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Introduction
[bookmark: _Hlk528065575]For operation in unlicensed spectrum, LBT-operation may be applied prior to any transmission.  Due to LBT failures in UL transmissions, a UE may not be able to perform an uplink transmission in time. For either of reasons, additional latency may be incurred for the UE to be able to detect an RLF in time. Therefore, we may need to take the impact of LBT failures into account and make necessary enhancements to the existing RLM/RLF procedure for NR-U. 
In RAN2#107bis, RAN2 has made below agreements regarding UL LBT failure handling.

Agreements:
1. MAC relies on reception of a notification of UL LBT failure from the physical layer to detect a consistent UL LBT failure.  
2. The UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure on PCell or PSCell if there is another BWP with configured RACH resources.    
3. The UE shall perform RLF recovery if the consistent UL LBT failure was detected on the PCell and UL LBT failure was detected on “N” possible BWP.   “ 
4. When consistent uplink LBT failures are detected on the PSCell, the UE informs MN via the SCG failure information procedure after detecting a consistent UL LBT failure on “N” BWPs.   
5. “N” is the number of configured BWPs with configured PRACH resources.   If N is larger than one it is up to the UE implementation which BWP the UE selects.  
6. When consistent uplink LBT failures are detected on an SCell, a new MAC CE to report this to the node where SCell belongs to is used.  FFS whether the MAC CE can be used to report failure on PCell

From above agreements, RAN2 has also agreed to maintain UL LBT failure handling per BWP. The detection and recovery procedure are also performed for SCells.  These agreements are related to recovery actions. RAN2 need to further define the details. 

In this paper we discuss the above remaining issues by incorporating the above RAN2 agreements. 
[bookmark: _Ref1046415]Discussions
First, we recap the existing handling for AM RLC maximum number of retransmissions in section 2.1. 

Then we analyse the handling if consistent UL LBT failure is declared in PCell or PSCell in section 2.2. 

Further in section 2.3 we look at the reporting of consistent UL LBT failure in SCells. 

[bookmark: _Ref23889274]RLC maximum number of retransmissions
In the 38.322 when maximum number of RLC retransmission has been reached for AM RLC, then the AM RLC entity will:
-	indicate to upper layers that max retransmission has been reached.
This indication is handled in the RRC layer, see section 5.3.10.3:
5.3.10.3	Detection of radio link failure
The UE shall:
1>	upon T310 expiry in PCell; or
1>	upon random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running; or
1>	upon indication from MCG RLC that the maximum number of retransmissions has been reached:
2>	if the indication is from MCG RLC and CA duplication is configured and activated, and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the MCG i.e. RLF;
3>	if AS security has not been activated:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';
3>	else if AS security has been activated but SRB2 and at least one DRB have not been setup:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
3>	else:
4>	initiate the connection re-establishment procedure as specified in 5.3.7.
The UE shall:
1>	upon T310 expiry in PSCell; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached:
2>	if the indication is from SCG RLC and CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the SCG, i.e. SCG RLF;
3>	initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.
We observe:
[bookmark: _Ref23892628][bookmark: _Toc23929829][bookmark: _Toc23932245][bookmark: _Toc23937884][bookmark: _Toc23938118][bookmark: _Toc23938634][bookmark: _Toc23939293][bookmark: _Toc23939805][bookmark: _Toc23940203][bookmark: _Toc23940247][bookmark: _Toc23940713][bookmark: _Toc24029977][bookmark: _Toc24030003][bookmark: _Toc24031140][bookmark: _Toc24032580][bookmark: _Toc24032661][bookmark: _Toc24032814][bookmark: _Toc24033751][bookmark: _Toc24033810][bookmark: _Toc24034191][bookmark: _Toc24037984][bookmark: _Toc24039291][bookmark: _Toc24043971]If CA duplication is configured and active and the LCH that triggers RLC max nr of retx is only allowed on SCells, then FailureInformation IE is sent to the gNB to report the RLC failure. 
That is, there is already SCell failure reporting in the RRC spec for RLC max number of transmissions.

[bookmark: _Toc23929830][bookmark: _Toc23932246][bookmark: _Toc23937885][bookmark: _Toc23938119][bookmark: _Toc23938635][bookmark: _Toc23939294][bookmark: _Toc23939806][bookmark: _Toc23940204][bookmark: _Toc23940248][bookmark: _Toc23940714][bookmark: _Toc24029978][bookmark: _Toc24030004][bookmark: _Toc24031141][bookmark: _Toc24032581][bookmark: _Toc24032662][bookmark: _Toc24032815][bookmark: _Toc24033752][bookmark: _Toc24033811][bookmark: _Toc24034192][bookmark: _Toc24037985][bookmark: _Toc24039292][bookmark: _Toc24043972]If MCG RLC entity sends the RLC max nr of retx indication, and either CA duplication is not activated or not configured, or if the LCH may be served on PCell, then RLF is declared and the UE goes to IDLE or try RRC reestablishment. 
[bookmark: _Toc23929831][bookmark: _Toc23932247][bookmark: _Toc23937886][bookmark: _Toc23938120][bookmark: _Toc23938636][bookmark: _Toc23939295][bookmark: _Toc23939807][bookmark: _Toc23940205][bookmark: _Toc23940249][bookmark: _Toc23940715][bookmark: _Toc24029979][bookmark: _Toc24030005][bookmark: _Toc24031142][bookmark: _Toc24032582][bookmark: _Toc24032663][bookmark: _Toc24032816][bookmark: _Toc24033753][bookmark: _Toc24033812][bookmark: _Toc24034193][bookmark: _Toc24037986][bookmark: _Toc24039293][bookmark: _Toc24043973]If SCG RLC entity sends the RLC max nr of retx indication, and either CA duplication is not activated or not configured, or if the LCH may be served on PSCell, then SCG RLF is declared and the SCGFailureInformation IE is sent to the gNB to report the SCG RLF.
That is, there is already PCell and PSCell failure handling in the RRC spec for RLC max number of transmissions.

[bookmark: _Toc23929832][bookmark: _Toc23932248][bookmark: _Toc23937887][bookmark: _Toc23938121][bookmark: _Toc23938637][bookmark: _Toc23939296][bookmark: _Toc23939808][bookmark: _Toc23940206][bookmark: _Toc23940250][bookmark: _Toc23940716][bookmark: _Toc24029980][bookmark: _Toc24030006][bookmark: _Toc24031143][bookmark: _Toc24032583][bookmark: _Toc24032664][bookmark: _Toc24032817][bookmark: _Toc24033754][bookmark: _Toc24033813][bookmark: _Toc24034194][bookmark: _Toc24037987][bookmark: _Toc24039294][bookmark: _Toc24043974]The RLC failure reporting and RLC RLF handling can be reused for the consistent uplink LBT failure reporting and recovery.

