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1 Introduction
In RAN2#AH_1801 meeting, beam failure recovery procedure was discussed with following agreements [1]: 
Agreement
     The beam failure detection is performed by MAC. 
1   ResponseWindowSize-BFR is applied only for contention free BFRR preamble (as already captured in MAC specification).
2	PreambleInitialReceivedTargetPower-BFR and powerRampingStep-BFR are applied only for contention free BFRR preamble.
3	Maximum power applied to common RACH is dictated by the ra-PreambleTx-Max.
4	PreambleTransMax-BFR is applied only for contention free BFRR preamble. FFS how to capture it.
5	Agreements will be captured in the MAC CR and reviewed during email discussion.

=> For contention based random access for beam failure recovery, contention resolution is successful if UE receives a PDCCH transmission addressed to its C-RNTI.
=> RAN2 assumes that the same set of RA parameters are used but different values can be configured. 
In RAN1#AH_1801 meeting, a set of agreements were made for beam failure recovery [2]: 
	Agreement:
For beam failure detection model, PHY performs detection of beam failure instances, and indicates a flag to higher layer if a beam failure instance is detected
· FFS: When/Whether PHY needs to report candidate beam list and beam failure instance to MAC
· FFS: Whether non-beam failure instance is defined or is needed
Include as part of LS to RAN2
Agreement:
Change candidate beam selection model to the following alternatives:
· PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold
· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}
· Note: The mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done in MAC
· Support for candidate beam selection model is specified in the RAN2 specifications
Include as part of LS to RAN2
Agreement:
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
Include as part of LS to RAN2
Agreement: 
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met
· Upon expiry of Beam-failure-recovery-Timer 
· Upon reaching max. # of BFRQ transmissions
Include as part of LS to RAN2
Agreement: 
· 
Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS , which is also lower bounded by [10] ms.
· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.
·  PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.


It was observed that there are some misalignments between current RAN2 procedure and RAN1 agreements for beam failure recovery procedure. In this contribution, we identify the misalignment between RAN1 and RAN2 agreements and discuss how to fix the misalignment in MAC spec. Furthermore, the draft CR corresponding to the proposals is provided in the appendix. 
2 Misalignment between RAN1 and RAN2
In this section we identify the potential misalignment between the agreements of RAN1 and RAN2 for the basic steps of beam failure recovery, including:
· Beam failure detection
· New candidate beam identification
· Supervision of beam failure recovery request transmission
· Failure/Success of Beam Failure Recovery Procedure
2.1 Beam Failure Detection
According to RAN2 agreement, the beam failure detection is performed by MAC.  Beam failure is detected by counting a number of consecutive detected beam failure instances, configured by NrOfBeamFailureInstance.  So physical layer provides every detected beam failure instance to MAC, which will capture the counting behavior. Each beam failure instance is counted if the measured hypothetical PDCCH BLER is above a threshold. 
Two options to count the beam failure instances in MAC were discussed in RAN2. In option 1, PHY delivers two types of notifications to MAC, namely “beam failure instance” and “no beam failure instance”. In option 2, PHY delivers to MAC “beam failure instance” notifications only and MAC maintains a timer for resetting the counter. An LS [3] was sent, asking RAN1 to clarify the principles of “beam-failure instance” counter maintenance, as well as the associated expected parameters and information/events received from the physical layer. 
Based on RAN1 agreement, only beam failure instance is indicated to higher layer. If the evaluation is below the BLER threshold, there is no indication to higher layer.  So the “no beam failure instance” in option1 is not supported in RAN1.  Furthermore, the indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS. MAC counts the beam failure instance indication on each occasion of the pre-determined periodicity. The counter is reset upon each absence of the beam failure instance. The behavior is similar as option2. It is FFS whether the periodicity is fixed in spec, or configurable based on the BFD RS configuration. However, a periodic timer to control the counter may not necessarily need to be introduced in the specification. If a particular timer is introduced, the corresponding behavior related to the timer as well as the potential interaction with other timers should also be specified. 
In another alternative, a particular time unit or period can be used to count the beam failure instance indicated from physical layer.  This period can be called as beam failure indication period, which refers to the interval between two consecutive occasions of beam failure instance indication. The concept is similar as PDCCH period, which refers to the interval between the start of two consecutive PDCCH occasions. The counter is set to 0 upon indication of the first beam failure instance. Then MAC expects PHY provides the indication continuously in each of the following beam failure indication period. MAC begins to count the instance and the counter increases for each new beam failure instance indicated from physical layer. If no indication is received or NrOfBeamFailureInstance reaches, the counter is reset. 

