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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 DL transmissions, a UE may miss the reception of RLM RSs. 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#107, RAN2 has made below agreements regarding UL LBT failure handling.
· L2 LBT failure mechanism take into account any LBT failure regardless UL transmission type. 
· The UL LBT failure mechanism will have the same recovery mechanism for all failures regardless UL transmission type
· UL LBT failures are detected per BWP
· The UE will report the occurrence of consistent UL LBT failures on PSCell and SCells. The assumption is to reuse SCell failure reporting for BF


Baseline Mechanism, further enhancements not precluded: 
· A “threshold” for the maximum number of LBT failures which triggers the “consistent” LBT failure event will be used. 
· Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens
· The timer is started/restarted when UL LBT failure occur. 
 
From above agreements, it is observed that a BFD like mechanism is used as the baseline for detection of consistent UL LBT failures. One remaining issue for detection of UL LBT failures is to define detailed detection procedure. 
In addition, 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 details.  
In this paper we discuss the above remaining issues by incorporating the above RAN2 agreements. The discussions focus on the UL transmissions and the DL transmissions.
[bookmark: _Ref1046415]Discussions
Detection of UL LBT failures
In RAN2#107, the BFD like mechanism has been agreed as the baseline for detection of UL LBT failures.  The BFD procedure has been defined in NR Rel-15. It would reduce the work efforts for RAN2 to design detection mechanism for UL LBT failures on top of the BFD procedure.  As expressed by other companies, there may be some other issues which can lead to further enhancements. They can be left to be studied in future releases. 
Therefore, we make the below proposal.

[bookmark: _Toc1047899][bookmark: _Toc1078906][bookmark: _Toc3982522][bookmark: _Toc6401819][bookmark: _Toc6478687][bookmark: _Toc6478713][bookmark: _Toc7597796][bookmark: _Toc7680790][bookmark: _Toc7717980][bookmark: _Toc7736586][bookmark: _Toc10808765][bookmark: _Toc14942162][bookmark: _Toc16068676][bookmark: _Toc16688015][bookmark: _Toc16700577][bookmark: _Toc16717708][bookmark: _Toc16789591][bookmark: _Toc16803522][bookmark: _Toc20816060][bookmark: _Toc20954591][bookmark: _Toc20954604][bookmark: _Toc20954617][bookmark: _Toc20954630][bookmark: _Toc20995516][bookmark: _Toc21002327][bookmark: _Toc21007398][bookmark: _Toc21007695][bookmark: _Toc21031588][bookmark: _Toc21031679][bookmark: _Toc21032195]The agreed baseline mechanism for how to detect UL LBT failure is sufficient in Rel-16.  Further enhancements can be left for future releases.

Recovery actions upon detection of UL LBT failures
RAN2 has agreed to maintain the procedure per BWP. The UE may be configured with several BWPs, UL LBT failure handling should be operated per BWP, since different BWP may have different state of channel occupancy. 
[bookmark: _Toc7736090]UL LBT failure handling is maintained per BWP.  
The UE shall maintain a timer and a counter for every BWP. Whenever the UE switches to a different BWP.   The UE shall use the timer and the counter in the new active BWP for detection of UL LBT failures. At the same time, it is reasonable to reset the timer and the counter in the de-activated BWP.
[bookmark: _Toc20816062][bookmark: _Toc20954592][bookmark: _Toc20954605][bookmark: _Toc20954618][bookmark: _Toc20954631][bookmark: _Toc20995517][bookmark: _Toc21002328][bookmark: _Toc21007399][bookmark: _Toc21007696][bookmark: _Toc21031589][bookmark: _Toc21031680][bookmark: _Toc21032196]The counter and the timer for LBT failure handling in a de-activated BWP should be reset after a BWP switch.
If the active BWP comprises several LBT subbands, it is sufficient for the UE to keep a common counter across LBT subbands with the same BWP. In other words, an UL LBT problem is only declared in case the number of LBT failures from all LBT subbands has reached a predefined counter. 
[bookmark: _Toc10808770][bookmark: _Toc14942167][bookmark: _Toc16068681][bookmark: _Toc16688020][bookmark: _Toc16700582][bookmark: _Toc16717713][bookmark: _Toc16789596][bookmark: _Toc16803527][bookmark: _Toc20816063][bookmark: _Toc20954593][bookmark: _Toc20954606][bookmark: _Toc20954619][bookmark: _Toc20954632][bookmark: _Toc20995518][bookmark: _Toc21002329][bookmark: _Toc21007400][bookmark: _Toc21007697][bookmark: _Toc21031590][bookmark: _Toc21031681][bookmark: _Toc21032197]The UE keeps one common counter for all LBT subbands within a BWP.

