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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#108, RAN2 has made below agreements regarding UL LBT failure handling.
Agreements:
1. UE can trigger SR if there is no available UL resources for sending the MAC CE for SCell UL LBT problem, using the same framework as BFR.
1. MAC CE for UL LBT problem has higher priority than data but lower priority than the BFR MAC CE.
1. The MAC CE should be transmitted on a different serving cell other than the SCell which has the UL LBT problem
1. The MAC CE can report multiple failed Cells.   The MAC CE format should support multiple entries to indicate all the Cells which have already declared consistent UL LBT failure.   UL LBT MAC CE includes Cell index(s) where UL LBT failure occurs.  
1. As a baseline, the format of the LBT failure MAC CE is a bitmap to indicate if corresponding serving cell has declared consistent LBT failure.
1. Cancel the consistent LTB failure for a serving cell (or BWP(s)) (i.e. do not consider Cell as having LBT failure) upon UE successfully transmit a LBT failure MAC CE indicating the serving cell.  FFS what successfully transmission means (i.e. ideally align with BFR unless there are some issues).
1. When consistent UL LBT failure is declared on SpCell, UE triggers MAC CE to indicate where failure happened.  The MAC CE is sent on the BWP that the UE switched to during RA procedure.  
1. FFS When UE switches to another BWP and initiate RACH upon declaration of consistent LBT failure on SpCell, ONLY RACH is initiated.  
1. A new failure type for PSCell consistent UL LBT failure is added in the SCGFailureInformation. 
1. No new re-establishment cause is introduced in the RRC re-establishment message.  “Other” failure will be used


From above agreements, the below remaining issues are observed with respect to the LBT failure MAC CE.
Issue 1.the detailed LBT failure MAC CE format need to be defined given that a bitmap will be used to indicate if corresponding serving cells have detected consistent UL LBT failure.
Issue 2. how to cancel triggered consistent LBT failure for a serving cell (or BWPs)? This is related to one FFS highlighted above, i.e., 
1. FFS what successfully transmission means (i.e. ideally align with BFR unless there are some issues).

Issue 3. clarification on UE behaviours when UE switches to another BWP with RA resources upon declaration of consistent LBT failure on SpCell. This is related to one FFS highlighted above.
In addition, we have also identified the following issue listed below:
Issue 5:  what is the priority order of the UL LBT failure MAC CE compared to PHR, or BSR MAC CE?
In this paper we discuss the above remaining issues by incorporating the above RAN2 agreements. 
[bookmark: _Ref1046415]Discussions
Issue 1 – LBT Failure MAC CE format
RAN2 has agreed to apply a bitmap in the LBT failure MAC CE to indicate if corresponding serving cells have detected consistent LBT failure. The remaining issue for the MAC CE would be to determine the length of the bitmap field. 
The length of the bitmap would be equal to either 1 or 4 octets given that a UE can be configured with either 8 or 32 CCs in a CA scenario as in NR Rel-15. However, it would require RAN2 to define two new LCIDs for the MAC CE if the MAC CE supports both 1 octet bitmap and 4 octets bitmap. Instead, it would be enough to only support 4 octets for the bitmap field even if that would occupy 3 more octets for a UE with 8 CCs configured. Give facts that
1) Given the large bandwidth available in the unlicensed spectrum, shortage of bandwidth should not be a concern in this scenario. 
2) The occurrence frequency of consistent UL LBT failure should be  very low in typical deployment scenarios
We don’t believe it is a big issue for the UE to use 3 more octets to transmit the MAC CE.

[bookmark: _Toc29887704][bookmark: _Toc32513591][bookmark: _Toc32519561][bookmark: _Toc32521971][bookmark: _Toc32522082]Support only 4 octet bitmap size for the LBT Failure MAC CE.  