[bookmark: _Ref23889295]Recovery actions upon detection of UL LBT failures
In this section we look at these agreements:
Agreements:
2. The UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure on PCell or PSCell if there is another BWP with configured RACH resources.    
3. The UE shall perform RLF recovery if the consistent UL LBT failure was detected on the PCell and UL LBT failure was detected on “N” possible BWP.   “ 
4. When consistent uplink LBT failures are detected on the PSCell, the UE informs MN via the SCG failure information procedure after detecting a consistent UL LBT failure on “N” BWPs.   
5. “N” is the number of configured BWPs with configured PRACH resources.   If N is larger than one it is up to the UE implementation which BWP the UE selects.  
The agreement 2 is already captured in the NR-U running MAC CR, while for agreement 3 and 4, only the triggering after N BWPs (agreement 5) is included. 
[bookmark: _Toc23929833][bookmark: _Toc23932249][bookmark: _Toc23937888][bookmark: _Toc23938122][bookmark: _Toc23938638][bookmark: _Toc23939297][bookmark: _Toc23939809][bookmark: _Toc23940207][bookmark: _Toc23940251][bookmark: _Toc23940717][bookmark: _Toc24029981][bookmark: _Toc24030007][bookmark: _Toc24031144][bookmark: _Toc24032584][bookmark: _Toc24032665][bookmark: _Toc24032818][bookmark: _Toc24033755][bookmark: _Toc24033814][bookmark: _Toc24034195][bookmark: _Toc24037988][bookmark: _Toc24039295][bookmark: _Toc24043975]In the NR-U running MAC CR, the MAC entity sends indications to upper layers for PCell and PSCell when consistent UL LBT failure is detected on N BWPs.
[bookmark: _Toc23929834][bookmark: _Toc23932250][bookmark: _Toc23937889][bookmark: _Toc23938123][bookmark: _Toc23938639][bookmark: _Toc23939298][bookmark: _Toc23939810][bookmark: _Toc23940208][bookmark: _Toc23940252][bookmark: _Toc23940718][bookmark: _Toc24029982][bookmark: _Toc24030008][bookmark: _Toc24031145][bookmark: _Toc24032585][bookmark: _Toc24032666][bookmark: _Toc24032819][bookmark: _Toc24033756][bookmark: _Toc24033815][bookmark: _Toc24034196][bookmark: _Toc24037989][bookmark: _Toc24039296][bookmark: _Toc24043976]The upper layer RRC handling for consistent UL LBT failures remains to be captured.

We can reuse the RLC RLF handling in 5.3.10.3 also for consistent UL LBT RLF handling by adding highlighted part:
The UE shall:
1>	upon T310 expiry in PCell; or
1>	upon random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running; or
1>	upon indication from MCG RLC that the maximum number of retransmissions has been reached; or:
1> upon indication of consistent LBT failure from MCG MAC:
…
The UE shall:
1>	upon T310 expiry in PSCell; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached; or:
1>	upon indication of consistent LBT failure from SCG MAC:

[bookmark: _Toc23889622][bookmark: _Toc23893447][bookmark: _Toc23894664][bookmark: _Toc23895087][bookmark: _Toc23895101][bookmark: _Toc23929441][bookmark: _Toc23929464][bookmark: _Toc23929835][bookmark: _Toc23932251][bookmark: _Toc23937890][bookmark: _Toc23938124][bookmark: _Toc23938640][bookmark: _Toc23939299][bookmark: _Toc23939811][bookmark: _Toc23940209][bookmark: _Toc23940253][bookmark: _Toc23940719][bookmark: _Toc24029983][bookmark: _Toc24030009][bookmark: _Toc24031146][bookmark: _Toc24032586][bookmark: _Toc24032667][bookmark: _Toc24032820][bookmark: _Toc24033757][bookmark: _Toc24033816][bookmark: _Toc24034197][bookmark: _Toc24037990][bookmark: _Toc24039297][bookmark: _Toc24043977]Adopt the two RRC 5.3.10.3 text proposals above to trigger consistent LBT failure handling in RRC for PCell and PSCell respectively.

[bookmark: _Toc24029984][bookmark: _Toc24030010][bookmark: _Toc24031147][bookmark: _Toc24032587][bookmark: _Toc24032668][bookmark: _Toc24032821][bookmark: _Toc24033758][bookmark: _Toc24033817][bookmark: _Toc24034198][bookmark: _Toc24037991][bookmark: _Toc24039298][bookmark: _Toc24043978]The proposal above allows MAC to detect consistent LBT failures and to indicate this to upper layers. In RRC this indication will trigger the correct RLF and SCG RLF recovery actions that were already defined for RLC RLF handling.

[bookmark: _Toc24029985][bookmark: _Toc24030011][bookmark: _Toc24031148][bookmark: _Toc24032588][bookmark: _Toc24032669][bookmark: _Toc24032822][bookmark: _Toc24033759][bookmark: _Toc24033818][bookmark: _Toc24034199][bookmark: _Toc24037992][bookmark: _Toc24039299][bookmark: _Toc24043979]When SCG RLF is detected, it is reported by sending the SCGFailureInformation IE to the gNB.

The SCGFailureInformation IE needs a new failureType for LBT failures to distinguish from other failures:
[bookmark: _Toc23889624][bookmark: _Toc23893449][bookmark: _Toc23894666][bookmark: _Toc23895089][bookmark: _Toc23895103][bookmark: _Toc23929443][bookmark: _Toc23929466][bookmark: _Toc23929837][bookmark: _Toc23932253][bookmark: _Toc23937892][bookmark: _Toc23938126][bookmark: _Toc23938642][bookmark: _Toc23939301][bookmark: _Toc23939813][bookmark: _Toc23940211][bookmark: _Toc23940255][bookmark: _Toc23940721][bookmark: _Toc24029986][bookmark: _Toc24030012][bookmark: _Toc24031149][bookmark: _Toc24032589][bookmark: _Toc24032670][bookmark: _Toc24032823][bookmark: _Toc24033760][bookmark: _Toc24033819][bookmark: _Toc24034200][bookmark: _Toc24037993][bookmark: _Toc24039300][bookmark: _Toc24043980]Define a new value lbt-failure for the failureType field of the SCGFailureInformation IE, and introduce procedural text to set this value in 5.7.3.5 in RRC spec.

In case an RLF event is triggered, the UE would follow the existing procedure for going to IDLE or doing RRC connection reestablishment procedure to recover from the failure. In LTE, after the recovery, the UE may send an RLF report for reporting occurrence of the RLF. We think such function shall be the same for NR, though the details are being worked on in the NR_SON_MDT-Core WI. In the RLF report, the UE can include a failure cause indicating that the RLF was triggered due to occurrence of consistent UL LBT failures. Therefore, we make the proposal:

[bookmark: _Toc20954598][bookmark: _Toc20954611][bookmark: _Toc20954624][bookmark: _Toc20954637][bookmark: _Toc20995521][bookmark: _Toc21002332][bookmark: _Toc21007403][bookmark: _Toc21007700][bookmark: _Toc21031593][bookmark: _Toc21031684][bookmark: _Toc21032200][bookmark: _Toc23516252][bookmark: _Toc23801964][bookmark: _Toc23883643][bookmark: _Toc23889627][bookmark: _Toc23893452][bookmark: _Toc23894669][bookmark: _Toc23895092][bookmark: _Toc23895106][bookmark: _Toc23929444][bookmark: _Toc23929467][bookmark: _Toc23929838][bookmark: _Toc23932254][bookmark: _Toc23938643][bookmark: _Toc23939302][bookmark: _Toc23939814][bookmark: _Toc23940212][bookmark: _Toc23940256][bookmark: _Toc23940722][bookmark: _Toc24029987][bookmark: _Toc24030013][bookmark: _Toc24031150][bookmark: _Toc24032590][bookmark: _Toc24032671][bookmark: _Toc24032824][bookmark: _Toc24033761][bookmark: _Toc24033820][bookmark: _Toc24034201][bookmark: _Toc24037994][bookmark: _Toc24039301][bookmark: _Toc24043981][bookmark: _Toc23937893][bookmark: _Toc23938127]When UE reaches CONNECTED mode after an RLF event, as in LTE, the UE indicates that it has an RLF report (that the gNB may poll for). The UE can include a new failure cause in the RLF report indicating that the RLF was triggered due to occurrence of consistent UL LBT failures. Details are related to NR_SON_MDT-Core WI and left FFS.  