If the UE experiences LBT problems in its current active BWP, it is beneficial for the UE to switch to another BWP prior to triggering of a RLF. As one option, the UE may initiate a RA on an inactive BWP. If there are no PRACH occasions configured on any inactive BWP, the UE can switch to the initial BWP to start a RACH procedure.  
Upon reception of the RA, the gNB can decide if the UE needs to switch to another BWP. The gNB can reply with a DCI or an RRC reconfiguration indicating the new BWP which may be a different one from which the UE has transmitted the RA in. After switching to the new active BWP, the UE can reset the counter for LBT problem detection.
[bookmark: _Toc20995519][bookmark: _Toc21002330][bookmark: _Toc21007401][bookmark: _Toc21007698][bookmark: _Toc21031591][bookmark: _Toc21031682][bookmark: _Toc21032198]Upon detection of consistent UL LBT failure in an active BWP, prior to triggering of an RLF event, the UE can initiate a RA on an inactive BWP configured with PRACH occasions. If there are no PRACH occasions configured on any inactive non-initial BWP, the UE can switch to the initial BWP to start a RACH procedure.

If the UE has detected LBT problems for all configured BWPs with RA configured, the UE may declare an RLF for the cell and trigger RRC connection reestablishment. 
[bookmark: _Toc7597801][bookmark: _Toc7680795][bookmark: _Toc7717985][bookmark: _Toc7736591][bookmark: _Toc10808773][bookmark: _Toc14942170][bookmark: _Toc16068684][bookmark: _Toc16688023][bookmark: _Toc16700585][bookmark: _Toc16717716][bookmark: _Toc16789599][bookmark: _Toc16803530][bookmark: _Toc20816067][bookmark: _Toc20954597][bookmark: _Toc20954610][bookmark: _Toc20954623][bookmark: _Toc20954636][bookmark: _Toc20995520][bookmark: _Toc21002331][bookmark: _Toc21007402][bookmark: _Toc21007699][bookmark: _Toc21031592][bookmark: _Toc21031683][bookmark: _Toc21032199]The UE declares an RLF for a cell if the UE has detected LBT problem for all configured BWPs with RA configured.

In case an RLF event is triggered, the UE would follow the existing 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. In the RLF report, the UE includes a failure cause indicating that the RLF was triggered due to occurrence of consistent UL LBT failures. Therefore, we make below proposal.
[bookmark: _Toc20954598][bookmark: _Toc20954611][bookmark: _Toc20954624][bookmark: _Toc20954637][bookmark: _Toc20995521][bookmark: _Toc21002332][bookmark: _Toc21007403][bookmark: _Toc21007700][bookmark: _Toc21031593][bookmark: _Toc21031684][bookmark: _Toc21032200]Upon re-establishing after an RLF event, as in LTE, the UE sends an RLF report. The UE can include a failure cause in the report indicating that the RLF was triggered due to occurrence of consistent UL LBT failures.