Issue 2 – Cancellation of the LBT failure event
With respect to the cancelling rules for triggered consistent LBT failure for a cell (or BWPs), there are three expected alternatives on when the UE shall cancel the triggered consistent LBT failure in the BWP/cell:

Alternative 1: Upon transmission of a corresponding LBT failure MAC CE.
Alternative 2: same approach as in the BFR MAC CE agreed in the eMIMO WI, i.e., the UE cancels LBT failure MAC CE upon reception of a HARQ ACK for the HARQ process which is used for transmission of the MAC CE
Alternative 3: Upon receiving from the gNB a message implicitly indicating that the consistent LBT failure in the cell (or BWPs) has been addressed.

With Alternative 1, after transmission of the LBT failure MAC CE which indicates the cell (or BWPs), the UE would assume that the gNB has received the failure indication. Such cancelling rule is simple, however, the transmission of the MAC CE may be failed due to interference so that the gNB may not really receive the MAC CE. As a consequence, the UE may assume that the gNB has somehow solved the LBT problem in the problematic cell, even if this is not the case, and it could start using again such problematic cell. Therefore, the UE may still experience LBT failures in such cell and eventually trigger again the consistent LBT failure. 

With Alternative 2, the UE would cancel the triggered consistent LBT failure in case the gNB has received the MAC CE, i.e. after the UE receives the ACK for the MAC PDU containing the consistent LBT failure MAC CE. However, we note that also this alternative may cause the UE to cancel the consistent LBT failure too early, i.e. before the gNB has performed any recovery action for the UE in the problematic cell. Therefore, similar to alternative 1, the UE upon canceling the consistent LBT failure in an SCell, may start to resume retransmissions in the SCell. If the SCell is not recovered yet, the UE would trigger consistent LBT failure again for the same SCell. 

With Alternative 3, the triggered consistent LBT failure will be only cancelled when the UE has received an implicit message indicating the LBT failure has been addressed by the gNB for the problematic cell/BWP. The UE may have a possibility to retransmit the LBT failure MAC CE prior to reception of such message, in order to compensate possible losses of the MAC CE. 

We think it is more reasonable to adopt Alternative 3, since it can avoid that triggered consistent LBT failure is cancelled in case of transmission failure for the LBT failure MAC CE.  

[bookmark: _Toc29887705][bookmark: _Toc32513592][bookmark: _Toc32519562][bookmark: _Toc32521972][bookmark: _Toc32522083]Triggered consistent LBT failure in a cell (or BWPs) is cancelled by the UE only when the gNB has performed some actions for the problematic cell (or BWP).  

For SpCell, the UE initiates a RA procedure upon detection of consistent LBT failure. In this case, successful completion of the RA procedure implies that the UE can switch to another BWP and that implies that the network has acknowledged the BWP switch.
 
[bookmark: _Toc29887706][bookmark: _Toc32513593][bookmark: _Toc32519563][bookmark: _Toc32521973][bookmark: _Toc32522084]For SpCell, triggered consistent LBT failure in one BWP is cancelled when the UE has completed the RA procedure successfully in another BWP of the SpCell, i.e., reception of a PDCCH addressed to C-RNTI. 

While for an SCell, in case consistent LBT failure is detected in a BWP, the LBT failure MAC CE will be transmitted in a different cell in which consistent LBT failure is not detected. When the gNB receives the corresponding MAC CE, the gNB may for example perform some of the below actions on the problematic SCell, e.g.:

1) initiate a BWP switch for the UE in the problematic SCell if there is another BWP available for the UE. 
2) Deactivate the problematic SCell, e.g. if consistent LBT failure has been detected in all BWPs.
3) Reconfiguration of the problematic SCell.

Therefore, the UE cancels triggered consistent LBT failure in the SCell when the UE receives either of above recovery actions.

