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1 Introduction

In RAN2#100 meeting, the following agreements were made on beam failure recovery:
Agreements

1
The reception of the gNB response to beam recovery request sent on RACH is based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

2
Beam recovery can take place on a candidate beam (e.g. beams above threshold) with dedicated PRACH resources either associated with an SSB or CSI-RS resource.

FFS In which spec the criteria for a candidate beam for beam recovery is specified

3: 
When more than one beam is a valid candidate, it is up to UE implementation to select the beam.

FFS Whether we need to configure candidate beams for recovery with a mixture of SSB based and CSI-RS resource based beams. Any RAN1 agreement on this can be checked

FFS Behaviour in case the beam recovery attempt is not successful

FFS Whether beam recovery is supported using CBRA. 

Agreements

1:
For beam recovery purposes RRC signalling allows the case of configuring both SSB + CSI-RS (i.e. simultaneously) for new candidate beam identification. The case where only one of SSB or CSI-RS resource is configured is also covered – i.e. this is network configuration.

2: 
When more than one beam is a valid candidate, it is up to UE implementation to select either the SSB based resource or the CSI-RS based resource.

Agreements

1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    

2. Beam selection is specified in the MAC similar to the HO case
3. The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  
An LS [2] was also approved and sent to inform RAN1 about some of the above agreements. During the email discussion after RAN1#91, an LS [3] was approved in RAN1 containing the RAN1 agreements on beam failure recovery. In [3] RAN1 also highlights a number of aspects that RAN2 is supposed to consider for their future work.
The MAC related functionalities of beam failure recovery were implemented in the latest version of TS 38.321 [4], which was approved in RAN#78.
In this contribution, we share our views on the remaining issues of beam failure recovery related to TS 38.321. A TP is also provided in section 5.
2 Discussion
2.1 RRC parameters
A set of RRC parameters was agreed in RAN1#91 for beam failure recovery, see [3], [5].
According to RAN1 agreements, the set of RRC parameters for PRACH preamble generation and transmission is different from those for initial access (with exceptions e.g. for prach-Msg1SubcarrierSpacing where the configuration for initial access is followed in beam failure recovery), see the summary in Table 1. 
The use of independent RRC parameters for beam failure recovery has not been captured in TS 38.321 [4]. In the TP in section 5 we provide some suggested changes to sub-clauses 5.1.1 through 5.1.6 of [4] on distinguishing these parameters between beam failure recovery and initial access.
Table 1 Comparison of PRACH related RRC parameters for beam failure recovery and initial access
	For beam failure recovery (from [3])
	For initial access (from [4])

	Parameter name
	Description
	Comment
	Parameter name

	RootSequenceIndex-BFR
	PRACH root sequence index for beam failure recovery
	　
	

	ZeroCorrelationZoneConfig-BFR
	N-CS configuration for beam falure recovery, see Table 6.3.3.1-3 in 38.211
	　
	

	PreambleInitialReceivedTargetPower-BFR
	Received target power for beam failure request for PRACH 
	　
	ra-PreambleInitialReceivedTargetPower

	ra-PreambleIndexConfig-BFR
	PRACH configuration index for beam failure request given the index to the table in 38.211
	　
	prach-ConfigIndex

	PreambleTransMax-BFR
	Maximum number of beam failure request transmissions 
	　
	ra-PreambleTx-Max

	powerRampingStep-BFR
	Power ramping steps for beam failure request via PRACH 
	　
	ra-PreamblePowerRampingStep

	ra-PreambleIndex-BFR
	Preamble index used to select one from a sequence pool
	Contained in Beam-failure-recovery-request-RACH-Resource
	ra-PreambleIndex

	prach-FreqOffset-BFR
	Same meaning as in initial access
	Contained in Beam-failure-recovery-request-RACH-Resource
	

	RACH-resource-mask-BFR
	Time domain mask. 
	Contained in Beam-failure-recovery-request-RACH-Resource
	


2.2 Candidate beam selection
The following was agreed in RAN1#91:

	Agreement: 

The measurement metric for candidate beam selection is L1-RSRP

· An RRC parameter is introduced to configure the threshold value for L1-RSRP based on CSI-RS

