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Introduction
In RAN1, some agreements were reached regarding LBT for operation in shared spectrum in FR2-2, such as supporting two LBT modes and directional LBT. In this contribution, we will discuss the LBT impact on MAC layer according to RAN1’s agreements and provide our views.
[bookmark: _Ref525834269][bookmark: _Toc16701630][bookmark: _Toc19791224][bookmark: _Toc20486583]Discussion
LBT mode
In RAN1 #105[1], two LBT modes have been supported and the corresponding agreement was as below. 
	Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode
· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication


According to the agreement, LBT mode, i.e. LBT mode and no-LBT mode, may be configured by SIB or RRC message, which means that LBT mode may be switched by gNB indication. In the following, we will discuss LBT mode switching impact.
In Rel-16 NR-U, cg-RetransmissionTimer is introduced due to LBT impact on configured grant transmission. And this parameter is always configured for operation with shared spectrum channel access. However, for operation in shared spectrum in FR2-2, LBT mode is introduced. When LBT mode switches to no LBT mode, since LBT do not need to be performed, autonomous retransmisison is not needed. In addition, for LBT mode, the probability of inference decreases due to the usage of narrow beams, then the probability of LBT failure decreases accordingly. Hence autonomous retransmisison is not must. Given these in mind, we think cg-RetransmissionTimer should be optional for operation in the shared spectrum in FR2-2.
Proposal 1: For operation in the shared spectrum in FR2-2, cg-RetransmissionTimer should be optionally configured. 
For LBT operation, if LBT failure detection/recovery is configured, when LBT mode is changed from LBT to no-LBT, LBT_COUNTER should be cleared and lbt-FailureDetectionTimer is stopped if running. In addition, since no-LBT mode is indicated, it means that the channel is not busy. Hence, if there is a triggered consistent LBT failure in this serving, it may be canceled. For SCell, if there is ongoing Random Access procedure due to a pending SR for consistent LBT failure recovery, which has no valid PUCCH resources configured, the MAC entity should stop it. For SpCell, if there is ongoing Random Access procedure in the BWP configured with PRACH occasions, the MAC entity should also stop it. 
Proposal 2: For LBT operation, when LBT mode is changed from LBT to no-LBT, LBT_COUNTER is set 0 and lbt-FailureDetectionTimer is stopped, if running. All triggered consistent LBT failure(s) are canceled. If there is ongoing Random Access procedure which is related to consistent LBT failure, it should be stopped.
Directional LBT
In RAN1 #107[2], for a COT with SDM transmission and TDM transmission with beam switching, the following agreements were reached: 
	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


In RAN1, per-beam LBT has been supported. For a COT with SDM transmission, two different sensing schemes are supported, i.e. single LBT sensing with wide beam ‘cover’ all beams to be used in the COT, independent per-beam LBT simultaneous sensing for all beams to be used in the COT. For a COT with TDM transmission, three different sensing schemes are supported, such as single LBT sensing with wide beam ‘cover’ all beams to be used in the COT, independent per-beam LBT simultaneous sensing for beams to be used in the COT and independent per-beam LBT simultaneous sensing for beams to be used in the COT with additional requirement on Cat2 LBT. 
If LBT sensing with wide beam which covers all beams is used, once LBT fails, UL transmission cannot be performed. In this case, Rel-16 LBT failure detection/recovery may be reused and there is no enhancement. If independent per-beam LBT simultaneous sensing for all beams is used, LBT status of each beam will be different. For this case, the question regarding whether LBT failure per beam is counted or LBT failure is counted as one event should be considered. Also, the corresponding question regarding how to indicate LBT failure in the physical layer needs to be considered, for example, all LBT failures per beam are aggregated and one value is indicated or LBT failure per beam is indicated. If the latter is adopted, LBT failure per beam should be counted, which has some impacts on LBT operation. Otherwise, Rel-16 LBT failure detection/recovery is reused.
Proposal 3: When LBT sensing per beam is performed, whether LBT failure per sensing beam is counted or not needs to be considered.

Conclusion
[bookmark: _Hlk528066018]Based on the discussion in section 2 we propose the following:
Proposal 1: For operation in the shared spectrum in FR2-2, cg-RetransmissionTimer should be optionally configured. 
Proposal 2: For LBT operation, when LBT mode is changed from LBT to no-LBT, LBT_COUNTER is set 0 and lbt-FailureDetectionTimer is stopped, if running. All triggered consistent LBT failure(s) are canceled. If there is ongoing Random Access procedure which is related to consistent LBT failure, it should be stopped.
Proposal 3: When LBT sensing per beam is performed, whether LBT failure per sensing beam is counted or not needs to be considered.
References
1. Draft_Minutes_report_RAN1#105-e_v020
1. Draft_Minutes_report_RAN1#107-e_v010



	4/4	