The proposals above are implemented in two combinations, in section 3 they are combined with the proposals from section 2.3.1, and in section 4 they are combined with the proposals from section 2.3.2 
[bookmark: _Ref23889303]Reporting of consistent LBT failure in SCells
As observed above, the existing AM RLC mechanism for failure reporting when a bearer reaches the maximum number of RLC transmissions uses RRC signalling to report SCell RLC problems to the gNB. In section 2.3.1 we analyse how the RLC failure mechanism can be extended to cover RRC based SCell reporting of consistent UL LBT failures in SCells, and in section 3 we have the corresponding spec changes to support this.
RAN2 has agreed to introduce a new MAC CE for indicating consistent uplink LBT failures in an SCell to the gNB. Whether the MAC CE can be used to report failure for primary cells (PCell or PSCell) is for further studies. 
In section 2.3.2 analyse how the MAC CE based solution for SCell reporting can be implemented in the spec, while section 4 has the corresponding spec changes that would be needed. 
Then in section 2.3.3 we compare these two alternatives.

[bookmark: _Ref23802898]RRC based LBT failure reporting in SCells
As observed above in Observation 1, RLC failure for SCells is reported using the FailureInformation IE. This can be extended to consistent LBT failure reporting on SCells. 

[bookmark: _Toc24032672][bookmark: _Toc24032825][bookmark: _Toc24033762][bookmark: _Toc24033821][bookmark: _Toc24034202][bookmark: _Toc24037995][bookmark: _Toc24039302][bookmark: _Toc24043982]When a MAC entity declares consistent UL LBT failure on an SCell, indicate consistent UL LBT failure to upper layers.

Then in RRC we can handle these indications in a similar way as the RLC failures. 

[bookmark: _Toc24032673][bookmark: _Toc24032826][bookmark: _Toc24033763][bookmark: _Toc24033822][bookmark: _Toc24034203][bookmark: _Toc24037996][bookmark: _Toc24039303][bookmark: _Toc24043983]In RRC, support LBT failure reporting on SCells using the FailureInformation IE similar to RLC failure reporting on SCells.

When the BWP switching in SpCell is successful, it may be beneficial for the gNB to know the reason for the switch, therefore we can trigger the sending of FailureInformation IE also in this case. 

[bookmark: _Toc24032674][bookmark: _Toc24032827][bookmark: _Toc24033764][bookmark: _Toc24033823][bookmark: _Toc24034204][bookmark: _Toc24037997][bookmark: _Toc24039304][bookmark: _Toc24043984]When MAC entity switches BWP due to consistent LBT failures, FailureInformation IE is sent to inform gNB of the reason for BWP switching.

The proposals in this section on RRC based SCell reporting is implemented in section 3.

[bookmark: _Ref24033002]MAC CE based LBT failure reporting in SCells
The new MAC CE (e.g., named as UL LBT failure Indication MAC CE) can carry the index of the serving cell in which consistent UL LBT failures has been detected. The gNB knows in which BWP the UE is currently active and as a UE only have one active BWP per cell, upon reception of the MAC CE, the gNB can understand that the UE has experienced consistent UL LBT failures in its previously active BWP in the indicated cell, thus it is enough to indicate the serving cell index in the new MAC CE. 
[bookmark: _Toc23516253][bookmark: _Toc23801965][bookmark: _Toc23883644][bookmark: _Toc23889628][bookmark: _Toc23893453][bookmark: _Toc23894670][bookmark: _Toc23895093][bookmark: _Toc23895107][bookmark: _Toc23929445][bookmark: _Toc23929468][bookmark: _Toc23929840][bookmark: _Toc23932256][bookmark: _Toc23937895][bookmark: _Toc23938129][bookmark: _Toc23938645][bookmark: _Toc23939304][bookmark: _Toc23939816][bookmark: _Ref23939970][bookmark: _Toc23940214][bookmark: _Toc23940258][bookmark: _Toc23940724][bookmark: _Toc24029988][bookmark: _Toc24030014][bookmark: _Toc24031151][bookmark: _Toc24032591][bookmark: _Toc24032675][bookmark: _Toc24032828][bookmark: _Toc24033765][bookmark: _Toc24033824][bookmark: _Toc24034205][bookmark: _Toc24037998][bookmark: _Toc24039305][bookmark: _Toc24043985]MAC CE Proposal needed: The new MAC CE (e.g., named as UL LBT Failure Indication MAC CE) contains the index of the Serving Cell in which consistent UL LBT failures has been detected.
[bookmark: _Toc24029989][bookmark: _Toc24030015][bookmark: _Toc24031152][bookmark: _Toc24032592][bookmark: _Toc24032676][bookmark: _Toc24032829][bookmark: _Toc24033766][bookmark: _Toc24033825][bookmark: _Toc24034206][bookmark: _Toc24037999][bookmark: _Toc24039306][bookmark: _Toc24043986]MAC CE Proposal needed: BWP index is not needed in the new MAC CE. 

When consistent UL LBT failures is detected in a BWP of an SCell, the MAC entity will trigger a corresponding new MAC CE. If there is available UL grant in any serving cell for a new transmission, the UE will indicate to the Multiplexing and assembly entity to include a new MAC CE in the subsequent uplink transmission. 

[bookmark: _Toc23929841][bookmark: _Toc23932257][bookmark: _Toc23937896][bookmark: _Toc23938130][bookmark: _Toc23938646][bookmark: _Toc23939305][bookmark: _Toc23939817][bookmark: _Toc23940215][bookmark: _Toc23940259][bookmark: _Toc23940725][bookmark: _Toc24029990][bookmark: _Toc24030016][bookmark: _Toc24031153][bookmark: _Toc24032593][bookmark: _Toc24032677][bookmark: _Toc24032830][bookmark: _Toc24033767][bookmark: _Toc24033826][bookmark: _Toc24034207][bookmark: _Toc24038000][bookmark: _Toc24039307][bookmark: _Toc24043987][bookmark: _Toc23516255][bookmark: _Toc23801967]If there is available UL grant in any serving cell for a new transmission, the UE will include a new MAC CE in the subsequent uplink transmission in endorsed running MAC CR. 

If there is no UL grant available, UE may trigger a scheduling request for requesting new UL resource for the new MAC CE. In legacy, only BSR may trigger SR, and functionality to handle SR timers etc. would lead to large spec impact. Therefore, we propose that the new MAC CE cannot trigger an SR. Thus, the UE would have to wait for a new grant which may be assigned later when there is new data available in the buffer, this may incur some acceptable latency for the UE to report the LBT failures on an SCell. 

[bookmark: _Toc23883645][bookmark: _Toc23889629][bookmark: _Toc23893454][bookmark: _Toc23894671][bookmark: _Toc23895094][bookmark: _Toc23895108][bookmark: _Toc23929446][bookmark: _Toc23929469][bookmark: _Toc23929842][bookmark: _Toc23932258][bookmark: _Toc23937897][bookmark: _Toc23938131][bookmark: _Toc23938647][bookmark: _Toc23939306][bookmark: _Toc23939818][bookmark: _Toc23940216][bookmark: _Toc23940260][bookmark: _Toc23940726][bookmark: _Toc24029991][bookmark: _Toc24030017][bookmark: _Toc24031154][bookmark: _Toc24032594][bookmark: _Toc24032678][bookmark: _Toc24032831][bookmark: _Toc24033768][bookmark: _Toc24033827][bookmark: _Toc24034208][bookmark: _Toc24038001][bookmark: _Toc24039308][bookmark: _Toc24043988]MAC CE Proposal needed: If there is no UL grant available, the UE shall not trigger a scheduling request to request new UL resource for the new MAC CE.

