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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
According to the WID “Extending current NR operation to 71 GHz”, the directional LBT needs to be studied:
	· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.
· Note: RAN2 is to prioritize protocol support of RAN1 design and not on optimizations on items not discussed in RAN1.


The introduction of directional LBT will cause some impact on the consistent LBT failure detection mechanism designed for Rel-16 NR-U. We discuss the potential issue in the contribution. 
2. Discussion
Different from LTE LAA, NR allows configuring UE with PCell on the shared spectrum in Rel-16. In some extreme scenarios, e.g. on a crowded frequency of shared spectrum, UE may experience consistent LBT failure. In this situation, UE can not report the problem to the network due to no UL transmission opportunity available and can’t receive any reconfiguration from the network as a result. To handle the issue, consistent LBT failure detection and recovery mechanisms are defined in Rel-16. 
According to the current consistent LBT failure detection mechanism, a counter and timer (i.e. lbt-FailureDetectionTimer) are defined. The counter is set to 0 at the beginning and increased by one every time an LBT failure indication is received from PHY. The timer is restarted when the counter is increased. When the timer expires which means UE doesn’t experience LBT failure during the timer running, the counter is reset to 0. If the counter finally reaches a pre-configured threshold (i.e. lbt-FailureInstanceMaxCount), consistent LBT failure is detected. 
It should be noticed that in Rel-16, only omni-directional LBT is applied. UE performs LBT once before one transmission/COT, and of course, only one LBT failure indication to MAC can be expected if the LBT fails. 
Things are different in Rel-17, which supports directional LBT. In RAN1#104b-e, the per-beam LBT was discussed. A few alternatives have been identified for the per-beam LBT for MU-MIMO transmission and the transmission with TDM beams.
	Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· 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:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· [bookmark: OLE_LINK2]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


According to the above RAN1 agreements, per-beam LBT is performed several times in serial or parallel before one COT. Then at least the following questions need to be considered in RAN2:
· If all of the per-beam LBT before a COT fail, whether the LBT failures are counted as whole(i.e. one LBT failure indication) or separately(i.e. N LBT failure indications)?
· [bookmark: OLE_LINK3]If a UE performs omni-directional LBT and directional LBT serially, whether the LBT failure indication to MAC needs to indicate the type of the associated LBT.  
Proposal: RAN2 to consider the impact on consistent LBT failure detection caused by directional LBT, at least the following issues need to be discussed:
· If all of the per-beam LBT before a COT fail, whether the LBT failures are counted as a whole (i.e. one LBT failure indication) or separately (i.e. N LBT failure indications)?
· If a UE performs omni-directional LBT and directional LBT serially, whether the LBT failure indication to MAC needs to indicate the type of the associated LBT.
3. Conclusion
In this contribution, we discussed the potential impact on consistent LBT failure detection mechanism caused by directional LBT. The proposal is following:
Proposal: RAN2 to consider the impact on consistent LBT failure detection caused by directional LBT, at least the following issues need to be discussed:
· If all of the per-beam LBT before a COT fail, whether the LBT failures are counted as a whole (i.e. one LBT failure indication) or separately (i.e. N LBT failure indications)?
· If a UE performs omni-directional LBT and directional LBT serially, whether the LBT failure indication to MAC needs to indicate the type of the associated LBT.
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