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RAN2 has postponed discussion on LBT impact by extending NR operation to 71GHz because this is tightly coupled with RAN1 conclusions but they had not made the clear agreement for this issue till the last RAN2 meeting. As RAN1 work for Rel-17 was finished on the last November, RAN2 can start to analyse potential LBT impacts. This contribution discusses this issue based on the RAN1 agreements related to LBT.
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	Agreements in RAN1#107-e:
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



As per the RAN1 agreements above, per-beam LBT, a.k.a. directional LBT, is supported for extending NR operation to 71GHz in Rel-17. 
Observation 1. RAN1 introduced per-beam LBT in Rel-17.

In the current MAC specification, the consistent LBT failure is detected per UL BWP by counting LBT failure indications for all UL transmissions per serving cell. Thus, RAN2 need to check whether the current LBT failure detection and recovery procedure is sufficient for supporting per-beam LBT.
Observation 2. The consistent LBT failure is detected per UL BWP and the counter for LBT failure indication is maintained per Serving Cell in Rel-16 MAC.
The current LBT mechanism is designed based on omni-directional LBT and the UE can transmit UL data only when no LBT failure is detected on the active BWP. In other word, if the LBT failure is detected any units of 20MHz on active UL BWP during omni-directional LBT, the physical layer cannot transmit the data on this UL BWP and delivers a LBT failure indication to the MAC layer.
Observation 3. In the current LBT mechanism, if the LBT failure is detected any units of 20MHz on active UL BWP during omni-directional LBT, the physical layer cannot transmit the data on this UL BWP and delivers a LBT failure indication to the MAC layer.

If per-beam LBT is applied, the UE behaviour may be different. For example, when the two beams are used for uplink transmission on the active BWP, LBT for one beam can succeed while LBT for another beam is failed. In this situation, as per the RAN1 agreements, the physical layer can transmit data using the beam where LBT succeeds on this active BWP, even though the active BWP has the LBT failed beam. 
Observation 4. If per-beam LBT is performed, even though the active BWP has LBT failed beam, the physical layer can transmit data using another beam where LBT succeeds on the active BWP unlike Rel-16 LBT mechanism.