If there are multiple available UL grants, same as grant selection for BSR and PHR CEs in NR Rel-15, it is up to UE implementation on how to select a grant for transmission of the MAC CE.

[bookmark: _Toc23516256][bookmark: _Toc23801968][bookmark: _Toc23883646][bookmark: _Toc23889630][bookmark: _Toc23893455][bookmark: _Toc23894672][bookmark: _Toc23895095][bookmark: _Toc23895109][bookmark: _Toc23929447][bookmark: _Toc23929470][bookmark: _Toc23929843][bookmark: _Toc23932259][bookmark: _Toc23937898][bookmark: _Toc23938132][bookmark: _Toc23938648][bookmark: _Toc23939307][bookmark: _Toc23939819][bookmark: _Toc23940217][bookmark: _Toc23940261][bookmark: _Toc23940727][bookmark: _Toc24029992][bookmark: _Toc24030018][bookmark: _Toc24031155][bookmark: _Toc24032595][bookmark: _Toc24032679][bookmark: _Toc24032832][bookmark: _Toc24033769][bookmark: _Toc24033828][bookmark: _Toc24034209][bookmark: _Toc24038002][bookmark: _Toc24039309][bookmark: _Toc24043989]MAC CE Proposal needed: If there are multiple UL grants available, it is up to UE implementation how to select a grant for transmission of the new MAC CE, that is no spec change.

The new MAC CEs shall be treated with higher priority compared to Configured Grant Confirmation, BSR and PHR MAC CEs. Because the gNB or the UE need to take a fast action to recover from the consistent UL LBT failures, otherwise the data transmission from and to the UE would get stalled.  On the other hand, the C-RNTI MAC CE or data from UL-CCCH shall be prioritized over the new MAC CEs, since they are used to establish or re-establish the RRC connection. Based on above reasoning, we propose the existing priority order for MAC CEs and LCHs should be updated as below 
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-                      UL LBT Failure Indication MAC CE 
-	Configured Grant Confirmation MAC CE;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding.
Therefore, we make the below proposal
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The new MAC CE is also applicable to the primary cell (i.e., SpCell). In the SpCell, the UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure. During the RACH procedure especially for a CBRA based procedure, the gNB may not be able to identify the purpose of the received RA message. It is beneficial for the UE to include the new MAC CE (e.g., UL LBT failure Indication MAC CE) in Msg3.
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The observed needed proposals for MAC CE based SCell reporting are implemented in section 4.
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For the SpCell failure case, both methods have the same spec changes as proposed in section 2.2, here we only look at the SCell failure case. 

Table 1 Pros and Cons of MAC CE and RRC based SCell failure reporting 
	
	Pros
	Cons

	MAC CE based 
	Deactivation of SCell is controlled directly in MAC of gNB by sending the deactivation MAC CE. 
	New mechanism.
SCell deconfiguration and SCG reconfiguration is controlled from RRC, thus gNB information transfer from MAC to RRC will be needed if those are desirable. 
Mix of both RRC and MAC CEs for LBT failure reporting
Less reliable than RRC signalling

	RRC based
	Existing mechanism reused.
No new MAC CE with new reserved LCID.
No need for new SR triggers.
Consistently using RRC signalling for LBT failure reporting
More reliable than MAC CE signalling
Less spec changes
	Deactivation of SCell is controlled in MAC, thus gNB information transfer from RRC to MAC may be needed if that is desirable.



The action to be taken, when an SCell is so congested that the UE cannot get any UL transmissions through, is most likely to de-configure the SCell or reconfigure a different SCell or SCG, i.e., the action likely needs RRC signalling. 
As SCells are used in carrier aggregation where multiple carriers are available, possible differences in the size of the signalling of RRC or MAC CEs is of no relevance. The speed of signalling of RRC versus MAC CEs is irrelevant compared to the time to detect a consistent LBT failure on an SCell; the RLF detection for missing DL signals may be in the order of seconds and the need for knowing in gNB that an SCell is experience severe UL congestion is not urgent.
When we compare the pros and cons and the spec impacts in section 3 and section 4, we can see that both methods are feasible, but the RRC based method is a cleaner solution with less spec impact as it relies on a well-established framework.
For RAN2 to select a different mechanism than the existing one, a strong motivation is needed. 
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We propose: 
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Yellow highlighted changes are changes needed for both RRC and MAC CE based solution.
Green highlighted changes are changes needed for RRC based solution.
Turquoise highlighted changes are changes needed for MAC CE based solution.

Changes to MAC
MAC changes are based on the Running MAC CR R2-1914026 that partly already includes the MAC CE based solution. 

Start of MAC changes

5.X.2 LBT failure detection and recovery procedure
The MAC entity may be configured by RRC with a consistent LBT failure recovery procedure. 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 the following parameters in the lbt-FailureRecoveryConfig:
-	lbt-FailureInstanceMaxCount for the consistent LBT failure detection;
-	lbt-FailureDetectionTimer for the consistent LBT failure detection;
The following UE variables are used for the consistent LBT failure detection procedure:
-	LBT_COUNTER: counter for LBT failure indication which is initially set to 0.
For each activated Serving Cell configured with lbt-FailureRecoveryConfig, the MAC entity shall:
1>	if LBT failure indication has been received from lower layers:
2>	start or restart the lbt-FailureDetectionTimer;
2>	increment LBT_COUNTER by 1;
2>	if LBT_COUNTER >= lbt-FailureInstanceMaxCount:
3>	if this Serving Cell is an SCell:
4>	declare consistent LBT failure for the active UL BWP;
4>	indicate consistent LBT failure to upper layersto the Multiplexing and assembly entity to include an LBT failure MAC CE in the subsequent uplink transmission.
Editor’s Note: This captures agreement “When consistent uplink LBT failures are detected on an SCell, a new MAC CE to report this to the node where SCell belongs to is used.  FFS whether the MAC CE can be used to report failure on PCell”.
Editor’s Note: FFS if we need to limit this MAC CE transmission to other BWPs than the BWP where LBT failure is declared. 
FFS what the priority of this MAC CE shall be in the LCP. 
FFS if we need to handle case when there are no subsequent UL resources available. 
3>	else (i.e. SpCell):
4>	declare consistent LBT failure for the active UL BWP;
4>	if consistent LBT failure has been declared in all UL BWPs configured with PRACH occasions in this Serving Cell:
5>	indicate consistent LBT failure to upper layers.
Editor’s Note: This is for PCell or PSCell and shall trigger RLF if in PCell, or SCG RLF if in PSCell. Procedural text in section 5.3.10.3 of 38.331 is needed for this.
This captures three agreements 
“The UE shall perform RLF recovery if the consistent UL LBT failure was detected on the PCell and UL LBT failure was detected on “N” possible BWP.”,
“When consistent uplink LBT failures are detected on the PSCell, the UE informs MN via the SCG failure information procedure after detecting a consistent UL LBT failure on “N” BWPs.” and
““N” is the number of configured BWPs with configured PRACH resources.   If N is larger than one it is up to the UE implementation which BWP the UE selects.”.
4>	else:
5>	switch the active UL BWP to an UL BWP, in this Serving Cell, configured with PRACH occasion and for which consistent LBT failure has not been declared;
5>	perform the BWP operation as specified in clause 5.15;
5>	indicate BWP switch due to consistent LBT failure to upper layers;
5>	initiate a Random Access Procedure (as specified in clause 5.1.1).
Editor’s Note: This captures agreement “The UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure on PCell or PSCell if there is another BWP with configured RACH resources.”.
1>	if the lbt-FailureDetectionTimer expires; or
1>	if lbt-FailureDetectionTimer or lbt-FailureInstanceMaxCount is reconfigured by upper layers:
2>	set LBT_COUNTER to 0.