Figure 1 Counting of beam failure instance in MAC
Proposal 1: The beam failure indication period is used as the time unit to count the beam failure instance indicated from physical layer. 
Proposal 2: The counter is set to 0 upon indication of the first beam failure instance and increased by each new beam failure instance in the following beam failure indication periods. The counter is reset to 0 if no indication is received in a beam failure indication period or NrOfBeamFailureInstance reaches. 
Proposal 3:  Beam failure is detected if the beam failure instances indicated from physical layer reach NrOfBeamFailureInstance. 
2.2 New Candidate Beam Identification
Based on RAN1 agreements for candidate beam identification, PHY performs L1-RSRP evaluation of each candidate beam and provides to MAC the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold.  The comparison between candidate beam L1-RSRP and the threshold CandidateBeamThreshold is performed by physical layer instead of MAC. Then MAC will performs new candidate beam selection based on the subset of {beam RS index, L1-RSRP measurements} provided by the physical layer.
In our understanding, the sets of {beam RS index, L1-RSRP measurement} for candidate beams are not always provided from physical layer, but per request from MAC layer.  When MAC layer detects beam failure, MAC requests physical layer to provide the sets of candidate beams. 
Proposal 4: When beam failure is detected, MAC requests the physical layer to provide the candidate beams with sets of {beam RS index, L1-RSRP measurement}.  
In current MAC spec, the common threshold for rsrp-ThresholdSSB and csirs-dedicatedRACH-Threshold are used for PRACH resource selection for all kinds of purposes, which trigger random access procedure. So the threshold is actually L3-RSRP, which is acquired from L3 filter for RRM measurement. In order to align RAN1 agreements on beam failure recovery, new candidate beam selection should base on the sets of {beam RS index, L1-RSRP measurements} provided by physical layer. If multiple beams are provide, it’s up to UE implementation to select which one to use. 
Proposal 5: MAC selects one of the candidate beams in the sets of {beam RS index, L1-RSRP measurements} provided by physical layer. 
2.3 Supervision of Beam Failure Recovery Request Transmission
According to RAN1 agreement, Beam-failure-recovery-Timer is started upon beam failure detection and stopped upon reception of gNB response for beam failure recovery request transmission. In current MAC spec, UE behavior to start Beam-failure-recovery-Timer is aligned with RAN1 agreements. When beam failure is detected, UE starts Beam-failure-recovery-Timer and request physical layer to provide the set of candidate beams. It should be noted that the set of candidate beams may not be available immediately upon beam failure detection. The timer also covers the latency for candidate beam identification performed in physical layer. UE initiates contention-free RA only when both beam failure is detected and candidate beams are available. 
Proposal 6: A random access procedure is initiated when both beam failure is detected and candidate beams are provided by physical layer. 
2.4 Failure/Success of Beam Failure Recovery Procedure
According to RAN1 agreement, contention-free PRACH-based beam failure recovery is considered unsuccessful either when Beam-failure-recovery-Timer expires or when maximum number of beam failure recovery request reaches. 
In current MAC spec, gNB response monitoring for beam failure recovery request is harmonized as RAR reception. If maximum number of preamble transmission is reached, UE will indicate a RA problem to upper layer, which eventually triggers RLF in RRC. However, the interaction between beam failure recovery and RLM/RLF is deprioritized. There is no agreement that RA failure should be triggered when the beam recovery request transmission number reaches PreambleTransMax-BFR. It is very likely that the value of PreambleTransMax-BFR is different from PreambleTx-Max for normal RA procedure. Furthermore, the dedicated PRACH resource for beam failure recovery request is orthogonal to the normal dedicated PRACH resource, maximum transmission number of beam failure recovery request transmission over the dedicated PRACH resource doesn’t represent the normal RA condition. It is not proper to indicate random access problem to upper layer directly without involvement of beam failure recovery request procedure defined in 5.17. 
Proposal 7: If maximum transmission number of beam failure recovery request over dedicated PRACH resource is reached, UE considers it as beam recovery failure instead of random access failure. 
3 Conclusion	
In this contribution, we discuss how to align RAN1 and RAN2 spec on beam failure recovery with following proposals: 
Proposal 1: The beam failure indication period is used as the time unit to count the beam failure instance indicated from physical layer. 