Additionally, we also note that the network may perform the above actions for several UEs, not only for those UEs that sent the MAC CE. For example, the network upon receiving some consistent LBT failure MAC CEs may decide to deactivate this cell or to perform a BWP switch for several UEs as soon as possible in order to minimize LBT failures. Therefore, we should also consider the case in which some UEs may recover from the consistent LBT failure thanks to network actions, without necessarily sending the MAC CE which could be delayed by LBT failures. If a UE does not cancel the triggered consistent LBT failure event upon receiving e.g. a BWP switch command for the problematic SCell, the UE may send anyhow the MAC CE in a non-problematic SCell, thereby possibly deceiving the gNB. In fact, the gNB upon receiving such MAC CE may think that even the newly activated BWP in the problematic SCell is affected by LBT failures, even though the received MAC CE was actually referring to the old BWP in the problematic SCell.

Therefore, if a UE does not cancel the consistent LBT failure event, upon receiving the above recovery actions, the MAC CE may convey misleading information related to an LBT failure event in a cell/BWP for which the network maybe have already provided necessary recovery actions.

[bookmark: _Toc32513594][bookmark: _Toc32519564][bookmark: _Toc32521974][bookmark: _Toc32522085]The MAC CE may convey misleading information, since before successfully transmitting the MAC CE, the network may have already tried to restore the problematic BWP/SCell.

[bookmark: _Toc29887707][bookmark: _Toc32513595][bookmark: _Toc32519565][bookmark: _Toc32521975][bookmark: _Toc32522086]For an SCell, a triggered consistent LBT failure is cancelled when the UE has received any of the below commands for the SCell
0. [bookmark: _Toc29887708][bookmark: _Toc32513596][bookmark: _Toc32519566][bookmark: _Toc32521976][bookmark: _Toc32522087]A BWP switch for the SCell
0. [bookmark: _Toc32513597][bookmark: _Toc32519567][bookmark: _Toc32521977][bookmark: _Toc32522088][bookmark: _Toc29887709]Deactivation of the SCell
0. [bookmark: _Toc32513598][bookmark: _Toc32519568][bookmark: _Toc32521978][bookmark: _Toc32522089]Reconfiguration of the SCell 

In addition, in order to avoid state misalignment between UE and gNB, it is beneficial for the UE to cancel triggered LBT failure for a cell/BWP in case the UE has performed MAC reset, MAC reconfiguration upon reception of the gNB signalling. Therefore, we make below proposal.

[bookmark: _Toc32513599][bookmark: _Toc32519569][bookmark: _Toc32521979][bookmark: _Toc32522090]For any serving cell, triggered consistent LBT failure should be cancelled when the UE has received either of below recovery actions for the cell
0. [bookmark: _Toc32513600][bookmark: _Toc32519570][bookmark: _Toc32521980][bookmark: _Toc32522091]MAC reconfiguration affecting the cell
0. [bookmark: _Toc32513601][bookmark: _Toc32519571][bookmark: _Toc32521981][bookmark: _Toc32522092]MAC reset affecting the cell
Issue 3 – UE transmission behaviours during a BWP switch 
In NR Rel-15, upon trigger of a RA by a UE, if there is no RA occasion configured in the current active BWP, the UE can switch to the initial BWP and perform RA. It is only RA allowed in this case.
Upon detection of consistent LBT failure in the current active BWP on SpCell, the UE switches to another BWP with RA resource available and initiates a RA procedure in that BWP. It is left to the gNB to decide on whether the UE shall use this selected BWP or another BWP. If the gNB decides to assign a different BWP to the UE, the gNB can send the UE a DCI indicating the new BWP. Therefore, the UE shall only initiate a RA in the new BWP during the BWP switch procedure. The other transmissions from the UE except the RA in the new BWP shall not be allowed since the gNB is not aware of those transmissions, therefore this may cause unnecessary inference to other UEs. 
[bookmark: _Toc29887710][bookmark: _Toc32513602][bookmark: _Toc32519572][bookmark: _Toc32521982][bookmark: _Toc32522093]Upon detection of consistent LBT failure in a BWP on SpCell, the UE switches to another configured BWP and it is only allowed to initiate a RA in that BWP, until the consistent LBT failure is cancelled.