End of MAC changes

Changes to RRC

Start of RRC changes

5.3.10.3	Detection of radio link failure
The UE shall:
1>	upon T310 expiry in PCell; or
1>	upon random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running; or
1>	upon indication from MCG RLC that the maximum number of retransmissions has been reached:, or
1>	upon consistent LBT failure indication from MCG MAC:
2>	if the indication is from MCG RLC and CA duplication is configured and activated, and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else if the indication is from MCG MAC of consistent LBT failure in an SCell or for BWP switching:
3>	initiate the failure information procedure as specified in 5.7.5 to report LBT failure.
2>	else:
3>	consider radio link failure to be detected for the MCG i.e. RLF;
3>	if AS security has not been activated:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';-
3>	else if AS security has been activated but SRB2 and at least one DRB have not been setup:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
3>	else:
4>	initiate the connection re-establishment procedure as specified in 5.3.7.
The UE shall:
1>	upon T310 expiry in PSCell; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached; or:
1>	upon consistent LBT failure indication from SCG MAC:
2>	if the indication is from SCG RLC and CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else if the indication is from SCG MAC of consistent LBT failure in an SCell or for BWP switching:
3>	initiate the failure information procedure as specified in 5.7.5 to report LBT failure.
2>	else:
3>	consider radio link failure to be detected for the SCG, i.e. SCG RLF;
3>	initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.

Next change

5.7.5	Failure information
5.7.5.1	General


Figure 5.7.5.1-1: Failure information
The purpose of this procedure is to inform the network about a failure detected by the UE.
5.7.5.2	Initiation
A UE initiates the procedure when there is a need inform the network about a failure detected by the UE. In particular, the UE initiates the procedure when the following condition is met:
1>	upon detecting failure for an RLC bearer, in accordance with 5.3.10.3, or;
1>	upon detecting LBT failure for an SCell or for BWP switching, in accordance with 5.3.10.3.
Upon initiating the procedure, the UE shall:
1>	initiate transmission of the FailureInformation message as specified in 5.7.5.3;
5.7.5.3	Actions related to transmission of FailureInformation message
The UE shall:
1>	if initiated to provide RLC failure information, set FailureInfoRLC-Bearer as follows:
2>	set logicalChannelIdentity to the logical channel identity of the failing RLC bearer;
2>	set cellGroupId to the cell group identity of the failing RLC bearer;
2>	set the failureType as rlc-failure;
1>	if initiated to provide LBT failure information, set FailureInfoLBT as follows:
2>	set cellId to the Serving Cell identity of the failing Serving Cell;
2>	set the failureType as lbt-failure;
1>	if used to inform the network about a failure for anin the MCG RLC bearer:
2>	submit the FailureInformation message to lower layers for transmission via SRB1;
1>	else if used to inform the network about a failure for anin the SCG RLC bearer:
2>	if SRB3 is configured;
3>	submit the FailureInformation message to lower layers for transmission via SRB3;
2>	else;
3>	if the UE is in (NG)EN-DC:
4>	submit the FailureInformation message via the E-UTRA MCG embedded in E-UTRA RRC message ULInformationTransferMRDC as specified in TS 36.331 [10].
3>	else if the UE is in NR-DC:
4>	submit the FailureInformation message via the NR MCG embedded in NR RRC message ULInformationTransferMRDC as specified in clause 5.7.2a.3.

Next change

–	FailureInformation
The FailureInformation message is used to inform the network about a failure detected by the UE.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to network
FailureInformation message
-- ASN1START
-- TAG-FAILUREINFORMATION-START

FailureInformation ::=         SEQUENCE {
    criticalExtensions             CHOICE {
        failureInformation             FailureInformation-IEs,
        criticalExtensionsFuture       SEQUENCE {}
    }
}

FailureInformation-IEs ::=     SEQUENCE {
    failureInfoRLC-Bearer          FailureInfoRLC-Bearer    OPTIONAL,
    lateNonCriticalExtension       OCTET STRING             OPTIONAL,
    nonCriticalExtension           SEQUENCE {}              OPTIONAL
    [[
    failureInfoLBT                 FailureInfoLBT           OPTIONAL,
    ]]
}

FailureInfoRLC-Bearer ::=      SEQUENCE {
    cellGroupId                    CellGroupId,
    logicalChannelIdentity         LogicalChannelIdentity,
    failureType                    ENUMERATED {rlc-failure, spare3, spare2, spare1}
}

FailureInfoLBT ::=      SEQUENCE {
    cellId                         CellId,
    failureType                    ENUMERATED {lbt-failure, spare3, spare2, spare1}
}