With the observation 4, the unclear point is that what is the physical layer’s behaviour about the LBT failure indication? One possible behaviour is that the physical layer delivers the LBT failure indication to the MAC entity because LBT failure is detected on the active BWP. Another possible behaviour is that the physical layer does not deliver the LBT failure indication to the MAC entity because the physical layer can perform uplink transmission using the beam where LBT succeeds on the active BWP. 
Observation 5. When per-beam LBT is performed, if LBT for one beam succeeds but LBT for another beam fails on active BWP, the physical layer’s behaviour should be clarified by RAN1.
· Behaviour 1: the physical layer does not deliver the LBT failure indication to the MAC entity because the physical layer can perform uplink transmission using the beam where LBT succeeds on the active BWP.
· Behaviour 2: the physical layer delivers the LBT failure indication to the MAC entity because LBT failure is detected on the active BWP;
Behaviour 1 and 2 would have impact on the consistent LBT failure detection and its recovery.
With behaviour 1, the MAC entity considers the data transmission is successfully performed when at least one beam on the active BWP is LBT-successful. As MAC entity does not increment the LBT_COUNTER when at least one beam is LBT-successful, the MAC will not declare a consistent LBT failure even when LBT failure occurs on multiple beams alternately but consecutively. The consistent LBT failure will be declared only when LBT for all beams on the active BWP is failed concurrently. This may not be desirable because the LBT failure recovery procedure will be triggered only when all beams are not available.
With behaviour 2, the MAC entity increments LBT_COUNTER whenever at least one beam is LBT-failed. Thus, MAC entity may declare a consistent LBT failure even if the physical layer can transmit data using the LBT-successful beam on the active BWP. This may not be aligned with the intention of per-beam LBT and LBT failure recovery procedure may be unnecessarily triggered.
Both behaviours has an impact to LBT failure detection and recovery procedure from RAN2 point of view. Although LBT failure detection and recovery procedure is specified in MAC, the operation relies on the LBT failure indication, which is designed by RAN1. To avoid duplicate work in RAN1 and RAN2, it would be good to ask to RAN1 whether per-beam LBT assumes per-beam LBT failure indication or per-cell LBT failure indication as in the legacy.
Observation 6. It is unclear whether the LBT failure indication is per beam or per cell, which would have impact on the consistent LBT failure declaration.
Proposal 1. RAN2 send LS to RAN1 to ask whether LBT failure indication is per beam or per cell, and if there is any specific condition considered in RAN1 to declare the consistent LBT failure.
Proposal 2. RAN2 approve the draft LS to RAN1 in the Annex.
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Based on the above discussions, we present the following observations and proposals:
Observation 1. RAN1 introduced per-beam LBT in Rel-17.
Observation 2. The consistent LBT failure is detected per UL BWP and the counter for LBT failure indication is maintained per Serving Cell in Rel-16 MAC.
Observation 3. In the current LBT mechanism, if the LBT failure is detected any units of 20MHz on active UL BWP during omni-directional LBT, the physical layer cannot transmit the data on this UL BWP and delivers a LBT failure indication to the MAC layer.
Observation 4. If per-beam LBT is performed, even though the active BWP has LBT failed beam, the physical layer can transmit data using another beam where LBT succeeds on the active BWP unlike Rel-16 LBT mechanism.
Observation 5. When per-beam LBT is performed, if LBT for one beam succeeds but LBT for another beam fails on active BWP, the physical layer’s behaviour should be clarified by RAN1.
· Behaviour 1: the physical layer does not deliver the LBT failure indication to the MAC entity because the physical layer can perform uplink transmission using the beam where LBT succeeds on the active BWP.
· Behaviour 2: the physical layer delivers the LBT failure indication to the MAC entity because LBT failure is detected on the active BWP;
Observation 6. It is unclear whether the LBT failure indication is per beam or per cell, which would have impact on the consistent LBT failure declaration.

Proposal 1. RAN2 send LS to RAN1 to ask whether LBT failure indication is per beam or per cell, and if there is any specific condition considered in RAN1 to declare the consistent LBT failure.
Proposal 2. RAN2 approve the draft LS to RAN1 in the Annex.
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1. Overall Description:
RAN2 has discussed RAN2 impact by per-beam LBT based on the RAN1 agreements. 
In the RAN2 specification, consistent LBT failure is detected per UL BWP and the counter for LBT failure indication is maintained per Serving Cell. Based on this, RAN2 is unclear whether the LBT failure indication is per beam or per cell, which would have impact on the consistent LBT failure declaration in the MAC.

More specifically, when per-beam LBT is performed, if LBT for one beam succeeds but LBT for another beam fails on active BWP, RAN2 think that one of following behaviours is possible, but this should be clarified by RAN1.
· Behaviour 1: the physical layer does not deliver the LBT failure indication to the MAC entity because the physical layer can perform uplink transmission using the beam where LBT succeeds on the active BWP.
· Behaviour 2: the physical layer delivers the LBT failure indication to the MAC entity because LBT failure is detected on the active BWP;
RAN2 also identified that both behaviours has an impact to LBT failure detection and recovery procedure from RAN2 point of view. Although LBT failure detection and recovery procedure is specified in MAC, the operation relies on the LBT failure indication, which is designed by RAN1. To avoid duplicate work in RAN1 and RAN2, RAN2 kindly ask to RAN1 whether per-beam LBT assumes per-beam LBT failure indication or per-cell LBT failure indication as in the legacy.
RAN2 also kindly requests RAN1 if there is any specific condition considered in RAN1 to declare the consistent LBT failure. 

2. Actions:
To: RAN1
ACTION:   RAN2 respectfully request RAN1 to take into account above RAN2 discussion on per-beam LBT and provide a feedback on which of the above behaviour is correct and RAN2 requests.

3. Date of Next RAN2 Meetings:
RAN2#117-e	21 February- 3 March 2022	Online
RAN2#118-e	16 May– 27 May 2022	Online