Proposal 2: The counter is set to 0 upon indication of the first beam failure instance and increased by each new beam failure instance in the following beam failure indication periods. The counter is reset to 0 if no indication is received in a beam failure indication period or NrOfBeamFailureInstance reaches. 
Proposal 3:  Beam failure is detected if the beam failure instances indicated from physical layer reach NrOfBeamFailureInstance. 
Proposal 4: When beam failure is detected, MAC requests the physical layer to provide the candidate beams with sets of {beam RS index, L1-RSRP measurement}.  
Proposal 5: MAC selects one of the candidate beams in the sets of {beam RS index, L1-RSRP measurements} provided by physical layer. 
Proposal 6: A random access procedure is initiated when both beam failure is detected and candidate beams are provided by physical layer. 
Proposal 7: If maximum transmission number of beam failure recovery request over dedicated PRACH resource is reached, UE considers it as beam recovery failure instead of random access failure. 


4 Appendix-Draft CR for beam failure recovery
5	MAC procedures
[bookmark: _Toc502437790]5.1	Random Access procedure
[bookmark: _Toc502437791]5.1.1	Random Access procedure initialization
The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC entity itself, by beam failure indication from lower layer, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell other than PSCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.
NOTE 1:	If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).
RRC configures the following parameters for the Random Access procedure:
-	prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-	preambleReceivedTargetPower: initial Random Access Preamble power;
-	preambleReceivedTargetPowerBFR: initial Random Access Preamble power for beam failure recovery request using contention-free Random Access Preamble;
-	rsrp-ThresholdSSB: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;
-	csirs-Threshold: an RSRP threshold for the selection of CSI-RS and corresponding Random Access Preamble and/or PRACH resource;
-	sul-RSRP-Threshold: an RSRP threshold for the selection between the normal carrier and the SUL carrier;
-	preamblePowerRampingStep: the power-ramping factor;
-	preamblePowerRampingStepBFR: the power-ramping factor for beam failure recovery request using contention-free Random Access Preamble;
-	ra-PreambleIndex: Random Access Preamble;
-	preambleTxMax: the maximum number of Random Access Preamble transmission;
-	preambleTxMaxBFR: the maximum number of Random Access Preamble transmission for beam failure recovery request using contention-free Random Access Preamble;
-	if SSBs are mapped to Random Access Preambles:
-	startIndexRA-PreambleGroupA, numberOfRA-Preambles, and numberOfRA-PreamblesGroupA for each SSB (SpCell only).
-	else:
-	startIndexRA-PreambleGroupA, numberOfRA-Preambles, and numberOfRA-PreamblesGroupA (SpCell only).
-	If numberOfRA-PreamblesGroupA is equal to numberOfRA-Preambles, there is no Random Access Preambles group B.
-	The Random Access Preambles in Random Access Preamble group A are the Random Access Preambles startIndexRA-PreambleGroupA to startIndexRA-PreambleGroupA + numberOfRA-PreamblesGroupA – 1;
-	The Random Access Preambles in Random Access Preamble group B, if exists, are the Random Access Preambles startIndexRA-PreambleGroupA + numberOfRA-PreamblesGroupA to startIndexRA-PreambleGroupA + numberOfRA-Preambles – 1.
NOTE 2:	If random Access Preambles group B is supported by the cell and SSBs are mapped to Random Access Preambles, Random Access Preambles group B is included in each SSB.
-	if Random Access Preambles group B exists:
-	ra-Msg3SizeGroupA (per cell): the threshold to determine the groups of Random Access Preambles.
-	the set of Random Access Preambles and/or PRACH resources for SI request, if any;
-	the set of Random Access Preambles and/or PRACH resources for beam failure recovery request, if any;
-	ra-ResponseWindow: the time window to monitor RA response(s) (SpCell only);
-	ra-ResponseWindowBFR: the time window to monitor response(s) for beam failure recovery request using contention-free Random Access Preamble;
-	ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only).
In addition, the following information for related Serving Cell is assumed to be available for UEs:
-	if Random Access Preambles group B exists:
-	if the Serving Cell for the Random Access procedure is configured with supplementaryUplink, and SUL carrier is selected for performing Random Access Procedure:
-	PCMAX,f,c of the SUL carrier as specified in TS 38.101 [10].
-	else:
-	PCMAX,f,c of the normal carrier as specified in TS 38.101 [10].