-- TAG-FAILUREINFORMATION-STOP
-- ASN1STOP

Next change

5.7.3	SCG failure information
5.7.3.1	General


Figure 5.7.3.1-1: SCG failure information
The purpose of this procedure is to inform E-UTRAN or NR MN about an SCG failure the UE has experienced i.e. SCG radio link failure, failure of SCG reconfiguration with sync, SCG configuration failure for RRC message on SRB3 and SCG integrity check failure.
5.7.3.2	Initiation
A UE initiates the procedure to report SCG failures when SCG transmission is not suspended and when one of the following conditions is met:
1>	upon detecting radio link failure for the SCG, in accordance with subclause 5.3.10.3;
1>	upon reconfiguration with sync failure of the SCG, in accordance with subclause 5.3.5.8.3;
1>	upon SCG configuration failure, in accordance with subclause 5.3.5.8.2;
1>	upon integrity check failure indication from SCG lower layers concerning SRB3.
Upon initiating the procedure, the UE shall:
1>	suspend SCG transmission for all SRBs and DRBs;
1>	reset SCG MAC;
1>	stop T304, if running;
1>	if the UE is in (NG)EN-DC:
2>	initiate transmission of the SCGFailureInformationNR message as specified in TS 36.331 [10], clause 5.6.13a.
1>	else:
2>	initiate transmission of the SCGFailureInformation message in accordance with 5.7.3.5.
5.7.3.3	Failure type determination for (NG)EN-DC
The UE shall set the SCG failure type as follows:
1>	if the UE initiates transmission of the SCGFailureInformationNR message due to T310 expiry:
2>	set the failureType as t310-Expiry;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide reconfiguration with sync failure information for an SCG:
2>	set the failureType as synchReconfigFailure-SCG;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide random access problem indication from SCG MAC:
2>	set the failureType as randomAccessProblem;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide indication from SCG RLC that the maximum number of retransmissions has been reached:
2>	set the failureType as rlc-MaxNumRetx;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message due to SRB3 integrity check failure:
2>	set the failureType as srb3-IntegrityFailure;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message due to Reconfiguration failure of NR RRC reconfiguration message:
2>	set the failureType as scg-reconfigFailure.
5.7.3.4	Setting the contents of MeasResultSCG-Failure
The UE shall set the contents of the MeasResultSCG-Failureas follows:
1>	for each MeasObjectNR configured on NR SCG for which a measId is configured and measurement results are available:
2>	include an entry in measResultPerMOList;
2>	if there is a measId configured with the MeasObjectNR and a reportConfig which has rsType set to ssb:
3>	set ssbFrequency to the value indicated by ssbFrequency as included in the MeasObjectNR;
2>	if there is a measId configured with the MeasObjectNR and a reportConfig which has rsType set to csi-rs:
3>	set refFreqCSI-RS to the value indicated by refFreqCSI-RS as included in the associated measurement object;
2>	if a serving cell is associated with the MeasObjectNR:
3>	set measResultServingCell to include the available quantities of the concerned cell and in accordance with the performance requirements in TS 38.133 [14];
2>	set the measResultNeighCellList to include the best measured cells, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected the failure, and set its fields as follows;
3>	ordering the cells with sorting as follows:
4>	based on SS/PBCH block if SS/PBCH block measurement results are available and otherwise based on CSI-RS;
4>	using RSRP if RSRP measurement results are available, otherwise using RSRQ if RSRQ measurement results are available, otherwise using SINR;
3>	for each neighbour cell included:
4>	include the optional fields that are available.
NOTE:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
5.7.3.5	Actions related to transmission of SCGFailureInformation message
The UE shall set the contents of the SCGFailureInformation message as follows:
1>	if the UE initiates transmission of the SCGFailureInformation message due to T310 expiry:
2>	set the failureType as t310-Expiry;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide reconfiguration with sync failure information for an SCG:
2>	set the failureType as synchReconfigFailure-SCG;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide random access problem indication from SCG MAC:
2>	set the failureType as randomAccessProblem;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide indication from SCG RLC that the maximum number of retransmissions has been reached:
2>	set the failureType as rlc-MaxNumRetx;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide indication from SCG MAC that consistent uplink LBT failure has been detected:
2>	set the failureType as lbt-failure;
1>	else if the UE initiates transmission of the SCGFailureInformation message due to SRB3 IP check failure:
2>	set the failureType as srb3-IntegrityFailure;
1>	else if the UE initiates transmission of the SCGFailureInformation message due to Reconfiguration failure of NR RRC reconfiguration message:
2>	set the failureType as scg-reconfigFailure.
1> include and set MeasResultSCG-Failure in accordance with 5.7.3.4;
1>	for each NR frequency the UE is configured to measure by a MeasConfig associate with the MCG and for which measurement results are available:
2>	set the measResultFreqList to include the best measured cells, ordered such that the best cell is listed first using RSRP to order if RSRP measurement results are available for cells on this frequency, otherwise using RSRQ to order if RSRQ measurement results are available for cells on this frequency, otherwise using SINR to order, and based on measurements collected up to the moment the UE detected the failure, and for each cell that is included, include the optional fields that are available;
NOTE:	Field measResultSCG-Failure is used to report available results for NR frequencies the UE is configured to measure by SCG RRC signalling. 
The UE shall submit the SCGFailureInformation message to lower layers for transmission.

Next change

–	SCGFailureInformation
The SCGFailureInformation message is used to provide information regarding NR SCG failures detected by the UE.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to Network
SCGFailureInformation message
-- ASN1START
-- TAG-SCGFAILUREINFORMATION-START

SCGFailureInformation ::=                 SEQUENCE {
    criticalExtensions                         CHOICE {
        scgFailureInformation                     SCGFailureInformation-IEs,
        criticalExtensionsFuture                 SEQUENCE {}
    }
}

SCGFailureInformation-IEs ::=             SEQUENCE {
    failureReportSCG                              FailureReportSCG            OPTIONAL,
    nonCriticalExtension                         SEQUENCE {}                  OPTIONAL
}

FailureReportSCG ::=                       SEQUENCE {
    failureType                                    ENUMERATED {
                                                           t310-Expiry, randomAccessProblem,
                                                           rlc-MaxNumRetx,
                                                           synchReconfigFailureSCG, scg-ReconfigFailure,
                                                           srb3-IntegrityFailure,  spare2lbt-failure, spare1},
    measResultFreqList                           MeasResultFreqList                       OPTIONAL,
    measResultSCG-Failure                       OCTET STRING (CONTAINING MeasResultSCG-Failure)                              OPTIONAL,
    ...
}

MeasResultFreqList ::=               SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2NR


-- TAG-SCGFAILUREINFORMATION-STOP
-- ASN1STOP

	SCGFailureInformation field descriptions

	measResultFreqList
The field contains available results of measurements on NR frequencies the UE is configured to measure by measConfig.

	measResultSCG-Failure
The field contains the MeasResultSCG-Failure IE which includes available results of measurements on NR frequencies the UE is configured to measure by the NR SCG RRCReconfiguration message. 



End of RRC changes

[bookmark: _Ref24033021]Text proposals for MAC CE based consistent LBT failure reporting on SCells
Yellow highlighted changes are changes needed for both RRC and MAC CE based solution.
Green highlighted changes are changes needed for RRC based solution.
Turquoise highlighted changes are changes needed for MAC CE based solution.

Changes to MAC
MAC changes are based on the Running MAC CR R2-1914026 that partly already includes the MAC CE based solution. 

Start of MAC changes
[bookmark: _Toc20428297][bookmark: _Toc20428329]
5.4.3.1.3	Allocation of resources
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels as follows:
2>	logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>	decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE:	The value of Bj can be negative.
If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
The UE shall also follow the rules below during the scheduling procedures above:
-	the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;
-	if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;
-	the UE should maximise the transmission of data;
-	if the MAC entity is given a UL grant size that is equal to or larger than 8 bytes while having data available and allowed (according to clause 5.4.3.1) for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-	the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-	there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-	the MAC PDU includes zero MAC SDUs; and
-	the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	UL LBT Failure Indication MAC CE;
-	Configured Grant Confirmation MAC CE;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding.