Issue 5 - Priority order of the UL LBT failure MAC CE
The LBT failure MAC CE 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;
-	Beam failure indicator MAC CE
-                      UL LBT Failure 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
[bookmark: _Toc29550504][bookmark: _Toc29887712][bookmark: _Toc32513603][bookmark: _Toc32519573][bookmark: _Toc32521983][bookmark: _Toc32522094]UL LBT failure MAC CE has higher priority than Configured Grant Confirmation MAC CE, and lower priority than the C-RNTI MAC CE and Beam failure indicator MAC CE.  


[bookmark: _Toc11154933][bookmark: _Toc11154950][bookmark: _Toc14944821][bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079][bookmark: _Ref23802823][bookmark: _Ref24033021]Text proposals to the MAC spec 
MAC changes are based on the Running MAC CR [1]. 

Changes for the issue - LBT Failure MAC CE format
[bookmark: _Toc20428297][bookmark: _Toc20428329]
6.1.3.XX	LBT failure MAC CE
The LBT failure MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-2. It has a fixed size and consists of four octets containing 32 C-fields as follows (Figure 6.1.3.XX-1):
-	Ci: If there is a Serving Cell configured for the MAC entity with ServCellIndex i as specified in TS 38.331 [5] and if consistent LBT failure have been triggered and not cancelled in this Serving Cell, the field is set to 1, otherwise the field is set to 0.


Figure 6.1.3.XX-1: LBT failure MAC CE
Editor’s Note: This is a baseline, changes are not precluded. 
This formulation cover the case of two MAC entities configured where there is no need to have communication between the two MAC entities. This implements the agreements 
“The MAC CE can report multiple failed Cells.   The MAC CE format should support multiple entries to indicate all the Cells which have already declared consistent UL LBT failure.   UL LBT MAC CE includes Cell index(s) where UL LBT failure occurs.” and 
“As a baseline, the format of the LBT failure MAC CE is a bitmap to indicate if corresponding serving cell has declared consistent LBT failure.”
	

