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In this document, we discuss potential MAC impacts by RAN1 agreements related to LBT for extending NR operation to 71GHz.
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	Agreement in RAN1#104bis-e:
For a COT with MU-MIMO (SDM) transmission,
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· 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
Within a COT with TDM of beams with beam switching,
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· 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 in RAN1#105-e:
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



Even though clear RAN1 agreements has not yet been made to introduce per beam LBT, we can expect that per beam LBT would be introduced in Rel-17 for supporting up to 71GHz because all candidate options already assumes per beam LBT. 
Observation 1. As all options in RAN1 discussion assume per beam LBT, RAN2 can expect per beam LBT would be introduced in Rel-17. 

With observation 1, the question is whether per beam LBT failure detection and recovery procedure is needed or the current LBT failure detection and recovery procedure is sufficient to cover per beam LBT. In the current MAC specification, the consistent LBT failure is detected per UL BWP by counting LBT failure indications for all UL transmissions. In other words, in Rel-16 NR-U, omni-directional LBT is performed in units of 20 MHz and the UE can transmit UL data only when no LBT failure is detected from omni-directional LBT. If LBT is failed, the physical layer delivers a LBT failure indication to the MAC layer. 
Observation 2. The current LBT failure detection and recovery procedure is designed based on omni-directional LBT.
On the other hand, when one BWP uses multiple beams for UL transmissions and per beam LBT is applied, LBT outcome will be given per beam. In this condition, when one of multiple beams on a BWP fails LBT, the question is whether a UE can transmit UL data only using beams which succeeds LBT and the LBT failure indication for the LBT failed beam is indicated to the MAC layer or a UE cannot transmit UL data and considers all LBTs fail. We think that this is important and should be answered by RAN1 to determine exact MAC impact by per beam LBT. This is because if the UE cannot transmit UL data only using beams which succeeds LBT, this would be similar to per BWP LBT failure and the current LBT failure detection and recovery procedure would be sufficient, but if not, the LBT failure detection and recovery procedure may be updated, e.g., LBT failure indication may include LBT failed beam ID and new format for LBT failure MAC CE may be needed.
Observation 3. To determine RAN2 impact by per beam LBT, more detailed RAN1 behaviour should be determined first.
Proposal 1. To identify clear RAN2 impacts by per beam LBT, RAN2 wait for RAN1 progress on per beam LBT or send LS to RAN1 to ask clear UE behaviour when one of multiple beams fails LBT. 

Even if both cell specific and UE-specific gNB indication for LBT mode is introduced, we think that no impact on MAC specification is expected, but it may need to update system information or dedicated RRC signalling. This kind of ASN.1 or RRC impact can be discussed later stage of this work item.
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Based on the above discussions, we present the following observations and proposals:
Observation 1. As all options in RAN1 discussion assume per beam LBT, RAN2 can expect per beam LBT would be introduced in Rel-17. 
Observation 2. The current LBT failure detection and recovery procedure is designed based on omni-directional LBT.
Observation 3. To determine RAN2 impact by per beam LBT, more detailed RAN1 behaviour should be determined first.
Proposal 1. To identify clear RAN2 impacts by per beam LBT, RAN2 wait for RAN1 progress on per beam LBT or send LS to RAN1 to ask clear UE behaviour when one of multiple beams fails LBT. 