Next change

5.X.2 LBT failure detection and recovery procedure
The MAC entity may be configured by RRC with a consistent LBT failure recovery procedure. 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 the following parameters in the lbt-FailureRecoveryConfig:
-	lbt-FailureInstanceMaxCount for the consistent LBT failure detection;
-	lbt-FailureDetectionTimer for the consistent LBT failure detection;
The following UE variables are used for the consistent LBT failure detection procedure:
-	LBT_COUNTER: counter for LBT failure indication which is initially set to 0.
For each activated Serving Cell configured with lbt-FailureRecoveryConfig, the MAC entity shall:
1>	if LBT failure indication has been received from lower layers:
2>	start or restart the lbt-FailureDetectionTimer;
2>	increment LBT_COUNTER by 1;
2>	if LBT_COUNTER >= lbt-FailureInstanceMaxCount:
3>	indicate to the Multiplexing and assembly entity to include an LBT failure MAC CE in the subsequent uplink transmission.
3>	if this Serving Cell is an SCell:
4>	declare consistent LBT failure for the active UL BWP;
4>	indicate to the Multiplexing and assembly entity to include an LBT failure MAC CE in the subsequent uplink transmission.
Editor’s Note: This captures agreement “When consistent uplink LBT failures are detected on an SCell, a new MAC CE to report this to the node where SCell belongs to is used.  FFS whether the MAC CE can be used to report failure on PCell”.
Editor’s Note: FFS if we need to limit this MAC CE transmission to other BWPs than the BWP where LBT failure is declared. 
FFS what the priority of this MAC CE shall be in the LCP. 
FFS if we need to handle case when there are no subsequent UL resources available. 
3>	else (i.e. SpCell):
4>	declare consistent LBT failure for the active UL BWP;
4>	if consistent LBT failure has been declared in all UL BWPs configured with PRACH occasions in this Serving Cell:
5>	indicate consistent LBT failure to upper layers.
Editor’s Note: This is for PCell or PSCell and shall trigger RLF if in PCell, or SCG RLF if in PSCell. Procedural text in section 5.3.10.3 of 38.331 is needed for this.
This captures three agreements 
“The UE shall perform RLF recovery if the consistent UL LBT failure was detected on the PCell and UL LBT failure was detected on “N” possible BWP.”,
“When consistent uplink LBT failures are detected on the PSCell, the UE informs MN via the SCG failure information procedure after detecting a consistent UL LBT failure on “N” BWPs.” and
““N” is the number of configured BWPs with configured PRACH resources.   If N is larger than one it is up to the UE implementation which BWP the UE selects.”.
4>	else:
5>	switch the active UL BWP to an UL BWP, in this Serving Cell, configured with PRACH occasion and for which consistent LBT failure has not been declared;
5>	perform the BWP operation as specified in clause 5.15;
5>	initiate a Random Access Procedure (as specified in clause 5.1.1).
Editor’s Note: This captures agreement “The UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure on PCell or PSCell if there is another BWP with configured RACH resources.”.
1>	if the lbt-FailureDetectionTimer expires; or
1>	if lbt-FailureDetectionTimer or lbt-FailureInstanceMaxCount is reconfigured by upper layers:
2>	set LBT_COUNTER to 0.
[bookmark: _Toc20428353]
Next change

6.1.3.X	Uplink LBT Failure indication MAC CE
The Uplink LBT failure indication MAC CE reports the Serving Cell ID of an SCell where the active uplink BWP is experiencing consistent uplink LBT failures. It has a fixed size and consists of one octet defined as follows (Figure 6.1.3.20-1):
-	-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
	R: Reserved bit, set to 0.
	R
	R
	R
	Serving Cell ID




Figure 6.1.3.X-1: Uplink LBT failure reporting MAC CE

End of MAC changes
[bookmark: _Ref23861395]

Changes to RRC
[bookmark: _Toc20425751]

Start of RRC changes
5.3.10.3	Detection of radio link failure
The UE shall:
1>	upon T310 expiry in PCell; or
1>	upon random access problem indication from MCG MAC while neither T300, T301, T304, T311 nor T319 are running; or
1>	upon indication from MCG RLC that the maximum number of retransmissions has been reached; or:
1>	upon consistent LBT failure indication from MCG MAC:
2>	if the indication is from MCG RLC and CA duplication is configured and activated, and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the MCG i.e. RLF;
3>	if AS security has not been activated:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';-
3>	else if AS security has been activated but SRB2 and at least one DRB have not been setup:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
3>	else:
4>	initiate the connection re-establishment procedure as specified in 5.3.7.
The UE shall:
1>	upon T310 expiry in PSCell; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached; or:
1>	upon consistent LBT failure indication from SCG MAC:
2>	if the indication is from SCG RLC and CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the SCG, i.e. SCG RLF;
3>	initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.

Next change

[bookmark: _Toc20425846]5.7.3	SCG failure information
[bookmark: _Toc20425847]5.7.3.1	General


Figure 5.7.3.1-1: SCG failure information
The purpose of this procedure is to inform E-UTRAN or NR MN about an SCG failure the UE has experienced i.e. SCG radio link failure, failure of SCG reconfiguration with sync, SCG configuration failure for RRC message on SRB3 and SCG integrity check failure.
[bookmark: _Toc20425848]5.7.3.2	Initiation
A UE initiates the procedure to report SCG failures when SCG transmission is not suspended and when one of the following conditions is met:
1>	upon detecting radio link failure for the SCG, in accordance with subclause 5.3.10.3;
1>	upon reconfiguration with sync failure of the SCG, in accordance with subclause 5.3.5.8.3;
1>	upon SCG configuration failure, in accordance with subclause 5.3.5.8.2;
1>	upon integrity check failure indication from SCG lower layers concerning SRB3.
Upon initiating the procedure, the UE shall:
1>	suspend SCG transmission for all SRBs and DRBs;
1>	reset SCG MAC;
1>	stop T304, if running;
1>	if the UE is in (NG)EN-DC:
2>	initiate transmission of the SCGFailureInformationNR message as specified in TS 36.331 [10], clause 5.6.13a.
1>	else:
2>	initiate transmission of the SCGFailureInformation message in accordance with 5.7.3.5.
[bookmark: _Toc20425849][bookmark: _Hlk535948592]5.7.3.3	Failure type determination for (NG)EN-DC
The UE shall set the SCG failure type as follows:
1>	if the UE initiates transmission of the SCGFailureInformationNR message due to T310 expiry:
2>	set the failureType as t310-Expiry;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide reconfiguration with sync failure information for an SCG:
2>	set the failureType as synchReconfigFailure-SCG;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide random access problem indication from SCG MAC:
2>	set the failureType as randomAccessProblem;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message to provide indication from SCG RLC that the maximum number of retransmissions has been reached:
2>	set the failureType as rlc-MaxNumRetx;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message due to SRB3 integrity check failure:
2>	set the failureType as srb3-IntegrityFailure;
1>	else if the UE initiates transmission of the SCGFailureInformationNR message due to Reconfiguration failure of NR RRC reconfiguration message:
2>	set the failureType as scg-reconfigFailure.
[bookmark: _Toc20425850]5.7.3.4	Setting the contents of MeasResultSCG-Failure
The UE shall set the contents of the MeasResultSCG-Failureas follows:
1>	for each MeasObjectNR configured on NR SCG for which a measId is configured and measurement results are available:
2>	include an entry in measResultPerMOList;
2>	if there is a measId configured with the MeasObjectNR and a reportConfig which has rsType set to ssb:
3>	set ssbFrequency to the value indicated by ssbFrequency as included in the MeasObjectNR;
2>	if there is a measId configured with the MeasObjectNR and a reportConfig which has rsType set to csi-rs:
3>	set refFreqCSI-RS to the value indicated by refFreqCSI-RS as included in the associated measurement object;
2>	if a serving cell is associated with the MeasObjectNR:
3>	set measResultServingCell to include the available quantities of the concerned cell and in accordance with the performance requirements in TS 38.133 [14];
2>	set the measResultNeighCellList to include the best measured cells, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected the failure, and set its fields as follows;
3>	ordering the cells with sorting as follows:
4>	based on SS/PBCH block if SS/PBCH block measurement results are available and otherwise based on CSI-RS;
4>	using RSRP if RSRP measurement results are available, otherwise using RSRQ if RSRQ measurement results are available, otherwise using SINR;
3>	for each neighbour cell included:
4>	include the optional fields that are available.
NOTE:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
[bookmark: _Toc20425851]5.7.3.5	Actions related to transmission of SCGFailureInformation message
[bookmark: _Hlk535235606]The UE shall set the contents of the SCGFailureInformation message as follows:
1>	if the UE initiates transmission of the SCGFailureInformation message due to T310 expiry:
2>	set the failureType as t310-Expiry;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide reconfiguration with sync failure information for an SCG:
2>	set the failureType as synchReconfigFailure-SCG;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide random access problem indication from SCG MAC:
2>	set the failureType as randomAccessProblem;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide indication from SCG RLC that the maximum number of retransmissions has been reached:
2>	set the failureType as rlc-MaxNumRetx;
1>	else if the UE initiates transmission of the SCGFailureInformation message to provide indication from SCG MAC that consistent uplink LBT failure has been detected:
2>	set the failureType as lbt-failure;
1>	else if the UE initiates transmission of the SCGFailureInformation message due to SRB3 IP check failure:
2>	set the failureType as srb3-IntegrityFailure;
1>	else if the UE initiates transmission of the SCGFailureInformation message due to Reconfiguration failure of NR RRC reconfiguration message:
2>	set the failureType as scg-reconfigFailure.
1> include and set MeasResultSCG-Failure in accordance with 5.7.3.4;
1>	for each NR frequency the UE is configured to measure by a MeasConfig associate with the MCG and for which measurement results are available:
2>	set the measResultFreqList to include the best measured cells, ordered such that the best cell is listed first using RSRP to order if RSRP measurement results are available for cells on this frequency, otherwise using RSRQ to order if RSRQ measurement results are available for cells on this frequency, otherwise using SINR to order, and based on measurements collected up to the moment the UE detected the failure, and for each cell that is included, include the optional fields that are available;
NOTE:	Field measResultSCG-Failure is used to report available results for NR frequencies the UE is configured to measure by SCG RRC signalling. 
The UE shall submit the SCGFailureInformation message to lower layers for transmission.