· Another threshold can be implicitly derived for L1-RSRP based on SSB


According to [5], the parameter name for the threshold for candidate beam selection is Beam-failure-candidate-beam-threshold. Furthermore, for SSB, “deriving the threshold” can be specified as scaling the L1-RSRP with Pc_SS before comparing it with Beam-failure-candidate-beam-threshold, i.e. in a way similar to clause 6 of TS 38.213 [6] for beam failure detection as follows,
The physical layer in the UE shall assess the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. The threshold Qout,LR corresponds to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. For the set 
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, the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. 
The TP in section 5 provides some corresponding changes to sub-clauses 5.1.2 of [4].
Proposal 1: Align with RAN1 agreements on the thresholds for candidate beam selection, i.e. Beam-failure-candidate-beam-threshold for CSI-RSRP and a threshold derived from Beam-failure-candidate-beam-threshold for SS-RSRP, in TS 38.321.

2.3 Monitoring of the response for beam failure recovery request
The following was agreed in RAN1#91:

	Agreement 

The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots


Therefore, the “X symbols” assumed for the starting time of bfr-ResponseWindow in sub-clause 5.1.4 of [4] can now be corrected as “4 slots”.

In addition, it is specified in sub-clause 5.1.4 of [4] that “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.” Similar UE behaviour should also be applicable for bfr-ResponseWindow during beam failure recovery.

Proposal 2: The MAC entity may stop bfr-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of the PDCCH addressed to the C-RNTI.
2.4 Indication of beam failure from lower layers
According to the following RAN1 agreements, “beam failure” is not triggered by a single-shot comparison of the measured hypothetical PDCCHs against the threshold, but rather by observing a number of consecutive “beam failure instances”.
	Agreements: 
Beam failure detection is determined based on the following quality measure: 

· Hypothetical PDCCH BLER

Agreements: 
A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number

· If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
· Note: Beam failure is determined when all serving beams fail


It can be seen in the latest version of TS 38.213 [6], quoted below, that there is an indication from the physical layer whenever the hypothetical PDCCH BLER for all measured beams are all above a threshold in a slot, i.e., the indication is for beam failure instance.
“The physical layer in the UE shall, in slots where the radio link quality according to the set 
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 is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR.” 

Therefore, the procedure in sub-clause 5.17 of [4] should be changed to handle “beam failure instance” rather than “beam failure”. The MAC entity shall count the number of consecutive “beam failure instance” indications, and when the number exceeds Beam-Failure-Instance-MaxCount (see [5] for the name), initiate the Beam Failure Recovery procedure.
Furthermore, it does not make sense to handle any incoming “beam failure instance” indication while the beamFailureRecoveryTimer is running, because that would potentially result in starting the beamFailureRecoveryTimer again and may cause the timer to run forever. It is thus proposed to add one condition to the handling of “beam failure instance” about beamFailureRecoveryTimer, see the proposed changes in section 5.
Proposal 3: Align with RAN1 agreements on the indication for beam failure recovery from lower layers, i.e. beam failure instance.
Proposal 4: Align with RAN1 agreements that Beam Failure Recovery procedure is initiated only when the number of consecutive beam failure instances exceeds Beam-Failure-Instance-MaxCount.
Proposal 5: Indication of beam failure instance is only handled when beamFailureRecoveryTimer is not running.

2.5 Potential false alarms in beam failure indication
As mentioned in section 2.4, according to the latest RAN1 agreements, beam failure is declared when “the number of consecutive detected beam failure instance exceeds a configured maximum number”. However, nothing is mentioned in the agreements on, for example, 

· How long is allowed for observing more than Beam-Failure-Instance-MaxCount consecutive beam failure instances;

· How long is allowed for the duration between two consecutive beam failure instances;

