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1 Introduction

RAN1 made the following agreements on directional LBT, i.e, per-beam LBT:

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. 
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 this contribution, we give our views on the potential MAC impacts due to the per-beam LBT.
2 Discussion

In R16 NR-U, the uplink consistent LBT failure detection and recovery mechanism was introduced, which is to deal with the issue in the case when UE has consistent uplink LBT failures. Basically, when the physical layer detects the LBT failure, it indicates to MAC layer. There is an LBT failure detection counter maintained in the MAC layer for all the LBT failure indications received from the physical layer. If the counter reaches to the configured threshold, the so-called consistent LBT failure is triggered, which leads to LBT failure report either by MAC CE or by RRC layer depending on which types of cell the consistent LBT failure is triggered. Meanwhile,a detection timer is also configured which is used to reset the LBT failure detection counter, if there is no LBT failure indicated from the physical layer during the configured timer.

During the discussion in R16 NR-U consistent LBT failure detection and recovery, the LBT failure is counted per UL transmission. If the per-beam LBT is introduced, it’s not clear whether the LBT failure should be counted per beam or per UL transmission. Meanwhile, the LBT failure detection and recoevery was firstly introduced in RAN2, thus it would be good to trigger an LS to RAN1 to introduce the background and ask RAN1 any issues for this scheme considering the per-beam LBT.

Proposal 1 Send an LS to RAN1 to check the progress of per-beam LBT and ask if there is any issue for the consistent LBT failure and recovery mechanism.

When it comes to per-beam LBT, some principles should be still followed:

Firstly, in out understanding, MAC declares the consistent LBT failure per UL BWP in the case when all the uplink transmissions get stalled due to LBT failures in a given time. In other words, the LBT failures are taken into account in a BWP level.

Secondly, MAC actually is not aware of the type of LBT failure, or even the types of the uplink transmission which leads to the LBT failure indication. It’s our understanding that it’s up to physical layer to indicate the LBT failures, and MAC takes into account any LBT failures for a given UL BWP into account. 

Thirdly, the physical layer does not indicate the “LBT success indication” to MAC, in stead, the expiry of the configured timer leads to reset of the counter somehow means the uplink transmission is recovered for a given UL BWP, i.e., no consistent LBT failure detected.

Fourthly, it’s under network control on how the consistent LBT failure is triggered by properly configured the counter threshold and the detection timer. If network wants more senstive reaction, propably lower threshold and longer value of the detection timer can be configured, and vice versa.
All in all, the mechinasm of consistent LBT failure detection and recovery is mainly for the case when uplink get stalled, depends on the configuration of the counter threshold and the failure detection timer, the network can actully decides how “sensitive” the UE triggeres the consistent LBT failures. When it comes to per-beam LBT, it’s still under network control on how the consisten LBT failure is triggered, thus all those priciples for designing the R16 NR-U consistent LBT failure deteciton and recoevry can be applied. Furthermore, it’s our understanding that the current framework of consistent LBT failure and reconvery can still be reused as the baseline when it comes to per-beam LBT, unless critical issues are identified.
Proposal 2 The current framework of consistent failure detection and recovery can still be reused when it comes to per-beam LBT, unless critical issues are identified.
3 Conclusion

Based on the discussion above, we made the following observations:

Proposal 1
Send an LS to RAN1 to check the progress of per-beam LBT and ask if there is any issue for the consistent LBT failure and recovery mechanism.
Proposal 2
The current framework of consistent failure detection and recovery can still be reused when it comes to per-beam LBT, unless critical issues are identified.
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