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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 behaviour to initiate such COT has been left FFS.
In RAN#104-e, at least two alternative LBT approaches have been discussed at the start of COT containing multi-beam: a single LBT sensing with wide beam “cover” all beams to be used in the COT; or independent per beam LBT sensing. 
In RAN1#104bis-e, in order to do down-selection, Feature Lead suggested to first clarify how the independent per beam LBT could be performed. The following agreements are the outcome from the discussion. 
	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 investigate the LBT operations for SDM and TDM of beam transmissions, and provide our views on the above alternatives
Discussion
SDM of beams 
Among all the alternatives of per-beam LBT listed in section 1, Alt B and Alt A-3 are similar in the sense that gNB only performs one single eCCA check procedure in which all intended beams are sensed in every observation slot. The difference is that the per-beam sensing is performed in parallel in Alt B, but in TDM manner for Alt A-3. Both schemes are illustrated in the following Figure 1.


Figure 1. Example of Alt-A 3 and Alt B
Since there is only one eCCA check procedure, gNB 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, gNB 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 gNB enters self-deferral and does not transmit data until eCCA procedure for all other beams are completed, but for A-2, gNB starts to transmit data on the cleared beam.     
In case of SDM of different beams within a COT, the transmit node should has the capability to simultaneously sense in different beams. Therefore, Alt B of per beam LBT is a natural choice. On the other hand, A-3 could be another implementation choice to achieve the similar performance in terms of the latency. 
Compared to Alt B and A-3, 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. 
Proposal 1: Support Alt A-1, A-3 and B for a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for all beams used in the COT.   
Back to the down-selection between a single wide beam (Alt 1 in previous agreement) or independent per-beam sensing (Alt 2 in previous agreement), in our view, both options should be supported. LBT operation of Alt 1 using a single wide beam is simpler than that of Alt 2 using multiple narrower beams. On the other hand, Alt 2 facilitates independent channel assessment on individual narrow beam direction. If ED for a given beam is higher than the threshold, the transmitter can drop the beam from the set of intended beams for the COT. This provides more channel access possibility comparing to relying on a single wide beam sensing.. Therefore, it is up to network to implement whether Alt 1 or Alt 2. 
Further, if Alt 1 is adopted, there could be difference in terms of the coverage between the wide sensing beam and the narrow transmit beams. To address this issue, PSD on narrow transmit beams may need to be reduced in order to respect the LBT results. 
Proposal 2: Support both Alt 1 (single wide beam LBT sensing) and Alt 2 (independent per-beam LBT sensing) at the start of COT with SDM of beams.

TDM of beams 
In Rel-15/16, TDM of beams have been used for SSB transmission. For above 52 GHz operation, it is expected TDM beam operation can also be used for transmitting group-common PDCCH which is specific to each beam direction. The group-common PDCCH carries dedicated control information for the respective groups of UEs located in each beam direction. With TDM of beams, the spatial interference among beams is avoided.  
Similar to the COT with SDM of beams discussed in previous section, a COT with TDM of beams can also be initiated with two LBT methods: a single wide beam or independent per-beam sensing. Therefore, Alt 1 and Alt 2 can both be supported at the beginning of the COT. 
Regarding the alternatives of per-beam LBT listed in section 1, for TDM of beams, it is more natural to use Alt A-1 since the node might not have the capability of simultaneously sensing of different directions. But the usage of Alt B and A-3 should be not forbidden. Therefore, we have similar proposal below to Proposal 1:
Proposal 3: Support Alt A-1, A-3 and B for a COT with TDM beam transmission, when independent per-beam LBT sensing at the start of COT is performed for all beams used in the COT. 
One follow-up question would be whether additional LBT before each beam switching point inside the COT is 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. The threshold can be FFS. 
Proposal 4: For a COT with TDM of beams, support both Alt-1 and Alt-2 in the previous agreement at the start of COT. Whether or not additional Cat 2 LBT is required before beam switching within the COT depends on the gap of no transmission of the next beam direction.    

Conclusion
In this paper, we have discussed the LBT requirements for multi-beam operation in a COT. The proposals are the follows.
Proposal 1: Support Alt A-1, A-3 and B for a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for all beams used in the COT.   
Proposal 2: Support both Alt 1 (single wide beam LBT sensing) and Alt 2 (independent per-beam LBT sensing) at the start of COT with SDM of beams.
Proposal 3: Support Alt A-1, A-3 and B for a COT with TDM beam transmission, when independent per-beam LBT sensing at the start of COT is performed for all beams used in the COT. 
Proposal 4: For a COT with TDM of beams, support both Alt-1 and Alt-2 in the previous agreement at the start of COT. Whether or not additional Cat 2 LBT is required before beam switching within the COT depends on the gap of no transmission of the next beam direction.    
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