· What happens if a number of consecutive beam failure instances occur and, before a beam failure is declared, it is continuously detected that the hypothetical PDCCH BLERs for all measured beams are all better than the threshold. In this case, can the UE consider the situation has been “self-healed”.
It is our understanding that if the above questions are not clarified, there may be chances that unintended/harmless “beam failure” is declared even if “beam failure instance” occurs only sporadically, e.g. one beam failure instance per a number of frames.
For the time being, no change is proposed in the TP in section 5 of this contribution to address the above issue, but we believe the issue of potential false alarms needs to be addressed in beam failure recovery procedure and encourage RAN2 to discuss and address this issue in Release 15.
Proposal 6: Discuss how to avoid potential false alarms in beam failure declaration in RAN2 scope.
3 Conclusion

This contribution discusses the remaining issues on the beam failure recovery procedure and proposes a number of changes to TS 38.321. The proposed changes are formulated as a TP in section 5.
In addition, we observe that there may be false alarms in the current beam failure recovery procedure, and we propose to discuss how to address this in RAN2 in the Release 15 time frame.
In summary, the following are proposed:
Proposal 1: Align with RAN1 agreements on the thresholds for candidate beam selection, i.e. Beam-failure-candidate-beam-threshold for CSI-RSRP and a threshold derived from Beam-failure-candidate-beam-threshold for SS-RSRP, in TS 38.321.

Proposal 2: The MAC entity may stop bfr-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of the PDCCH addressed to the C-RNTI.
Proposal 3: Align with RAN1 agreements in TS 38.321 on the indication for beam failure recovery from lower layers, i.e. beam failure instance.
Proposal 4: Align with RAN1 agreements in TS 38.321 that Beam Failure Recovery procedure is initiated only when the number of consecutive beam failure instances exceeds Beam-Failure-Instance-MaxCount.

Proposal 5: Indication of beam failure instance is only handled when beamFailureRecoveryTimer is not running.

Proposal 6: Discuss how to avoid potential false alarms in beam failure recovery in RAN2 scope.
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5 Annex – TP on beam failure recovery for 3GPP TS 38.321 v15.0.0
< Unchanged parts are omitted >

5
MAC procedures
5.1
Random Access procedure
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, 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;
-
ra-PreambleIndexConfig-BFR: the available set of PRACH resources for the transmission of beam failure recovery request;
-
ra-PreambleInitialReceivedTargetPower: initial preamble power;

-
PreambleInitialReceivedTargetPower-BFR: initial preamble power for beam failure recovery;

-
rsrp-ThresholdSSB, csirs-dedicatedRACH-Threshold, and sul-RSRP-Threshold: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;

-
ra-PreamblePowerRampingStep: the power-ramping factor;
-
powerRampingStep-BFR: the power-ramping factor for beam failure recovery;
-
ra-PreambleIndex: Random Access Preamble;
-
ra-PreambleIndex-BFR: Random Access Preamble for beam failure recovery;
-
ra-PreambleTx-Max: the maximum number of preamble transmission;

-
PreambleTransMax-BFR: the maximum number of preamble transmission for beam failure recovery;
-
if SSBs are mapped to preambles:
-
startIndexRA-PreambleGroupA, numberOfRA-Preambles, and numberOfRA-PreamblesGroupA for each SSB in each group (SpCell only).

-
else:

-
startIndexRA-PreambleGroupA, numberOfRA-Preambles, and numberOfRA-PreamblesGroupA in each group (SpCell only).
-
If numberOfRA-PreamblesGroupA is equal to numberOfRA-Preambles, there is no Random Access Preambles group B.
-
The preambles in Random Access Preamble group A are the preambles startIndexRA-PreambleGroupA to startIndexRA-PreambleGroupA + numberOfRA-PreamblesGroupA – 1;
-
The preambles in Random Access Preamble group B, if exists, are the 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 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 for SI request and corresponding PRACH resource(s), if any;
-
the set of Random Access Preambles for beam failure recovery request and corresponding PRACH resource(s), if any;

-
ra-ResponseWindow: the time window to monitor RA response(s);
-
bfr-ResponseWindow: the time window to monitor response(s) on beam failure recovery request;
-
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 MAC Entity is configured with supplementaryUplink, and SUL carrier is selected for performing Random Access Procedure:

-
PCMAX,c_SUL: the configured UE transmitted power of the SUL carrier.
-
else:

-
PCMAX,c: the configured UE transmitted power of the Serving Cell performing the Random Access Procedure.