Next change

[bookmark: _Toc20425905]–	SCGFailureInformation
The SCGFailureInformation message is used to provide information regarding NR SCG failures detected by the UE.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to Network
SCGFailureInformation message
-- ASN1START
-- TAG-SCGFAILUREINFORMATION-START

SCGFailureInformation ::=                 SEQUENCE {
    criticalExtensions                         CHOICE {
        scgFailureInformation                     SCGFailureInformation-IEs,
        criticalExtensionsFuture                 SEQUENCE {}
    }
}

SCGFailureInformation-IEs ::=             SEQUENCE {
    failureReportSCG                              FailureReportSCG            OPTIONAL,
    nonCriticalExtension                         SEQUENCE {}                  OPTIONAL
}

[bookmark: _Hlk535235836]FailureReportSCG ::=                       SEQUENCE {
    failureType                                    ENUMERATED {
                                                           t310-Expiry, randomAccessProblem,
                                                           rlc-MaxNumRetx,
                                                           synchReconfigFailureSCG, scg-ReconfigFailure,
                                                           srb3-IntegrityFailure,  spare2lbt-failure, spare1},
    measResultFreqList                           MeasResultFreqList                       OPTIONAL,
    measResultSCG-Failure                       OCTET STRING (CONTAINING MeasResultSCG-Failure)                              OPTIONAL,
    ...
}

MeasResultFreqList ::=               SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2NR


-- TAG-SCGFAILUREINFORMATION-STOP
-- ASN1STOP

	[bookmark: _Hlk535235867]SCGFailureInformation field descriptions

	measResultFreqList
The field contains available results of measurements on NR frequencies the UE is configured to measure by measConfig.

	measResultSCG-Failure
The field contains the MeasResultSCG-Failure IE which includes available results of measurements on NR frequencies the UE is configured to measure by the NR SCG RRCReconfiguration message. 



End of RRC changes

Conclusion
[bookmark: _Hlk528066018]Based on the discussion in section 2 we observe and propose the following:
Observation 1	If CA duplication is configured and active and the LCH that triggers RLC max nr of retx is only allowed on SCells, then FailureInformation IE is sent to the gNB to report the RLC failure.
Observation 2	If MCG RLC entity sends the RLC max nr of retx indication, and either CA duplication is not activated or not configured, or if the LCH may be served on PCell, then RLF is declared and the UE goes to IDLE or try RRC reestablishment.
Observation 3	If SCG RLC entity sends the RLC max nr of retx indication, and either CA duplication is not activated or not configured, or if the LCH may be served on PSCell, then SCG RLF is declared and the SCGFailureInformation IE is sent to the gNB to report the SCG RLF.
Observation 4	The RLC failure reporting and RLC RLF handling can be reused for the consistent uplink LBT failure reporting and recovery.
Observation 5	In the NR-U running MAC CR, the MAC entity sends indications to upper layers for PCell and PSCell when consistent UL LBT failure is detected on N BWPs.
Observation 6	The upper layer RRC handling for consistent UL LBT failures remains to be captured.
Proposal 1	Adopt the two RRC 5.3.10.3 text proposals above to trigger consistent LBT failure handling in RRC for PCell and PSCell respectively.
Observation 7	The proposal above allows MAC to detect consistent LBT failures and to indicate this to upper layers. In RRC this indication will trigger the correct RLF and SCG RLF recovery actions that were already defined for RLC RLF handling.
Observation 8	When SCG RLF is detected, it is reported by sending the SCGFailureInformation IE to the gNB.
Proposal 2	Define a new value lbt-failure for the failureType field of the SCGFailureInformation IE, and introduce procedural text to set this value in 5.7.3.5 in RRC spec.
Proposal 3	When UE reaches CONNECTED mode after an RLF event, as in LTE, the UE indicates that it has an RLF report (that the gNB may poll for). The UE can include a new failure cause in the RLF report indicating that the RLF was triggered due to occurrence of consistent UL LBT failures. Details are related to NR_SON_MDT-Core WI and left FFS.
Proposal 4	When a MAC entity declares consistent UL LBT failure on an SCell, indicate consistent UL LBT failure to upper layers.
Proposal 5	In RRC, support LBT failure reporting on SCells using the FailureInformation IE similar to RLC failure reporting on SCells.
Proposal 6	When MAC entity switches BWP due to consistent LBT failures, FailureInformation IE is sent to inform gNB of the reason for BWP switching.
Observation 9	MAC CE Proposal needed: The new MAC CE (e.g., named as UL LBT Failure Indication MAC CE) contains the index of the Serving Cell in which consistent UL LBT failures has been detected.
Observation 10	MAC CE Proposal needed: BWP index is not needed in the new MAC CE.
Observation 11	If there is available UL grant in any serving cell for a new transmission, the UE will include a new MAC CE in the subsequent uplink transmission in endorsed running MAC CR.
Observation 12	MAC CE Proposal needed: If there is no UL grant available, the UE shall not trigger a scheduling request to request new UL resource for the new MAC CE.
Observation 13	MAC CE Proposal needed: If there are multiple UL grants available, it is up to UE implementation how to select a grant for transmission of the new MAC CE, that is no spec change.
Observation 14	MAC CE Proposal needed: The new MAC CE is prioritized higher than Configured Grant Confirmation MAC CE, and with lower priority than the C-RNTI MAC CE.
Observation 15	MAC CE Proposal needed: Highest prio CAPC shall be used for the new MAC CE.
Observation 16	MAC CE Proposal needed: For the SpCell, the UE trigger the new MAC CE to indicate occurrence of consistent UL LBT failures in the SpCell during the RACH procedure.
Observation 17	There must be strong motivation for RAN2 to not reuse the existing RLC failure mechanism that was partly prepared for extensions like LBT failure reporting.
Proposal 7	Revert the agreement to report SCell consistent UL LBT failures with a MAC CE and instead use the existing RRC reporting.
Proposal 8	Adopt he RRC based consistent LBT failure reporting on SCells as described in section 2.3.1 above. Adopt the text proposals in section 3.
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