Changes for the issue – Cancellation of consistent LBT failure
5.X	LBT operation
5.X.1 General
[bookmark: _Hlk19108061][bookmark: _Hlk23463542]The lower layer may perform an LBT procedure, according to which a transmission is not performed if the channel is identified as being occupied. When lower layer performs an LBT procedure before a transmission and the transmission is not performed, an LBT failure indication is sent to the MAC entity from lower layers. Unless otherwise specified, when LBT procedure is performed, actions related to "is transmitted" and "transmission is performed" shall not be performed if an LBT failure indication is received from lower layers.
Editor’s Note: This introduces LBT procedures and implements the last part of agreement “As earlier agreed, The POWER_RAMPING_COUNTER is not increased if the preamble is not transmitted due to LBT failure. For this purpose LBT failure indication or equiv. (used for other LBT outcome dependencies) from PHY is used.” and agreement “MAC relies on reception of a notification of UL LBT failure from the physical layer to detect a consistent UL LBT failure”.
5.X.2 LBT failure detection and recovery procedure
[bookmark: _Hlk19608713]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 variable is 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>	trigger consistent LBT failure for the active UL BWP in this Serving Cell;
[bookmark: _Hlk26362676]3>	if this Serving Cell is the SpCell:
4>	if consistent LBT failure has been triggered 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 triggered;
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.
The MAC entity shall:
1>	if consistent LBT failure has been triggered, and not cancelled, in the SpCell; and
1>	if UL-SCH resources are available for a new transmission in the SpCell and these UL-SCH resources can accommodate the LBT failure MAC CE plus its subheader as a result of logical channel prioritization:
2>	instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE.
Editor’s Note: This captures the agreement 
“When consistent UL LBT failure is declared on SpCell, UE triggers MAC CE to indicate where failure happened.  The MAC CE is sent on the BWP that the UE switched to during RA procedure.”
1>	else if consistent LBT failure has been triggered, and not cancelled, in at least one SCell:
2>	if UL-SCH resources are available for a new transmission in a Serving Cell for which consistent LBT failure has not been triggered and these UL-SCH resources can accommodate the LBT failure MAC CE plus its subheader as a result of logical channel prioritization:
Editor’s Note: Above line captures the agreement 
“The MAC CE should be transmitted on a different serving cell other than the SCell which has the UL LBT problem”.
3>	instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE.
2>	else:
3>	trigger a Scheduling Request for LBT failure MAC CE.
Editor’s Note: This captures the 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”
and the agreement
“UE can trigger SR if there is no available UL resources for sending the MAC CE for SCell UL LBT problem, using the same framework as BFR.”
[bookmark: _Hlk27579438]1>	if a MAC PDU is transmitted, regardless of LBT failure indication from lower layers, and this PDU includes the LBT failure MAC CE:
2>	cancel the triggered consistent LBT failure(s) in the Serving Cell(s) indicating consistent LBT failure in the transmitted LBT failure MAC CE.
[bookmark: _Hlk26864189]Editor’s Note: FFS if this cancellation is enough, and if cancelling in 5.9, 5.11, 5.12 and 5.15 is needed. This is aligned with the BFR cancellation in eMIMO WI and the already agreed BSR cancelation for NR-U. This implements the agreement 
“Cancel the consistent LTB failure for a serving cell (or BWP(s)) (i.e. do not consider Cell as having LBT failure) upon UE successfully transmit a LBT failure MAC CE indicating the serving cell.  FFS what successfully transmission means (i.e. ideally align with BFR unless there are some issues).”
Editor’s Note: Here we expect some procedure text to capture the agreement 
“FFS When UE switches to another BWP and initiate RACH upon declaration of consistent LBT failure on SpCell, ONLY RACH is initiated.”
and avoid transmitting PUCCH; SRS; and CG, in an UL BWP that the UE has autonomously switched to before the gNB is aware of the BWP switch.

[bookmark: _Toc20428308][bookmark: _Toc20428311][bookmark: _Toc20428314]5.9	Activation/Deactivation of SCells
If the MAC entity is configured with one or more SCells, the network may activate and deactivate the configured SCells. Upon configuration of an SCell, the SCell is deactivated. Declared consistent LBT failure, if any, is cancelled for the SCell.
The configured SCell(s) is activated and deactivated by:
-	receiving the SCell Activation/Deactivation MAC CE described in clause 6.1.3.10;
-	configuring sCellDeactivationTimer timer per configured SCell (except the SCell configured with PUCCH, if any): the associated SCell is deactivated upon its expiry.
The MAC entity shall for each configured SCell:
1>	if an SCell Activation/Deactivation MAC CE is received activating the SCell:
2>	activate the SCell according to the timing defined in TS 38.213 [6]; i.e. apply normal SCell operation including:
3>	SRS transmissions on the SCell;
3>	CSI reporting for the SCell;
3>	PDCCH monitoring on the SCell;
3>	PDCCH monitoring for the SCell;
3>	PUCCH transmissions on the SCell, if configured.
2>	if the SCell was deactivated prior to receiving this SCell Activation/Deactivation MAC CE:
3>	activate the DL BWP and UL BWP indicated by firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id respectively;
2>	start or restart the sCellDeactivationTimer associated with the SCell according to the timing defined in TS 38.213 [6];
2>	(re-)initialize any suspended configured uplink grants of configured grant Type 1 associated with this SCell according to the stored configuration, if any, and to start in the symbol according to rules in clause 5.8.2;
2>	trigger PHR according to clause 5.4.6.
1>	else if an SCell Activation/Deactivation MAC CE is received deactivating the SCell; or
1> if the sCellDeactivationTimer associated with the activated SCell expires:
2> cancel, if any, declared consistent LBT failure for the SCell.
2>	deactivate the SCell according to the timing defined in TS 38.213 [6];
2>	stop the sCellDeactivationTimer associated with the SCell;
2>	stop the bwp-InactivityTimer associated with the SCell;
2>	deactivate any active BWP associated with the SCell;
2>	clear any configured downlink assignment and any configured uplink grant Type 2 associated with the SCell respectively;
2>	clear any PUSCH resource for semi-persistent CSI reporting associated with the SCell;
2>	suspend any configured uplink grant Type 1 associated with the SCell;
2>	flush all HARQ buffers associated with the SCell.
1>	if PDCCH on the activated SCell indicates an uplink grant or downlink assignment; or
1>	if PDCCH on the Serving Cell scheduling the activated SCell indicates an uplink grant or a downlink assignment for the activated SCell; or
1>	if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:
2>	restart the sCellDeactivationTimer associated with the SCell.
Editor’s Note: The impact of the agreement “Upon UL transmission on configured grant, sCellDeactivationTimer is restarted as today (i.e. at LBT success)” is captured here according to definition in 5.X.
1>	if the SCell is deactivated:
2>	not transmit SRS on the SCell;
2>	not report CSI for the SCell;
2>	not transmit on UL-SCH on the SCell;
2>	not transmit on RACH on the SCell;
2>	not monitor the PDCCH on the SCell;
2>	not monitor the PDCCH for the SCell;
2>	not transmit PUCCH on the SCell.
HARQ feedback for the MAC PDU containing SCell Activation/Deactivation MAC CE shall not be impacted by PCell, PSCell and PUCCH SCell interruptions due to SCell activation/deactivation in TS 38.133 [11].
When SCell is deactivated, the ongoing Random Access procedure on the SCell, if any, is aborted.