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, 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 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,c_SUL.

1>
else:

2>
select the normal carrier for performing Random Access procedure;

2>
set the PCMAX to PCMAX,c.

1>
perform the Random Access Resource selection procedure (see subclause 5.1.2).

5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the Random Access procedure was initiated by the Beam Failure Recovery procedure; and
1>
if the contention free PRACH 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 at least one of the SS blocks with SS-RSRP, after being scaled with Pc_SS, above Beam-failure-candidate-beam-threshold amongst the associated SS blocks or the CSI-RSs with CSI-RSRP above Beam-failure-candidate-beam-threshold amongst the associated CSI-RSs is available:
2>
select an SS block with SS-RSRP, after being scaled with Pc_SS, above Beam-failure-candidate-beam-threshold amongst the associated SS blocks or a CSI-RS with CSI-RSRP above Beam-failure-candidate-beam-threshold amongst the associated CSI-RSs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex-BFR 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 PRACH 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 PRACH 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 PRACH resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs is available:
2>
select a CSI-RS with CSI-RSRP above csirs-dedicatedRACH-Threshold amongst the associated CSI-RSs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>
else:

2>
select a SS block with SS-RSRP above rsrp-ThresholdSSB;
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) – ra-PreambleInitialReceivedTargetPower:

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 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.
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.

1>
else:

2>
determine the next available PRACH occasion.

1>
perform the Random Access Preamble transmission procedure (see subclause 5.1.3).

5.1.3
Random Access Preamble transmission

The MAC entity shall, for each 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>
if the contention free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
set PREAMBLE_RECEIVED_TARGET_POWER to PreambleInitialReceivedTargetPower-BFR + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep-BFR;
1>
else:

2>
set PREAMBLE_RECEIVED_TARGET_POWER to ra-PreambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;

1>
except for contention free preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted;
1>
instruct the physical layer to transmit the 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].

5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:

1>
if 'multiple preamble transmission' has been signalled:

2>
start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the first 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 bfr-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of 4 slots (specified in TS 38.213 [6]) from the end of the preamble transmission;

2>
monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while bfr-ResponseWindow is running.
1>
else:

2>
start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the 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 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 preamble transmission' has been signalled:
5>
stop transmitting remaining 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 ra-PreambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep);

5>
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 common PRACH preambles:

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 bfr-ResponseWindow 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 = ra-PreambleTx-Max + 1, in case of ra-ResponseWindow expiry; or
2>
if PREAMBLE_TRANSMISSION_COUNTER = PreambleTransMax-BFR + 1, in case of bfr-ResponseWindow expiry:
3>
if the Random Access Preamble is transmitted on the SpCell:

4>
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 common PRACH preambles:

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.
The MAC entity may stop bfr-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of the PDCCH addressed to the C-RNTI.
HARQ operation is not applicable to the Random Access Response transmission.
5.1.5
Contention Resolution

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 an 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:

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 = ra-PreambleTx-Max + 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).

5.1.6
Completion of the Random Access procedure

Upon completion of the Random Access procedure, the MAC entity shall:

1>
discard explicitly signalled ra-PreambleIndex or ra-PreambleIndex-BFR, if any;

1>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.

< Unchanged parts are omitted >
5.17
Beam Failure Recovery procedure
The beam failure recovery procedure is used for fast detection of and recovery from radio link quality degradation. Beam failure instance is detected by the lower layers and indicated to the MAC entity.

The MAC entity shall:

1>
if Beam-Failure-Instance-MaxCount +1 consecutive beam failure instance indications have been received from lower layers, and;
1> if beamFailureRecoveryTimer is not running:

2>
start beamFailureRecoveryTimer;

2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.

1>
if the beamFailureRecoveryTimer expires:

2>
indicate beam failure recovery failure to upper layers.

1>
if downlink assignment or uplink grant on the PDCCH addressed to the C-RNTI has been received:

2>
stop and reset beamFailureRecoveryTimer;
2>
consider the Beam Failure Recovery procedure successfully completed.
< Unchanged parts are omitted >
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