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Introduction
In RAN1#103-e, it has been agreed to support accommodating multiple SDM or TDM beams within the same COT when LBT mode is used, while the LBT behavior to initiate such COT has been left FFS.
In RAN#104-e,104bis-e and 105e, the following LBT approaches have been identified. . 
	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:
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



In this document, we further provide our views on the above alternatives based on the Feature Lead Summary of previous meeting [1].
Discussion
In the last meeting, the following four proposals  have been suggested by Feature Lead [1] after taking into account the inputs from companies: 
	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 2.7.1-2  
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 2.7.1-3  
Within a COT with TDM of beams with beam switching, at least support Alt 1
· FFS: If Alt 2 or Alt 3 are additionally supported. The decision can be made after we decide if Cat 2 LBT is introduced

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 are supportive on Proposal 2.7.1-1. Both single wide beam (Alt 1) and multiple independent narrow beams (Alt 2) should be allowed to use for initiate the COT, because they might be useful in different scenarios. For example, if multiple narrow beam directions are adjacent, it might be beneficial for reducing the LBT complexity by using a single wide sensing beam to cover all intended narrow directions. On the other hand, by using multiple independent narrow sensing beams, the transmission is still possible even if a subset of the intended directions are occupied. Furthermore, independent narrow sensing beams are also a good choice in case that those beam directions are not adjacent and therefore a single wide beam would otherwise cover unwanted directions. In the previous meeting, there was an opinion that it is premature to agree on this proposal because it is unclear how to perform directional sensing yet. But we support the Feature Lead’s view that no matter what final design for directional LBT is, the Alt 1 and Alt 2 in the proposal should apply. 
Proposal 1: Agree on Proposal 2.7.1-1 in Feature Lead Summary [1] i.e.
    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

For Proposal 2.7.1-2, as analyzed in our previous contribution [3], it is a nature choice for a node capable of transmitting SDM of beams. Therefore, we support the proposal. Again, we do not need to wait for the completion of the design of directional sensing.
Proposal 2: Agree on Proposal 2.7.1-2 in Feature Lead Summary [1] i.e.
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.
We are also supportive on Proposal 2.7.1-3, with the preference on supporting both Alt-1 single wide sensing beam and Alt-3 independent sensing beam with additional requirement on Cat-2 LBT before beam switching. We think depending on the gap, additional LBT before each beam switching point inside the COT might be needed. For example, gNB has acquired the COT at time instant t1 after performing either a wide beam sensing or a set of independent narrow beam sensing, and starts the transmission over one of the acquired beam direction, say beam#1, at t1. Then at t2, gNB switches the transmit direction to beam#2. If no LBT is performed before beam switching at t2, the collision could happen because from t1 to t2 other competing device could sense the direction of beam#2 as idle and started to transmit already. On the other hand, if the gap between t1 and t2 is small enough, not performing LBT would be acceptable since the chance of losing the channel is really slim. Therefore, whether or not to perform LBT before each beam switching would depend on the gap of no transmission of the given beam direction. If the gap is larger than a threshold, Cat 2 LBT can be performed to reduce the possibility of collision. Since we have already agreed to introduce Cat 2 LBT in the previous meeting (for COT sharing) , we suggest to extend the use case of Cat 2 LBT to cover the beam switching within a COT with TDM of beams.      
Proposal 3: Agree on Proposal 2.7.1-3 in Feature Lead Summary [1], and further select Alt 3 by recognizing that it is a valid use case for Cat-2 LBT i.e.
Within a COT with TDM of beams with beam switching, at least support Alt 1
• Alt 3 is additionally supported
For Proposal 2.7.1-4, we think it is a reasonable choice if a node has capability to do so. Therefore, we support the proposal. Again, we do not need to wait for the completion of the design of directional sensing.
Proposal 4: Agree on Proposal 2.7.1-4 in Feature Lead Summary [1] i.e.    
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.

