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Introduction
In the previous meeting, the following two agreements have been made regarding channel access for multi-beam operation:
	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




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 
The first agreement in the previous section lists two alternatives: a single wide beam sensing or independent per-beam sensing, at the start of COT with SDM of beams. 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. In addition, a single wide beam LBT also facilitates the transmission of some control signalling such as DCI 2_0 using the wide beam 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. On the other hand, Alt 2 facilitates independent channel assessment on individual narrow beam direction. If only a subset of narrow beams are cleared from LBT, the transmission can still proceed over the identified subset of beams. Therefore, it is up to network whether to implement 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 1: 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 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. 
[bookmark: _GoBack]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 should be performed to reduce the possibility of collision. The threshold can be FFS. 
Proposal 2: 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 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 2: 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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