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1. Introduction

In the last meeting, a LS is received from RAN1. RAN1 agreed beam failure recovery is additionally support on SCells.

It is noted that BFR is already supported for PCell and PSCell, therefore the remaining question is whether BFR can be supported for SCell as well. An email discussion was conducted in RAN1 and the summary is provided in [1]. After further discussion, it is agreed that beam failure recovery is additionally supported on SCell in Rel.15. The number of SCells BFR needs to be supported on is 1. UE is not mandated to support BFR on SCell. Note that there is no additional RAN1 specification impact for BFR on SCell. 

Based on the LS, RAN2 discussed how to support the beam failure recovery on SCell and agreed at least CFRA BFR can be configured for SCell as baseline. 
Agreements

1 Single maxpreamble, powerampingstep and received target power parameters are used that can have different values depending on why the random access is used (BFR or not).  
3
From RAN2 point of view beamFailureRecoveryTimer is not supported

4
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
PHY delivers to MAC “beam failure instance” notifications only and MAC maintains a timer for resetting the counter:

-  the timer is (re)started upon every new reception of “beam-failure instance”. 

-  At timer expiry the counter is reset.

Furthuremore RAN2 discussed how to detect the beam failure. However it didn’t discussed whether the beam failure should be detected per Serving Cell. In this contribution, we intend to discuss the remaining issues on beam failure detection.
2. Beam failure recovery for SCell
In CFRA triggerd by BFR on SpCell, there are two steps which are listed as following. 

· Step 1: UE transmits preamble for BFR on SpCell;

· Step 2: UE receives response to preamble transmission for BFR from SpCell, i.e. uplink grant or downlink assignment addressed to C-RNTI on dedicated BFR-CORESET on SpCell.

For SpCell, the next issue is whether Preamble for SpCell BFR can be transmitted on other SCells. Normally the SpCell is more robustness for data transmission and always has the uplink. Therefore it is reasonable that preamble for SpCell BFR is only transmitted on SpCell when CA is configured.

Proposal 1:  In Rel-15, for BFR on SpCell, preamble for SpCell BFR is only transmitted on SpCell. 
For SCells, RAN2 agreed at least CFRA BFR can be configured for SCell with ASN.1 as baseline. The question arises in two aspects: (a) which cell is used to transmit the preamble for BFR when beam failure is detected on a SCell and (b) which cell is used to receive the response to preamble transmission after preamble transmission for beam failure recovery has been performed. 

For these two aspects for CFRA triggered by BFR, there are four cases, which we are going to analyse in the following separately.

· Case 1: Preamble is transmitted on SpCell while response to preamble transmission for BFR is received the dedicated CORESET from PCell as showed in figure 1.
· In this case the CFRA BFR needs to be assisted by SpCell for preamble transmission and response reception. The network needs to configure the contention free random access resource. The UE can receive the response for BFR by monitoring the dedicated CORESET for SpCell. We believe this case can be needed when uplink is not configured in SCell. There may have one drawback. The candidicate beam identification is based on RSRP. Even if the RSRP for a candidate beam is higher than a threshold, it does not represent this candidate beam is good for PDCCH transmission, e.g. the SINR of this candidate beam is low. Therefore it may be more accurate to declare beam failure recovery is successful when the UE has received a DCI from this SCell rather than PCell.
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Figure 1: case 1 for CFRA BFR for SCells
· Case 2: Preamble is transmitted on SpCell while response to preamble transmission for BFR is received the dedicated CORESET from this SCell as showed in figure 2.
· In this case the CFRA BFR needs to be assisted by SpCell for preamble transmission only. This case can also work when uplink is not configured in SCell. However, compared with case 1, dedicated BFR CORESET needs to be configured on SCell for monitoring the response. 
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Figure 2: case 2 for CFRA BFR for SCells
· Case 3: Preamble is transmitted on the SCell configured with BFR while response to preamble transmission for BFR is received the dedicated CORESET from this SCell as showed in figure 3.
· In this case the CFRA BFR does not need to be assisted by SpCell for preamble transmission only. However, this case will only be applicable for the SCell configured with Uplink and also, dedicated BFR-CORESET needs to be configured for SCell. 
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Figure 3: case 3 for CFRA BFR for SCells

· Case 4: Preamble is transmitted on this SCell while response to preamble transmission for BFR is received the dedicated CORESET from this SpCell as showed in figure 4.
· In this case the CFRA BFR needs to be assisted by SpCell for response reception only. Again, this case is only applicable when Uplink is configured in the SCell. For the response reception on the SCell, it may have the same drawback as descibled in case 1.
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Figure 4: case 4 for CFRA BFR for SCells

Based on above analysis, we think case 1 is the most simple and reasonable approach and propose the following in Rel-15. 

