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In this document, we discuss potential MAC impacts related to LBT for NR operating in high frequency bands beyond 52GHz, e.g. up to 71GHz.
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In the following some related RAN1 agreements are listed:
	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



The assumption for Rel-16 is basically that UE is performing only omni-directional LBT. However, for the NR operation in higher frequency bands up to 71GHz in Rel-17, we can expect that per beam LBT would be introduced by RAN1. This still needs to be officially agreed/confirmed though. 
Assuming that a per-beam LBT operation would be introduced, there are several issues which require some further discussion. One straightforward question is whether LBT failure is counted per beam or per UL transmission. In the latter case LBT failure is declared for an UL transmission in case LBT fails for all beams on which LBT was performed for the corresponding UL transmission. The assumption is here that UE performs LBT on a set of beams, e.g. the set of beams may be indicated/configured by the gNB for a corresponding UL transmission. The LBT may be performed in parallel for a configured set of beams or alternatively in a TDM fashion. LBT counter would be only increased for the case that LBT fails for all beams. 
In the first option LBT failures are indicated and counted separately per beam. One question would be here what the UE behaviour is when a predefined maximum number of LBT failure indications have been indicated by PHY for a beam, e.g. UE may for example deactivate the beam and inform this to gNB. 
Proposal 1: RAN2 needs to discuss based on RAN1 progress whether LBT failure is counted per beam or per UL transmission

Consistent LBT failure procedure
Another question is whether the current LBT failure detection and recovery procedure would be also suitable for a per-beam LBT operation. In Rel-16 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. RRC configures an LBT counter and a timer (i.e. lbt-FailureDetectionTimer). LBT counter is initialized to zero and incremented for every LBT failure indication from PHY. The timer is restarted every time the LBT counter is incremented. When the timer expires LBT counter is reset to 0. If the LBT counter reaches a preconfigured threshold (i.e. lbt-FailureInstanceMaxCount), consistent LBT failure is detected. 
In our understanding consistent LBT failure should be still declared/detected per UL BWP. Basically, consistent LBT failure is declared for an UL BWP if for all active beams a predefined maximum number of LBT failures has been exceeded/met. Only if none of the beams can be used for UL transmissions due to consecutive LBT failures, UE should declare consistent LBT failure for an UL BWP. As already mentioned above, UE may deactivate a beam in case a predefined maximum number of LBT failure indications has been indicated by PHY for a beam.
However, RAN2 should wait for further RAN1 progress on the per-beam LBT scheme in order to determine the impacts to MAC protocol operation. 
Proposal 2. RAN2 should wait for further RAN1 progress on the per-beam LBT scheme in order to identify clear impacts on the LBT failure detection and recovery procedure. 

LBT Mode switching 
According to RAN1 agreements for NR operation in unlicensed bands between 52.6 GHz and 71 GHz, switching between LBT and no-LBT based channel access mechanism is supported for regions where LBT is not mandated. gNB should indicate to the UE in which channel access mode to operate. The background for supporting a no-LBT mode is that shared spectrum operation with high directivity systems experiences low interference and good performance on the aggregate. Moreover, the gain of a LBT based channel access mechanism over the no-LBT scheme seems to be rather small.
When channel access mechanism is configured as no-LBT, it means for the MAC protocol operation that no LBT failure indications will be received from the lower layer. For the MAC procedures/timers which are impacted based on LBT outcome we don’t foresee any specific issue when no LBT failure indications are received. Therefore, we think that current specifications already support the no-LBT mode implicitly. 
Proposal 3: Current specification support the no-LBT mode operation, i.e. no-LBT mode has no impact on specification. 
The detailed MAC protocol behaviour when switching the LBT mode, e.g. from no-LBT to LBT and vice versa, needs to be further discussed in RAN2. For example, when switching from no-LBT to LBT mode, UE should in our understanding initialize the LBT_Counter to zero as it is initially set to zero at configuration. For the switching from LBT to no-LBT mode, actually the LBT_Counter can be kept unchanged, i.e doesn’t need to be explicitly set to zero, since the expiry of the lbt-FailureDetectionTimer (due to not receiving anymore LBT failure indications form PHY) makes sure that LBT_Counter is set to zero. In order to cancel already triggered consistent LBT failure(s) for a serving cell/beam when switching from LBT to no-LBT mode, MAC entity may consider the lbt-FailureRecoveryConfig as being unconfigured/reconfigured by upper layer. Furthermore RAN2 needs to discuss whether pending autonomous retransmissions are being continued after LBT mode switched to no-LBT etc.  
Proposal 4: RAN2 should discuss the detailed MAC protocol behaviour when switching the LTB mode, i.e. from no-LBT to LBT and vice versa. For example, details such as the handling of LBT_Counter, cancellation of triggered consistent LBT failure(s) and pending autonomous retransmissions needs to be further discussed.  
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Based on the above discussions, we present the following observations and proposals:
 
Proposal 1: RAN2 needs to discuss based on RAN1 progress whether LBT failure is counted per beam or per UL transmission
Proposal 2. RAN2 should wait for further RAN1 progress on the per-beam LBT scheme in order to identify clear impacts on the LBT failure detection and recovery procedure. 
Proposal 3: Current specification support the no-LBT mode operation, i.e. no-LBT mode has no impact on specification. 
Proposal 4: RAN2 should discuss the detailed MAC protocol behaviour when switching the LTB mode, i.e. from no-LBT to LBT and vice versa. For example, details such as the handling of LBT_Counter, cancellation of triggered consistent LBT failure(s) and pending autonomous retransmissions needs to be further discussed.