For a UE configured with SCells, if the UE has detected consistent UL LBT failure in one carrier, the UE may inform the gNB of the occurrence of the LBT failure, so the gNB may take appropriate recovery actions, for example, to inactivate or de-configure the cell where the UL LBT failure has been detected. The signalling may be sent on a different cell (e.g., PCell or another SCell). How to send the signalling is FFS. 
[bookmark: _Toc6478695][bookmark: _Toc6478721][bookmark: _Toc7597803][bookmark: _Toc7680797][bookmark: _Toc7717987][bookmark: _Toc7736593][bookmark: _Toc10808775][bookmark: _Toc14942171][bookmark: _Toc16068685][bookmark: _Toc16688024][bookmark: _Toc16700586][bookmark: _Toc16717717][bookmark: _Toc16789600][bookmark: _Toc16803531][bookmark: _Toc20816069][bookmark: _Toc20954600][bookmark: _Toc20954613][bookmark: _Toc20954626][bookmark: _Toc20954639][bookmark: _Toc20995522][bookmark: _Toc21002333][bookmark: _Toc21007404][bookmark: _Toc21007701][bookmark: _Toc21031594][bookmark: _Toc21031685][bookmark: _Toc21032201]For a UE configured with SCells, the UE indicates the occurrence of consistent UL LBT failure for an SCell to the gNB on a different cell (e.g., PCell or another SCell).  How to send the signalling is FFS.
[bookmark: _Toc6478723][bookmark: _Toc6478697]
[bookmark: _Toc11154933][bookmark: _Toc11154950][bookmark: _Toc14944821]Text proposals
Text proposals in the MAC spec
In the running MAC CR the section 5.X introduce LBT operation. This section can better be split in two parts "5.X1 General", where LBT procedures are introduced, and "5.X.2 LBT failure detection and recovery procedure". 
[5.X	LBT operation]
[bookmark: _Toc12751591]5.X.1	General
[bookmark: _Hlk19108061]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, an LBT success or an LBT failure indication is sent to the MAC entity. When LBT procedure is performed, actions related to "is transmitted" and "transmission is performed" shall not be performed if 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.”.
Editor’s Note: Below we expect to introduce the Consistent LBT failure handling. Now the baseline mechanism for consistent LBT failure detection is provided, further enhancements are not precluded. The details of recovery are FFS. 
[bookmark: _Hlk19608713]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 by counting LBT failure indications, for all UL transmissions, from the lower layers to the MAC entity. Consistent LBT failure detection is maintained per BWP. In case UE has detected a consistent LBT failure in its active BWP, the UE switches to another BWP by initiating a Random access procedure on that BWP. If the UE has detected consistent LBT failures on all configured dedicated BWPs configured with PRACH resources, a radio link failure event is triggered. 
RRC configures the following parameters in the lbt-FailureRecoveryConfig in BWP-UplinkDedicated:
-	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.
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 the UE has detected LBT failures in all BWPs configured with PRACH occasions
4> the UE indicates Consistent UL LBT failure to higher layers
Editor’s Note: how to capture in the RRC spec is FFS
3>	else
4> initiate a Random Access Procedure (as specified in clause 5.1.1) in another BWP configured with PRACH occasions
Editor’s Note: how to select another BWP is FFS
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.
1>	if the recovery mechanism (FFS) is successful:
2>	set LBT_COUNTER to 0;
2>	consider the LBT Failure Recovery procedure successfully completed.]


[bookmark: _Toc20816072][bookmark: _Toc20954601][bookmark: _Toc20954614][bookmark: _Toc20954627][bookmark: _Toc20954640][bookmark: _Toc20995523][bookmark: _Toc21002334][bookmark: _Toc21007405][bookmark: _Toc21007702][bookmark: _Toc21031595][bookmark: _Toc21031686][bookmark: _Toc21032202]Adopt the proposed changes in 5.X of MAC running CR.

[bookmark: _Toc12751574]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. 
When a BWP switch is triggered by a UE upon detection of consistent LBT failure in its active BWP, the UE can select another inactive BWP with PRACH resources configured to initiate a  Random Access procedure. In case there is no other inactive dedicated BWP configured with PRACH resources, the UE switches the active UL BWP to BWP indicated by initialUplinkBWP and initiate the Random Access procedure.
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.


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;
2>	transmit on RACH on the BWP, if PRACH occasions are configured;
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:
3>	stop the lbtFailureDetectionTimer, if running;
3>	set LBT_COUNTER to 0;
3>	monitor consistent LBT failures.
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 consistent LBT failures.
<non modified parts are omitted>

[bookmark: _Toc20816073][bookmark: _Toc20954602][bookmark: _Toc20954615][bookmark: _Toc20954628][bookmark: _Toc20954641][bookmark: _Toc20995524][bookmark: _Toc21002335][bookmark: _Toc21007406][bookmark: _Toc21007703][bookmark: _Toc21031596][bookmark: _Toc21031687][bookmark: _Toc21032203]Adopt the proposed spec changes in 5.15 on reset of the timer and the counter into the MAC running CR.

