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1 Introduction

Beam failure recovery for SCell was discussed in RAN2 #101 and following agreement was made:

In this contribution we discuss the changes needed in the MAC in order to support Beam Failure Recovery for SCell.
2 Discussion
2.1 Beam Failure Detection
According to beam failure detection and recovery procedure specified in subclause 5.17 (see highlighted text below) of MAC specification [2], it is assumed that beam failure indication received from lower layers is for SpCell only. If BFR is also supported on SCell in addition to SpCell, beam failure indication can be for SpCell or SCell. In order to support BFR on SCell (other than PSCell), 

·  MAC entity should know the serving cell (SpCell or SCell) for which it has received the beam failure indication from lower layers. 
The beamFailureDetectionTimer and BFI_COUNTER are maintained per MAC entity in current MAC specification [2]. However if BFR is supported for SCell, MAC entity will receive beam failure indication for multiple serving cells (i.e. SpCell and SCell) independently. MAC entity should be able to monitor beam failure indications and detect beam failure of each of them independently. In order to support BFR on SCell (other than PSCell),

·  MAC entity should maintain beamFailureDetectionTimer, BFI_COUNTER separately for each serving cell for which it has received beam failure indication from lower layers.
So, we propose:
Proposal 1: MAC entity maintains beamFailureDetectionTimer, BFI_COUNTER separately for each serving cell for which it has received beam failure indication from lower layers.
2.2 RA Initiation for BFR 
If the BFI_COUNTER reaches nrOfBeamFailureIndication, the MAC entity [2] initiates Random Access procedure on the SpCell for BFR. In order to support BFR on SCell (other than PSCell),

· MAC entity should initiate Random Access procedure on the serving cell for which BFI_COUNTER reaches nrOfBeamFailureIndication.
So, we propose:

Proposal 2: MAC entity initiates Random Access procedure on the serving cell for which BFI_COUNTER reaches nrOfBeamFailureIndication.

2.3 BFR Request Transmission 

BFR request is implicitly indicated by transmitting Msg1. In the current MAC specification[2], upon initiation of Random Access procedure for BFR, for transmitting Random Access Preamble (i.e. Msg1), MAC entity can either select contention free or contention based random access resources if contention free random access resources are configured. MAC entity prioritises the selection of contention free random access resources if available for the candidate beams. This procedure works well for BFR on SpCell as contention based random access resources are always available.
In case for BFR on SCell only contention free random access resources are configured. Contention based random access is not supported on SCell. So in order to support BFR on SCell (other than PSCell), 

· MAC entity should use only contention free random access resources for BFR on SCell. The fall back to contention based random access resources should be restricted to BFR on SpCell only.
So, we propose:

Proposal 3:  MAC entity uses only contention free random access resources for BFR on SCell. During the selection of random access resources for BFR, usage of contention based random access resources should be restricted to BFR on SpCell only.
2.4 BFR Response

According to current MAC specification [2], for BFR based on contention-free random access resources, MAC entity monitors PDCCH of the SpCell in ra-ResponseWindow configured in BeamFailureRecoveryConfig for receiving the BFR response. If MAC entity receives a PDCCH addressed to C-RNTI indicating DL assignment or UL grant in ra-ResponseWindow, BFR response is successfully received (i.e. Random Access procedure for BFR is successfully completed and beam failure recovery is considered successful).
For supporting BFR on SCell, no new mechanism needs to be defined for receiving the BFR response. For receiving the BFR response, MAC entity can simply monitor PDCCH of the SpCell in ra-ResponseWindow configured in BeamFailureRecoveryConfig of the SCell for which BFR is initiated. If MAC entity receives a PDCCH addressed to C-RNTI indicating DL assignment or UL grant for the SCell for which BFR is initiated in ra-ResponseWindow, BFR response is successfully received
Proposal 4: For receiving the BFR response for BFR on SCell, MAC entity monitors PDCCH of the SpCell in ra-ResponseWindow configured in BeamFailureRecoveryConfig of the SCell for which BFR is initiated. If MAC entity receives a PDCCH addressed to C-RNTI indicating DL assignment or UL grant for the SCell for which BFR is initiated, Random Access procedure for BFR is considered successfully completed and beam failure recovery is considered successful.
The text changes for the above proposals is provided in appendix.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: MAC entity maintains beamFailureDetectionTimer, BFI_COUNTER separately for each serving cell for which it has received beam failure indication from lower layers.
Proposal 2: MAC entity initiates Random Access procedure on the serving cell for which BFI_COUNTER reaches nrOfBeamFailureIndication.

