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Introduction
In the previous RAN1 meeting, it have been identified the benefits of supporting both spatial domain multiplexing of different beams (MU-MIMO) and the time domain multiplexing of different beams in the same COT . The related agreements are as follows.
	Agreement:
When LBT mode is used, spatial domain multiplexing of different beams is supported. The LBT requirement (if any) for spatial domain multiplexing of multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded.
· Leave the LBT behaviour for implementation
· One LBT beam covers all transmission beams
· Multiple LBT beams cover multiple transmission beams

Agreement:
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded
· No additional LBT requirement defined and leave the LBT behaviour for implementation
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.



   
In this document, we discuss the LBT requirements for multi-beam transmissions in the same COT.
Discussion
We first discuss the case of TDMed beams and then the case of both TDMed and SDMed beams in a COT.

TDMed beams 
As an example, the following figure shows one possible COT structure:


Fig.1  TDMed transmission in different beams in a COT

In the above example, t1 to t8 are the time instants of either beam switching or DL/UL direction switching where potential LBT requirements are discussed as follows. 
At the beginning of COT (i.e. t1), and each points when gNB switches its TX beams (i.e. t2, t3)
Although both LBT mode and no-LBT mode are agreed to be specified for NR operation above 52GHz, if the initiating device transmits a transmission without performing LBT, then there should be no COT sharing, otherwise it could cause fairness issue. Therefore, for the operation like Fig.1 where DL/UL sharing is involved, LBT should be performed before t1. 
One reasonable option is to perform directional LBT at the beginning of COT with a (wider) sensing beam or multiple (narrower) sensing beams that covers all intended TDMed beams. If one sensing beam is used, the coverage may decrease compared to the narrower transmit beams within the sensing beam. As a result, PSD on narrower transmit beams may need to be reduced in order to have similar coverage between the wider sensing beam and the narrower transmit beams.  
Alternative option could be to perform directional LBT at the beginning of COT to cover only the first transmit beam (e.g. in Fig.1., Beam #1). However, we are not in favor of this option. The reason is that, if gNB only senses the first transmit beam, gNB cannot claim COT for the unsensed beam directions. By contrast, if all intended TDMed directions are sensed at the beginning of COT, gNB can identify the valid directions and include such information in the DCI 2_0 at the beginning of COT. Based on such information, UE knows whether it can skip the whole COT for the UE power saving.
In additional to the sensing beam(s) at the beginning of COT, the additional directional LBT at each switching point is necessary in order to account for the gap of no transmission for a given direction. For example, in Fig.1 the beam#3 direction is not used until time instance t3. Then during the gap from t1 to t3, some other system might grab the channel already.  
Proposal 1: gNB performs directional LBT at the beginning of COT with a sensing beam or multiple sensing beams that covers all intended beams and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.

DL/UL switching within COT (i.e. t4, t7, t8)
In Rel-16 NR-U, for DL/UL switching points within a COT, additional LBT might or might not be needed, depending on the gap. If gap is less or equal to 16us, direct transmission without channel sensing can be used. Otherwise, a Cat-2 LBT with 25us must be used before the transmission. 
The similar principle can be followed for the operation above 52GHz, although it can be FFS whether reusing 16us/25us gap definition. However, since directional transmission is extensively used for operation above 52GHz, the gap should be counted for each beam direction. For example, in Fig.1, at t4, although UL is followed immediately after DL symbol, from beam#1 direction perspective, the gap is more than 25us. Therefore, additional LBT should be performed by UE1 to sense the status of beam#1 before transmitting UL PUCCH. It is FFS how to perform such LBT (e.g. CCA duration and ED threshold, etc). Similarly, at t7, LBT is required. At t8, LBT might or might not be needed depending on the gap.
Proposal 2: Within gNB initiated COT, if gap between DL transmission and scheduled UL transmission along a given beam direction is larger than a predefined duration, UE should perform LBT before UL transmission; otherwise, no LBT is needed.

gNB Rx beam switching points (i.e. t5, t6) 
At those time instants, UE UL transmission beams are switched. The situation is similar to “DL/UL switching within COT” discussed above, because from each UE perspective, it sees only DL/UL switching without the awareness of other UE’s transmission. Therefore, the same rule as to handle DL/UL switching in above can be applied. 

TDMed and SDMed beams 
If hybrid beamforming is used, the following could be one example of COT structure:



Fig.2  TDMed and SDMed transmission in different beams in a COT

In Fig.2, Beam#1 and Beam#2 are transmitted over the same F-T resources (MU-MIMO).
Proposals 1 and 2 discussed in the above can be directly applied. There is no difference in terms of LBT requirement for these two cases. 




Conclusion
In this paper, we have discussed the LBT requirements for multi-beam operation in a COT. The proposals are the follows.
Proposal 1: gNB performs directional LBT at the beginning of COT with a sensing beam or multiple sensing beams that covers all intended beams and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.
Proposal 2: Within gNB initiated COT, if gap between DL transmission and scheduled UL transmission along a given beam direction is larger than a predefined duration, UE should perform LBT before UL transmission; otherwise, no LBT is needed.
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