Regarding the following discussion point that was captured in [2] as 2.7.1-5, 

	Discussion point 2.7.1-5
For a gNB/UE to initiate a COT with SDM or TDM multiple beams with separate LBT per beam and the gNB/UE does not have the capability to simultaneously sense in different beams, the following alternatives have been identified:
· 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




companies have shown diverged views in the RAN1#105e but there was no discussion in the previous meeting (RAN1#106e).. We think the first step is to align the understandings of these 3 alternatives. From our perspective, one major difference is that A-3 performs one single eCCA check procedure in which all intended beams are sensed in every observation slot (but sequentially), while there are multiple eCCA check procedures with independent back-off counter for each beam for A-1 and A-2.       
Since there is only one eCCA check procedure for A-3, transmitter needs to maintain only one back-off counter. The observation slot is regarded as occupied if ED of at least one beam is higher than the threshold. 
By contrast, for Alt A-1 and Alt A-2, transmitter carries out multiple eCCA check procedures with independent back-off counter for each beam. Furthermore, each eCCA check procedure is performed in a sequential manner. The difference between these two alternatives is that, once the eCCA check procedure for one given beam is completed, for A-1 the transmitter enters self-deferral and does not transmit data until eCCA procedure for all other beams are completed, but for A-2, the transmitter starts to transmit data on the cleared beam.     
Compared to A-3 and A-2, A-1 would introduce larger latency because the total duration for eCCA check is the sum of durations of eCCA check for all beams. Nevertheless, it has the merit of not requiring simultaneously sensing of different beams without negative impact on fair coexistence. Therefore, A-1 should not be forbidden by specification.
On A-2, since the transmission can already start on a given beam as long as it is cleared by the eCCA check procedure, it means basically the COT has already be started (on the given beam). Then the question will arise that, if another beam passes the eCCA check afterwards and starts to transmit, can it still be regarded as the same COT or a different COT? In our perspective, this should be a different COT. We support the view that before a COT starts, all intended beams within the COT should be checked by LBT. This facilitates the transmission of some control signalling such as DCI 2_0  at the beginning of the COT to inform the set of intended (narrow) beam directions to a group of UEs. Based on such information, UE knows whether it can skip the whole COT for the UE power saving. Therefore, A-2 should not be used to initiate one single COT containing multiple SDM or TDM beams.  
A-3 is similar to what proposed in Proposals 2.7.1-2 and 2.7.1-4 but it does not require multiple beam sensing at the same time. Therefore, it could be another implementation choice to achieve the similar performance in terms of the latency.
Proposal 5: Support A-1 and A-3 in the discussion point 2.7.1-5 in Feature Lead Summary [2] of RAN1#105e. It means to support following.
For a gNB/UE to initiate a COT with SDM or TDM multiple beams with separate LBT per beam and the gNB/UE does not have the capability to simultaneously sense in different beams, the following alternatives are supported:
•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-3: The node performs eCCA of the different beams simultaneous, round robin between different beams

Conclusion
In this paper, we have discussed the LBT requirements for multi-beam operation in a COT. The proposals are the follows.
Proposal 1: Agree on Proposal 2.7.1-1 in Feature Lead Summary [1] i.e.
    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: Agree on Proposal 2.7.1-2 in Feature Lead Summary [1] i.e.
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 3: Agree on Proposal 2.7.1-3 in Feature Lead Summary [1], and further select Alt 3 by recognizing that it is a valid use case for Cat-2 LBT i.e.
Within a COT with TDM of beams with beam switching, at least support Alt 1
• Alt 3 is additionally supported
Proposal 4: Agree on Proposal 2.7.1-4 in Feature Lead Summary [1] i.e.    
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.
Proposal 5: Support A-1 and A-3 in the discussion point 2.7.1-5 in Feature Lead Summary [2] of RAN1#105e. It means to support following.
For a gNB/UE to initiate a COT with SDM or TDM multiple beams with separate LBT per beam and the gNB/UE does not have the capability to simultaneously sense in different beams, the following alternatives are supported:
•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-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
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