5.12	MAC Reset
If a reset of the MAC entity is requested by upper layers, the MAC entity shall:
1>	initialize Bj for each logical channel to zero;
1>	stop (if running) all timers;
1>	consider all timeAlignmentTimers as expired and perform the corresponding actions in clause 5.2;
1>	set the NDIs for all uplink HARQ processes to the value 0;
1>	stop, if any, ongoing RACH procedure;
1>	discard explicitly signalled contention-free Random Access Resources, if any;
1>	flush Msg3 buffer;
1>	cancel, if any, triggered Scheduling Request procedure;
1>	cancel, if any, triggered Buffer Status Reporting procedure;
1>	cancel, if any, triggered Power Headroom Reporting procedure;
1>	cancel, if any, declared consistent LBT failure;
1>	cancel, if any, declared consistent LBT failure;
1>	flush the soft buffers for all DL HARQ processes;
1>	for each DL HARQ process, consider the next received transmission for a TB as the very first transmission;
1>	release, if any, Temporary C-RNTI;
1>	reset BFI_COUNTER.
1>	reset LBT_COUNTER.

5.15	Bandwidth Part (BWP) operation
In addition to clause 12 of TS 38.213 [6], this clause specifies requirements on BWP operation.
A Serving Cell may be configured with one or multiple BWPs, and the maximum number of BWP per Serving Cell is specified in TS 38.213 [6].
The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching is controlled by the PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure or upon detection of consistent uplink LBT failure on SpCell. Upon RRC (re-)configuration of firstActiveDownlinkBWP-Id and/or firstActiveUplinkBWP-Id for SpCell or activation of an SCell, the DL BWP and/or UL BWP indicated by firstActiveDownlinkBWP-Id and/or firstActiveUplinkBWP-Id respectively (as specified in TS 38.331 [5]) is active without receiving PDCCH indicating a downlink assignment or an uplink grant. The active BWP for a Serving Cell is indicated by either RRC or PDCCH (as specified in TS 38.213 [6]). For unpaired spectrum, a DL BWP is paired with a UL BWP, and BWP switching is common for both UL and DL.
Editor’s Note: Above impact from agreement “UL LBT failures are detected per BWP”,
For each activated Serving Cell configured with a BWP, the MAC entity shall:
1>	if a BWP is activated:
2>	transmit on UL-SCH on the BWP;
[bookmark: _Hlk26363188]2>	transmit on RACH on the BWP, if PRACH occasions are configured;
[bookmark: _Hlk26363365][bookmark: _Toc20428353]2>	monitor the PDCCH on the BWP;
2>	transmit PUCCH on the BWP, if configured;
2>	report CSI for the BWP;
2>	transmit SRS on the BWP, if configured;
2>	receive DL-SCH on the BWP;
2>	(re-)initialize any suspended configured uplink grants of configured grant Type 1 on the active BWP according to the stored configuration, if any, and to start in the symbol according to rules in clause 5.8.2.
2>	if consistent LBT failure recovery is configured:
[bookmark: _Hlk26363408]3>	stop the lbt-FailureDetectionTimer, if running;
3>	set LBT_COUNTER to 0;
3>	monitor LBT failure indications from lower layers as specified in clause 5.X.2.
1>	if a BWP is deactivated:
2>	not transmit on UL-SCH on the BWP;
2>	not transmit on RACH on the BWP;
2>	not monitor the PDCCH on the BWP;
2>	not transmit PUCCH on the BWP;
2>	not report CSI for the BWP;
2>	not transmit SRS on the BWP;
2>	not receive DL-SCH on the BWP;
2>	clear any configured downlink assignment and configured uplink grant of configured grant Type 2 on the BWP;
2>	suspend any configured uplink grant of configured grant Type 1 on the inactive BWP;
2>	not monitor LBT failure indications from lower layers.
Editor’s Note: Impact on BWP activation and deactivation are due to the agreements on the LBT failure recovery mechanism at RAN2#107bis.
Upon initiation of the Random Access procedure on a Serving Cell, after the selection of carrier for performing Random Access procedure as specified in clause 5.1.1, the MAC entity shall for the selected carrier of this Serving Cell:
1>	if PRACH occasions are not configured for the active UL BWP:
2>	switch the active UL BWP to BWP indicated by initialUplinkBWP;
2>	if the Serving Cell is an SpCell:
3>	switch the active DL BWP to BWP indicated by initialDownlinkBWP.
1>	else:
2>	if the Serving Cell is an SpCell:
3>	if the active DL BWP does not have the same bwp-Id as the active UL BWP:
4>	switch the active DL BWP to the DL BWP with the same bwp-Id as the active UL BWP.
1>	stop the bwp-InactivityTimer associated with the active DL BWP of this Serving Cell, if running.
1>	if the Serving Cell is SCell:
2>	stop the bwp-InactivityTimer associated with the active DL BWP of SpCell, if running.
1>	perform the Random Access procedure on the active DL BWP of SpCell and active UL BWP of this Serving Cell.
If the MAC entity receives a PDCCH for BWP switching of a Serving Cell, the MAC entity shall:
1>	if there is no ongoing Random Access procedure associated with this Serving Cell; or
1>	if the ongoing Random Access procedure associated with this Serving Cell is successfully completed upon reception of this PDCCH addressed to C-RNTI (as specified in clauses 5.1.4 and 5.1.5):
2> cancel, if any, declared any consistent LBT failure for this serving cell
2>	perform BWP switching to a BWP indicated by the PDCCH.
If the MAC entity receives a PDCCH for BWP switching for a Serving Cell while a Random Access procedure associated with that Serving Cell is ongoing in the MAC entity, it is up to UE implementation whether to switch BWP or ignore the PDCCH for BWP switching, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful Random Access procedure completion (as specified in clauses 5.1.4 and 5.1.5) in which case the UE shall perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for BWP switching other than successful contention resolution, if the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure after performing the BWP switching; if the MAC decides to ignore the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access procedure on the Serving Cell.
Upon reception of RRC (re-)configuration for BWP switching for a Serving Cell while a Random Access procedure associated with that Serving Cell is ongoing in the MAC entity, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure after performing the BWP switching.
The MAC entity shall for each activated Serving Cell configured with bwp-InactivityTimer:
1>	if the defaultDownlinkBWP-Id is configured, and the active DL BWP is not the BWP indicated by the defaultDownlinkBWP-Id; or
1>	if the defaultDownlinkBWP-Id is not configured, and the active DL BWP is not the initialDownlinkBWP:
2>	if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on the active BWP; or
2>	if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received for the active BWP; or
2>	if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:
3>	if there is no ongoing Random Access procedure associated with this Serving Cell; or
3>	if the ongoing Random Access procedure associated with this Serving Cell is successfully completed upon reception of this PDCCH addressed to C-RNTI (as specified in clauses 5.1.4 and 5.1.5):
4>	start or restart the bwp-InactivityTimer associated with the active DL BWP.
Editor’s Note: The impact of the agreement “Upon UL transmission on configured grant, bwp-InactivityTimer is restarted as today (i.e. at LBT success)” is captured here due to definition in 5.X.
2>	if the bwp-InactivityTimer associated with the active DL BWP expires:
3>	if the defaultDownlinkBWP-Id is configured:
4>	perform BWP switching to a BWP indicated by the defaultDownlinkBWP-Id.
3>	else:
4>	perform BWP switching to the initialDownlinkBWP.
NOTE:	If a Random Access procedure is initiated on an SCell, both this SCell and the SpCell are associated with this Random Access procedure.
1>	if a PDCCH for BWP switching is received, and the MAC entity switches the active DL BWP:
2>	if the defaultDownlinkBWP-Id is configured, and the MAC entity switches to the DL BWP which is not indicated by the defaultDownlinkBWP-Id; or
2>	if the defaultDownlinkBWP-Id is not configured, and the MAC entity switches to the DL BWP which is not the initialDownlinkBWP:
3>	start or restart the bwp-InactivityTimer associated with the active DL BWP.