Proposal 3:  MAC entity uses only contention free random access resources for BFR on SCell. During the selection of random access resources for BFR, usage of contention based random access resources should be restricted to BFR on SpCell only.
Proposal 4: For receiving the BFR response for BFR on SCell, MAC entity monitors PDCCH of the SpCell in ra-ResponseWindow configured in BeamFailureRecoveryConfig of the SCell for which BFR is initiated. If MAC entity receives a PDCCH addressed to C-RNTI indicating DL assignment or UL grant for the SCell for which BFR is initiated, Random Access procedure for BFR is considered successfully completed and beam failure recovery is considered successful.
Proposal 5: Adopt the TP in Annexure.
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5 Annexure: Text Proposal

<Start of modification 1>
5.1 5.17 Beam Failure Detection and Recovery procedure
The MAC entity may be configured by RRC with a beam failure recovery procedure which 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 is detected by counting beam failure instance indication from the lower layers to the MAC entity.
RRC configures the following parameters in the serving cell’s BeamFailureRecoveryConfig for the Beam Failure Detection and Recovery procedure of that serving cell:
-
beamFailureInstanceMaxCount for the beam failure detection;
-
beamFailureDetectionTimer for the beam failure detection;

-
beamFailureCandidateBeamThreshold: an RSRP threshold for the beam failure recovery;

-
preamblePowerRampingStep: preamblePowerRampingStep for the beam failure recovery;

-
preambleReceivedTargetPower: preambleReceivedTargetPower for the beam failure recovery;

-
preambleTxMax: preambleTxMax for the beam failure recovery;
-
ra-ResponseWindow: the time window to monitor response(s) for the beam failure recovery using contention-free Random Access Preamble.

The following UE variables are used for the beam failure detection procedure:

-
BFI_COUNTER: counter for beam failure instance indication which is initially set to 0.
The MAC entity shall for each activated serving cell for which BeamFailureRecoveryConfig is configured:

1>
if beam failure instance indication has been received from lower layers for this Serving Cell:
2>
start or restart the beamFailureDetectionTimer for this Serving Cell;
2>
increment BFI_COUNTER for this Serving Cell by 1;

2>
if BFI_COUNTER = beamFailureInstanceMaxCount + 1:

3>
initiate a Random Access procedure (see subclause 5.1) on the SpCell on this Serving Cell by applying the parameters configured in BeamFailureRecoveryConfig.

1>
if the beamFailureDetectionTimer for this Serving Cell expires:
2>
set BFI_COUNTER for this Serving Cell to 0.

1>
if the Random Access procedure is successfully completed (see subclause 5.1):

2>
consider the Beam Failure Recovery procedure successfully completed for this Serving Cell.
<End of modification 1>
<Start of modification 2>
5.1.1 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 the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>
start the ra-ResponseWindow configured in BeamFailureRecoveryConfig of the Serving Cell for which the beam failure recovery request was transmitted 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-ResponseWindow is running.
1>
else:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon 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 configured in RACH-ConfigCommon is running.
1>
if notification of a reception of a PDCCH transmission indicating DL assignment or UL grant for the Serving Cell for which beam failure recovery request was transmitted 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>
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 configured in RACH-ConfigCommon 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-ResponseWindow configured in BeamFailureRecoveryConfig expires and if the PDCCH addressed to the C-RNTI indicating DL assignment or UL grant for the Serving Cell for which beam failure recovery request was transmitted 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>
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.
<End of modification 2>
<Start of modification 3>
5.1.2 5.1.1 Random Access Resource selection

The MAC entity shall:

1>
if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17); and
1>
if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and
1>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or the CSI-RSs with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>
select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or 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 SSB 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 SSBs 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 SSBs have been explicitly provided by RRC and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>
select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
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 if the Random Access procedure was initiated on SpCell:
2>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:

3>
select an SSB with SS-RSRP above rsrp-ThresholdSSB.

2>
else:

3>
select any SSB.

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 – deltaPreambleMsg3 – messagePowerOffsetGroupB:

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 SSBs is configured:

3>
select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group.
2>
else:

3>
select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles within the selected Random Access Preambles group.
2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex.

1>
if an SSB is selected above and an association between PRACH occasions and SSBs is configured:

2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion 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 in ra-OccasionList 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 occasion).

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

<End of modification 3>
RAN2 Agreement [1]:


Assume that at least CFRA BFR can be configured for SCell using ASN.1.  FFS if there are any major impacts to support this in UP





5.17	Beam Failure Detection and Recovery procedure


:


The MAC entity shall:


1>	if beam failure indication has been received from lower layers:


2>	start or restart the beamFailureDetectionTimer;


2>	increment BFI_COUNTER by 1;


2>	if BFI_COUNTER = nrOfBeamFailureIndication:


3>	initiate a Random Access procedure (see subclause 5.1) on the SpCell by applying the parameters configured in BeamFailureRecoveryConfig unless otherwise specified.