Proposal 2:  In Rel-15, for BFR on SCell, (a) response for the beam failre recovery for the SCell is always receive on SCell; (b) when SCell is configured with uplink, preamble for SCell BFR is transmitted on SCell; (c) when SCell is not configured with uplink, preamble for SCell BFR is transmitted on  the other Serving Cell.
3. Beam failure detection for SCell
Based on TS 38.321, the following parameters and variables (with highlight) are used for beam failure detection. 
	RRC configures the following parameters in the BeamFailureRecoveryConfig for the Beam Failure Detection and Recovery procedure:
-
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.


Furthermore RAN2 agreed beam failure recovery is supported on SCells, i.e. “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”. The question arises whether or not beam failure should be detected per Serving Cell, i.e. parameters and vailables should maintained/configured per Serving Cell. We believe it is reasonable that beam failure should be detected per Serving Cell and we are going to disccess the parameters and variables separately.

· Variable: BFI_COUNTER
The variable BFI_COUNTER is used to counting the beam failure instance indication. Since beam failure can be detected on both SpCell and SCells, it is reasonable that BFI_COUNTER should be maintained per Serving Cell configured with BFR.
Proposal 3: The variable BFI_COUNTER is maintained for each Serving Cell configured with BFR. 
· Parameters:
· beamFailureInstanceMaxCount
· beamFailureDetectionTimer
· beamFailureCandidateBeamThreshold 
· beamFailureRecoveryTimer
Parameters beamFailureInstanceMaxCount and beamFailureDetectionTimer are used to determine whether beam failure is detected. Specially if BFI_COUNTER = beamFailureInstanceMaxCount + 1, beam failure is detected and the MAC entity initiates a Random Access procedure. Similar with the reason decribled in BFI_COUNTER, these parameters should be configured per Serving Cell configured with BFR. beamFailureCandidateBeamThreshold is used to determine the available candidate beam. The channel condition between different frequencies for SpCell and SCell may be different. It is reasonable to configure this parameter per Serving Cell.
Proposal 4: The parameters beamFailureInstanceMaxCount, beamFailureCandidateBeamThreshold and beamFailureDetectionTimer are configured for each Serivng Cell configured with BFR. 
Based on the above discussions, correction has been provideded in [4] and appended in Section 6 for reference. 
4. Conclusion

In this contribution, we discuss beam failure detection and we have the following proposals 
Proposal 1:  In Rel-15, for BFR on SpCell, preamble for SpCell BFR is only transmitted on SpCell. 
Proposal 2:  In Rel-15, for BFR on SCell, (a) response for the beam failre recovery for the SCell is always receive on SCell; (b) when SCell is configured with uplink, preamble for SCell BFR is transmitted on SCell; (c) when SCell is not configured with uplink, preamble for SCell BFR is transmitted on  the other Serving Cell.
Proposal 3: The variable BFI_COUNTER is maintained for each Serving Cell configured with BFR. 
Proposal 4: The parameters beamFailureInstanceMaxCount, beamFailureCandidateBeamThreshold and beamFailureDetectionTimer are configured for each Serivng Cell configured with BFR. 
Based on the above discussions, correction has been provideded in [3] and appended in Section 6 for reference. 
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6. Correction on 38321 for beam failure recovery for SCell

==========================BEGIN OF THE 1ST CHANGE=============================
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 on a Serving Cell is detected by counting the corresponding beam failure instance indication from the lower layers to the MAC entity.
RRC configures the following parameters in the BeamFailureRecoveryConfig for the Beam Failure Detection and Recovery procedure:
-
beamFailureInstanceMaxCount for the beam failure detection (per Serving Cell);
-
beamFailureDetectionTimer for the beam failure detection (per Serving Cell);
-
beamFailureCandidateBeamThreshold: an RSRP threshold for the beam failure recovery (per Serving Cell);
-
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 (per Serving Cell): counter for beam failure instance indication which is initially set to 0.
The MAC entity shall for each Serving Cell configured with beam failure recovery:

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

2>
if BFI_COUNTER = beamFailureInstanceMaxCount  + 1:

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

1>
if the beamFailureDetectionTimer expires:
2>
set BFI_COUNTER to 0.

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

2>
consider the Beam Failure Recovery procedure successfully completed.
==========================BEGIN OF THE 2nd CHANGE=============================

5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the Random Access procedure was initiated for beam failure recovery for a Serving Cell (as specified in subclause 5.17); and

1>
if the contention-free Random Access Resources for beam failure recovery request for the Serving Cell 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 cfra-csirs-DedicatedRACH-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 cfra-csirs-DedicatedRACH-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-RSs 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 cfra-csirs-DedicatedRACH-Threshold amongst the associated CSI-RSs is available:

2>
select a CSI-RS with CSI-RSRP above cfra-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>
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 is configured; 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 – msg3-DeltaPreamble – 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 shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).

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 shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, 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 shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers; 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).

=========================BEGIN OF THE 3RD CHANGE=============================

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 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 Serving Cell where beam failure is detected 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 is running.

==========================END OF CHANGES====================================
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