Changes for the issue – Priority order of the LBT failure MAC CE
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;
     -    Beam failure indicator MAC CE
 -    LBT failure 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;
-	LBT failure 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.
Editor’s Note: This capture the agreement “MAC CE for UL LBT problem has higher priority than data but lower priority than the BFR MAC CE.”.

End of MAC changes

Conclusion
[bookmark: _Hlk528066018]Based on the discussion in section 2 we observe and propose the following:
Proposal 1	Support only 4 octet bitmap size for the LBT Failure MAC CE.
Proposal 2	Triggered consistent LBT failure in a cell (or BWPs) is cancelled by the UE only when the gNB has performed some actions for the problematic cell (or BWP).
Proposal 3	For SpCell, triggered consistent LBT failure in one BWP is cancelled when the UE has completed the RA procedure successfully in another BWP of the SpCell, i.e., reception of a PDCCH addressed to C-RNTI.
Observation 1	The MAC CE may convey misleading information, since before successfully transmitting the MAC CE, the network may have already tried to restore the problematic BWP/SCell.
Proposal 4	For an SCell, a triggered consistent LBT failure is cancelled when the UE has received any of the below commands for the SCell
a.	A BWP switch for the SCell
b.	Deactivation of the SCell
c.	Reconfiguration of the SCell
Proposal 5	For any serving cell, triggered consistent LBT failure should be cancelled when the UE has received either of below recovery actions for the cell
a.	MAC reconfiguration affecting the cell
b.	MAC reset affecting the cell
Proposal 6	Upon detection of consistent LBT failure in a BWP on SpCell, the UE switches to another configured BWP and it is only allowed to initiate a RA in that BWP, until the consistent LBT failure is cancelled.
Proposal 7	UL LBT failure MAC CE has higher priority than Configured Grant Confirmation MAC CE, and lower priority than the C-RNTI MAC CE and Beam failure indicator MAC CE.
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