us deferral period, performs a single measurement within 8us, the measurement duration is chosen as at least Y+X us, such that at least Y us of the measurements take place in the first 3 us and Y us of the measurement takes place in the last 5 us. The value of Y is FFS and less than or equal to 3us. 

Proposal 9: If Cat 2 LBT is defined, for COT Sharing, define a configurable maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT. 

Proposal 10: Define Cat 2 LBT as sensing with X us duration. Suggested candidate values for X are 8 us or 13 us. The sensing structure can reuse Cat 4 LBT with n=0 or 1 respectively.
Proposal 11: Introduce Cat 2 LBT as an optional/configured and triggered component of COT Sharing, Multi-Beam LBT, and transmission with a gap.

Proposal 12: Beam Specific L1-RSSI measurement and reporting should be supported. 
Proposal 13: Consider the use of RSSI compared to a configurable threshold as part of the L1-RSSI report  
Proposal 14: Consider use of UL grant DCI for trigger of Beam Specific L1-RSSI measurement and reporting for enhanced AP-CSI in PUSCH.
Proposal 15: Consider use of PUCCH for sending Beam Specific L1-RSSI measurement and reporting for enhanced AP-CSI. 
Proposal 16: Use Rel. 16 AP-CSI timelines as baseline for enhanced AP-CSI reporting with L1-RSSI  and study further possible tightening of the timelines.  
Proposal 17: For UL to DL COT sharing with CG-PUSCH, the Time and Frequency resources for RSSI measurement and the reporting can accompany CG-UCI sent on the uplink. 

Proposal 18:  For SDM transmission, support both (Alt1) single LBT sensing with wide beam covers all beams used in the COT and (Alt 2) independent per beam sensing. 
Proposal 19: For a COT with MU-MIMO (SDM) transmission if independent per beam LBT is supported, and if the node has the capability to perform simultaneous sensing in different beams, simultaneous per-beam LBT for different beams is supported.
Proposal 20: Within a COT with TDM of beams with beam switching, if independent per beam LBT is supported, and if the node has the capability to perform simultaneous sensing in different beams, simultaneous per-beam LBT for different beams is supported.
Proposal 21: 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),  select,  Alt A-2, namely, 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.
Proposal 22: Within a COT with TDM of beams with beam switching, down-select to the following LBT operations 
Alt A:  Support both Alt-1 and Alt-2, where Alt-1 and Alt -2 are part of earlier agreement as follows: 
· 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.    

Proposal 23: Adopt Alt-1 for multi-channel access, i.e. support Type A multi-channel access only. 

Proposal 24: Adopt Alt 1 and specify requirement/test procedure to guarantee sensing beam “covers” the transmission beam.
Proposal 25: If Alt 1 is chosen, consider the following criterion for eligibility of sensing beam.  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 transmission beam gain in those directions.
Proposal 26: If Alt 1 is chosen, consider the following criterion for eligibility of sensing beam.  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 sensing beam gain in peak transmission directions.
 Proposal 27: Do not support per beam indication of the decision on applying LBT mode or no-LBT mode.
Proposal 28:  Support Alt 2. 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. The 10% over any 100ms interval restriction is applicable from the perspective of the UE in accordance with per device requirement set by regulation.

Proposal 29:  SRS should be included towards contention exempt transmissions.
Proposal 30:  PUCCH should be included towards contention exempt transmissions.
Proposal 31:  PUSCH without user plane data, such as CSI or Ack/Nack, and msg3 should be included towards contention exempt transmissions.
Proposal 32:  Under the restrictions of duty cycle for short control signaling, allow SS/PBCH, PDCCH, CSI-RS and PRS for contention exempt transmission. 
Proposal 33:  CWS adjustment need not be introduced for 60GHz band.
Proposal 34:  CAPC need not be introduced for 60GHz band.
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