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1 Introduction

RAN1 had the following agreements regarding LBT:
	RAN1 #107

Agreement

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, if the node can perform simultaneous sensing in different beams 

Note: On UE side, no UE capability will be introduced for this purpose. 
Agreement

Within a COT with TDM of beams with beam switching, at least support Alt 1
· Alt 1 (from previous agreement): Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT 

Agreement

Within a COT with TDM of beams with beam switching, Alt 2 is supported if the node has the capability to perform simultaneous sensing in different beams. Alt 3 is allowed as node implementation choice if the node also supports Cat 2 LBT. The use of Alt 2 or Alt 3 is based on node’s implementation.
· Alt 2 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

· Alt 3 from previous agreement: 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

#106bis
Agreement:
· When UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, support the following behaviors

· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing

· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing

· FFS: The case when UE does not indicate a capability for beam correspondence

· Note: The UE should meet local regulatory requirements




In this contribution, we will address the per beam LBT impact to MAC.
2 Discussion
In Rel-16, MAC support consistent LBT failure detection. Consistent LBT failure is detected per UL BWP by counting LBT failure indications, for all UL transmissions, from the lower layers to the MAC entity. LBT failure indication from lower layer is omni-directional.
According to the latest RAN1 agreement, RAN1 has agreed to support per beam LBT, UE can either perform single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT, or perform independent per-beam LBT sensing at the start of COT for beams used in the COT if UE has the capability to perform simultaneous sensing in different beams. UE sensing beam will change as Tx beam changes. UE with the capability of beam correspondence can use the same beam for sensing as for transmission. The following is an example of UE beam sensing in the case of TDM of beams with beam switching within a COT:
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Given LBT is performed per beam, LBT failure indication from PHY would probably be per beam too. However, this requires RAN1 confirmation.

Proposal 1 Send LS to RAN1 to ask whether LBT failure indication is per beam or not.
Assume that RAN1 will indicate LBT failure per beam. Since consistent LBT failure is built on LBT failure indication, the issue is whether consistent LBT failure needs to adapt to the granularity change of LBT failure indication. In Rel-16, consistent LBT failure is detected per UL BWP, if consistent LBT failure is detected on the active BWP, UE will switch to another UL BWP to perform RACH procedure. If consistent LBT failure triggered on all the UL BWPs configured with PRACH resources, UE indicates consistent LBT failure to upper layers, and upper layer will trigger MCG/SCG RLF.

Currently, LBT_COUNTER is counted per BWP, not per beam. If multiple Tx beams are used in parallel, LBT failure indications from different beams will be counted together. Consistent LBT failure may be triggered even without any of the beams whose LBT failure reaches the maximum value. In fact, there may be no consistent LBT issues on any beam. To solve the issue, LBT_COUNTER and lbt-FailureDetectionTimer can be run per beam. However, there is no need to configure lbt-FailureInstanceMaxCount and lbt-FailureDetectionTimer per beam.
Proposal 2 LBT_COUNTER and lbt-FailureDetectionTimer is run per beam. The configuration of lbt-FailureInstanceMaxCount and lbt-FailureDetectionTimer is common for all beams.
If it is agreeable that the granularity of consistent LBT failure is per beam, the issue is how to declare consistent LBT failure on the BWP, there are two possible solutions: 
Option 1: consistent LBT failure on the BWP is triggered if consistent LBT failure is triggered on all the beams in a beam set. 
Option 2: random access procedure is triggered when consistent LBT failure is triggered on a beam or all the beams in a beam set. If consistent LBT failure is triggered again during the random access procedure, consistent LBT failure on the BWP is triggered.
The benefit of option 2 over option 1 is that the indicated Tx beams by network may not be correct. In this case, UE can choose the correct Tx beam that has no LBT failure issue by random access procedure. Thus, we propose that:
Proposal 3 When consistent LBT failure on a beam or all the beams in a beam set is triggered, UE initiates random access procedure. And if consistent LBT failure is triggered during the random access procedure, UE triggers consistent LBT failure on the BWP.
Another issue is related to how to decide the beam set. The are two possible solutions:

Option 1: the beam set for consistent LBT failure is the sensing beams corresponding to the activated Tx beam set. 

Option 2: Network dedicatedly configure the Tx beam set used for deciding sensing beams for consistent LBT failure.
The issue of option 1 is that network may activate many Tx beams but does not use them all for a while. Then if all the used Tx beams have consistent LBT failure issue, and the other activated but not used ones do not, UE has problem for uplink transmission and no action can be triggered. Thus, we propose that:
Proposal 4 Network dedicatedly configure the Tx beam set used for deciding sensing beams for consistent LBT failure.
3 Conclusion

Proposal 1 Send LS to RAN1 to ask whether LBT failure indication is per beam or not.
Proposal 2 LBT_COUNTER and lbt-FailureDetectionTimer is run per beam. The configuration of lbt-FailureInstanceMaxCount and lbt-FailureDetectionTimer is common for all beams.
Proposal 3 When consistent LBT failure on a beam or all the beams in a beam set is triggered, UE initiates random access procedure. And if consistent LBT failure is triggered during the random access procedure, UE triggers consistent LBT failure on the BWP.

Proposal 4 Network dedicatedly configure the Tx beam set used for deciding sensing beams for consistent LBT failure.
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