The following UE variables are used for the Random Access procedure:
-	PREAMBLE_INDEX;
-	PREAMBLE_TRANSMISSION_COUNTER;
-	PREAMBLE_POWER_RAMPING_COUNTER;
-	PREAMBLE_RECEIVED_TARGET_POWER;
-	PREAMBLE_BACKOFF;
-	PCMAX;
-	TEMPORARY_C-RNTI.
When the Random Access procedure is initiated on a Serving Cell, the MAC entity shall:
1>	flush the Msg3 buffer;
1>	set the PREAMBLE_TRANSMISSION_COUNTER to 1;
1>	set the PREAMBLE_POWER_RAMPING_COUNTER to 1;
1>	set the PREAMBLE_BACKOFF to 0 ms;
1>	if the carrier to use for the Random Access procedure is explicitly signalled:
2>	select the signalled carrier for performing Random Access procedure.
1>	else if the carrier to use for the Random Access procedure is not explicitly signalled; and
1>	if the Serving Cell for the Random Access procedure is configured with supplementaryUplink; and
1>	if the RSRP of the downlink pathloss reference is less than sul-RSRP-Threshold:
2>	select the SUL carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the SUL carrier.
1>	else:
2>	select the normal carrier for performing Random Access procedure;
2>	set the PCMAX to PCMAX,f,c of the normal carrier.
1>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
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The MAC entity shall:
1>	if the Random Access procedure was initiated by a beam failure indication from lower layerdetection; and
1>	if the contention-free random access resources for beam failure recovery request associated with any of the SS blocks and/or CSI-RSs have been explicitly provided by RRC; and
1>	if one or more sets of {beam RS index, L1-RSRP measurements} are provided by lower layer at least one of the SS blocks with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks or the CSI-RSs with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>	select an SS block with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks or a CSI-RS with CSI-RSRP above csirs-Threshold amongst the sets of {beam RS index, L1-RSRP measurements}associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SS block or CSI-RS from the set of Random Access Preambles for beam failure recovery request.
1>	else if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC; and
1>	if the ra-PreambleIndex is not 0b000000; and
1>	if contention-free random access resource associated with SS blocks or CSI-RS have not been explicitly provided by RRC:
2>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex.
1>	else if the contention-free random access resources associated with SS blocks have been explicitly provided by RRC and at least one SS block with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks is available:
2>	select an SS block with SS-RSRP above rsrp-ThresholdSSB amongst the associated SS blocks;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SS block.
1>	else if the contention-free random access resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>	select a CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs;
2>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>	else:
2>	if at least one of the SS blocks with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SS block with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SS block.
2>	if Msg3 has not yet been transmitted:
3>	if Random Access Preambles group B exists; and
3>	if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) –preambleReceivedTargetPower:
4>	select the Random Access Preambles group B.
3>	else:
4>	select the Random Access Preambles group A.
2>	else (i.e. Msg3 is being retransmitted):
3>	select the same group of Random Access Preambles as was used for the Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.
2>	if the association between Random Access Preambles and SS blocks is configured:
3>	select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles associated with the selected SS block and the selected group.
2>	else:
3>	select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles within the selected group.
2>	set the PREAMBLE_INDEX to the selected ra-PreambleIndex.
1>	if an SS block is selected above and an association between PRACH occasions and SS blocks is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occassion corresponding to the selected SS block).
1>	else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected CSI-RS (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).
1>	else:
2>	determine the next available PRACH occasion (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occassion).
1>	perform the Random Access Preamble transmission procedure (see subclause 5.1.3).
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The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SS block selected is not changed (i.e. same as the previous Random Access Preamble transmission): 
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep;
1>	except for contention-free Randon Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1>	instruct the physical layer to transmit the Random Access Preamble using the selected PRACH, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × X × f_id + 14 × X × Y × ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). The values X and Y are specified in TS 38.213 [6].
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Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	if 'multiple Random Access Preamble transmission' has been signalled:
2>	start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the first Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running.
1>	else if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the ra-ResponseWindowBFR at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while ra-ResponseWindowBFR is running.
1>	else:
2>	start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.
1>	if notification of a reception of a PDCCH transmission is received from lower layers; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a Backoff Indicator subheader:
3>	set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for the SI request to upper layers.
3>	else:
4>	if 'multiple Random Access Preamble transmission' has been signalled:
5>	stop transmitting remaining Random Access Preambles, if any.
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep).
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.