The MAC reset needs to be updated with resetting the LBT_COUNTER:
[bookmark: _Toc12751571]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>	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.]
[bookmark: _Toc20816074][bookmark: _Toc20954603][bookmark: _Toc20954616][bookmark: _Toc20954629][bookmark: _Toc20954642][bookmark: _Toc20995525][bookmark: _Toc21002336][bookmark: _Toc21007407][bookmark: _Toc21007704][bookmark: _Toc21031597][bookmark: _Toc21031688][bookmark: _Toc21032204]Adopt the proposed spec changes in 5.12 into the MAC running CR.

Text proposals in the Stage 2 spec

9.2	 Intra-NR
                                                     <non modified parts are omitted>
[bookmark: _Toc12623283]9.2.X	UL LBT failure detection and recovery
In RRC_CONNECTED, the UE monitors UL LBT failures in the active BWP for all UL transmissions including any transmission carried on RACH, SRS, PUCCH and PUSCH. If the active BWP comprises several LBT subbands, the UE maintains a common counter across LBT subbands within the same BWP. The UE may be configured with several BWPs, UL LBT failure handling should be operated per BWP. 

The UE declares UL LBT problem when below criterion is met:
-	A maximum number of consecutive UL LBT failures has been reached while a timer is running
If the UE experiences UL LBT problem in its current active BWP, the UE initiate a Random Access procedure on an inactive BWP. If there are no PRACH occasions configured on any inactive BWP, the UE can switch to the initial BWP to start a RACH procedure. Upon reception of the Random Access procedure, the gNB can decide if the UE needs to switch to another BWP. The gNB can reply with a DCI or an RRC reconfiguration indicating the new BWP which may be a different one from which the UE has transmitted the Random Access procedure in.

If the UE has detected LBT problems for all configured BWPs, the UE may declare RLF. 

For a UE configured with Carrier Aggregation, if the UE has detected UL LBT problem in one carrier, the UE may inform the gNB which may take appropriate actions, for example, to inactivate or de-configure the cell where the UL LBT problem has been detected. 

For a UE configured with Dual Connectivity, the UE reports SCG LBT problem to MCG, if the UE has experienced UL LBT failures consecutively up to a maximum number in SCG. 

[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
[bookmark: _Hlk528066049][bookmark: _Hlk528066018]
Based on the discussion in section 2 we propose the following:
Proposal 1	The agreed baseline mechanism for how to detect UL LBT failure is sufficient in Rel-16.  Further enhancements can be left for future releases.
Proposal 2	The counter and the timer for LBT failure handling in a de-activated BWP should be reset after a BWP switch.
Proposal 3	The UE keeps one common counter for all LBT subbands within a BWP.
Proposal 4	Upon detection of consistent UL LBT failure in an active BWP, prior to triggering of an RLF event, the UE can initiate a RA on an inactive BWP configured with PRACH occasions. If there are no PRACH occasions configured on any inactive non-initial BWP, the UE can switch to the initial BWP to start a RACH procedure.
Proposal 5	The UE declares an RLF for a cell if the UE has detected LBT problem for all configured BWPs with RA configured.
Proposal 6	Upon re-establishing after an RLF event, as in LTE, the UE sends an RLF report. The UE can include a failure cause in the report indicating that the RLF was triggered due to occurrence of consistent UL LBT failures.
Proposal 7	For a UE configured with SCells, the UE indicates the occurrence of consistent UL LBT failure for an SCell to the gNB on a different cell (e.g., PCell or another SCell).  How to send the signalling is FFS.
Proposal 8	Adopt the proposed changes in 5.X of MAC running CR.
Proposal 9	Adopt the proposed spec changes in 5.15 on reset of the timer and the counter into the MAC running CR.
Proposal 10	Adopt the proposed spec changes in 5.12 into the MAC running CR.
[bookmark: _In-sequence_SDU_delivery]