4>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
5>	consider the Random Access procedure successfully completed.
4>	else:
5>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
5>	if this is the first successfully received Random Access Response within this Random Access procedure:
6>	if the transmission is not being made for the CCCH logical channel:
7>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.
6>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>	if ra-ResponseWindow expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or:
1>	if ra-ResponseWindowBFR expires and if the PDCCH addressed to the C-RNTI has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	if the Random Access Preamble is for beam failure recovery request transmission:
5>	indicate beam failure recovery request failure to upper layers;
4>	else:
45>	indicate a Random Access problem to upper layers.
3>	else if the Random Access Preamble is transmitted on a SCell:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if in this Random Access procedure, the Random Access Preamble was selected by MAC among the contention-based Random Access Preamble:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	delay the subsequent Random Access Preamble transmission by the backoff time.
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
HARQ operation is not applicable to the Random Access Response transmission.
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Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.
Once Msg3 is transmitted, the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission;
1>	monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;
1>	if notification of a reception of a PDCCH transmission is received from lower layers:
2>	if the C-RNTI MAC CE was included in Msg3:
3>	if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission; or
3>	if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by a beam failure indication from lower layer and the PDCCH transmission is addressed to the C-RNTI:
4>	consider this Contention Resolution successful;
4>	stop ra-ContentionResolutionTimer;
4>	discard the TEMPORARY_C-RNTI;
4>	consider this Random Access procedure successfully completed.
2>	else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:
3>	if the MAC PDU is successfully decoded:
4>	stop ra-ContentionResolutionTimer;
4>	if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and
4>	if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:
5>	consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;
5>	set the C-RNTI to the value of the TEMPORARY_C-RNTI;
5>	discard the TEMPORARY_C-RNTI;
5>	consider this Random Access procedure successfully completed.
4>	else
5>	discard the TEMPORARY_C-RNTI;
5>	consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.
1>	if ra-ContentionResolutionTimer expires:
2>	discard the TEMPORARY_C-RNTI;
2>	consider the Contention Resolution not successful.
1>	if the Contention Resolution is considered not successful:
2>	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3>	indicate a Random Access problem to upper layers.
2>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
2>	delay the subsequent Random Access Preamble transmission by the backoff time;
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
[bookmark: _Toc502437796]5.1.6	Completion of the Random Access procedure
Upon completion of the Random Access procedure, the MAC entity shall:
1>	discard explicitly signalled contention-free random access resources except contention-free random access resources for beam failure recovery request, if any;
1> flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.

5.17	Beam Failure Recovery Request procedure
The beam failure recovery request procedure is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure instance (BFI) is detected by the lower layers and indicated periodically to the MAC entity. The beam failure instance period (BFI period) is defined as the interval between two consecutive occasions of beam failure instance indication. (Editor notes: FFS whether BFI period is fixed in spec, or configurable by RRC. Need RAN1 input.)
RRC configures the following parameters for the beam failure recovery request procedure:
- beamFailureRecoveryTimer
- beamFailureInstanceMaxCount
The following UE variable is used for the beam failure recovery request procedure:
-	BFI_COUNTER.
If this is the first beam failure instance is indicated from lower layer and there is no beam failure instance received before, the MAC entity shall set the BFI_COUNTER to 0.  The MAC entity shall for each BFI period:
1>	if a new beam failure instance is received from lower layer:
2> 	if BFI_COUNTER < beamFailureInstanceMaxCount:
3>	increment BFI_COUNTER by 1; 
2> else:
3>	consider beam failure is detected;
3>	reset BFI_COUNTER to 0; 
1>	else:
2> 	reset BFI_COUNTER to 0.
If beam failure is detected, Tthe MAC entity shall:
1>	if beam failure indication has been received from lower layers:start the beamFailureRecoveryTimer;
2>	start the beamFailureRecoveryTimer;request lower layer to provide the sets of {beam RS index, L1-RSRP measurements};
2>	if one or more sets of {beam RS index, L1-RSRP measurements} are provided by lower layer: 
23>	initiate a Random Access procedure (see subclause 5.1) on the SpCell
1>	if the beamFailureRecoveryTimer expires:
2>	indicate beam failure recovery request failure to upper layers.
1>	if downlink assignment or uplink grant on the PDCCH addressed for the C-RNTI has been received: 
2>	stop the beamFailureRecoveryTimer;
2>	consider the Beam Failure Recovery Request procedure successfully completed.
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