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1   Introduction
In RAN2#100 meeting, the following agreements were made [1]:

	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.


According to the above agreements, aside from contention free RACH, UE may also perform contention based RACH for beam failure recovery. However, it was not clear whether those agreements are applicable for beam failure recovery on SCells. In the MAC spec, it implied that the beam failure request is only applicable to SpCell but not for SCells. In this contribution, beam failure recovery for SCell is analysed. 
2   Discussion

In the current TS38.321, regarding to beam failure recovery, it is specified:
	5.1.2
Random Access Resource selection
1>
if the Random Access procedure was initiated by a beam failure indication from lower layer; 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 above rsrp-ThresholdSSB amongst the associated SS blocks or the CSI-RSs with CSI-RSRP above csirs-dedicatedRACH-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-dedicatedRACH-Threshold amongst the 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;

5.1.4
Random Access Response reception
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 X symbols (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;
<Text removed here>

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 is detected by the lower layers and indicated to the MAC entity.
The MAC entity shall:

1>
if beam failure indication has been received from lower layers:
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 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 and reset beamFailureRecoveryTimer;
2>
consider the Beam Failure Recovery Request procedure successfully completed.


From the above procedure, we can see beam failure recovery for SCell seems not being supported in current TS38.321. Based on the text, the UE does not distinguish on which cell the beam failure happens in either RACH procedure or beam failure recovery request procedure, but the UE only monitors PDCCH for beam failure recovery response on SpCell. Therefore, the beam failure recovery related procedure is only supported for SpCell case in the existing MAC spec. 
Observation 1: In the current TS 38.321, beam failure recovery request is only supported for SpCell but not for SCell.

However, in CA case, the UE may be configured with SpCell and SCells on different frequencies of different bands. It is likely that beam failure may occur on SCells while SpCell works well. Once beam failure occurs on an SCell, the gNB cannot be aware of this unless UE reports the failure, i.e. initiate beam failure recovery request for the SCell. Therefore, beam failure recovery request for SCell should be considered.
Observation 2: It is likely that the beam failure problem is detected for a SCell while the SpCell works well.

Proposal 1: Support beam failure recovery request for SCells.
The next issue is how to send the request for beam failure recovery for SCells. The options include:

Option-1: Contention free RACH. Similar to what has been specified in the current specs for SpCell, dedicated RACH resources can be configured for each beam recovery candidate of each SCell. The dedicated RACH resources may need to be configured on SpCell in case there is no uplink for a SCell.
Option-2:
Contention based RACH. Similar to BFR for SpCell, the UE may perform CBRA on SCell if uplink is configured for the SCell. However, it is not clear how CBRA works for the SCell without uplink configured.

Option-3: PUCCH on SpCell or PUCCH SCell. As the SpCell or PUCCH SCell may not experience a beam failure problem, the UE can simply send an indication over PUCCH of SpCell or PUCCH SCell to indicate the beam failure recovery request for a SCell. One possibility is that, a SR-PUCCH like resource in SpCell or PUCCH SCell can be linked to each beam candidate of a SCell, and the UE can send on the PUCCH resource once a beam failure is detected on a SCell.
Option-4: MAC CE via PUSCH. Similar to option-3, MAC CE can be used to indicate the beam failure recovery request for a SCell, instead of PUCCH. In this case, no dedicated PUCCH resource on SpCell or PUCCH SCell is needed for each beam of each SCell.
It is simple to support option-1 (i.e. CFRA), but it may consume too many dedicated RACH resources, especially when the SCell does not have uplink and all the dedicated RACH resources need to be provided on SpCell. On the other hand, there may be cases that when beam failure happens, the UE has to switch to the initial BWP with dedicated RACH resource for the purpose of RACH. The switch will cause interruption of the ongoing data transmission.
Option-2 (i.e. CBRA) is not necessary as SpCell may still be applicable, and the SCell may not have uplink configured.

Option 3 and option 4 are more efficient than RACH based solutions, as other serving cells may not have any problem and thus normal uplink transmission over other available cells can indicate the beam failure recovery request for the failed SCells.
Proposal 2: Contention free RACH is supported for beam failure recovery request for SCells.

Proposal 3: Contention based RACH is not supported for beam failure recovery request for SCells.

Proposal 4: PUCCH and/or MAC CE over available serving cells can be supported for beam failure recovery request for SCells.

For the failure case, i.e. when the beamFailureRecoveryTimer expires, according to the MAC spec, the UE will indicate beam failure recovery request failure to the upper layers, i.e. RRC. This notification should be applied to SCells as well as SpCell. RRC should trigger RLF, e.g. MCG/SCG RLF accordingly. 

Proposal 5: The UE will indicate beam failure recovery request failure to RRC when the beamFailureRecoveryTimer expires, for SCells as well as SpCell.
Proposal 6: Upon receiving such beam failure recovery request failure indication, RRC triggers RLF accordingly.
3   Conclusion

By discussing the beam failure recovery request procedure for SCell, we have the following observation and proposals:

Observation 1: In the current TS 38.321, beam failure recovery request is only supported for SpCell but not for SCell.

Observation 2: It is likely that the beam failure problem is detected for a SCell while the SpCell works well.

Proposal 1: Support beam failure recovery request for SCells.

Proposal 2: Contention free RACH is supported for beam failure recovery request for SCells.

Proposal 3: Contention based RACH is not supported for beam failure recovery request for SCells.

Proposal 4: PUCCH and/or MAC CE over available serving cells can be supported for beam failure recovery request for SCells.
Proposal 5: The UE will indicate beam failure recovery request failure to RRC when the beamFailureRecoveryTimer expires, for SCells as well as SpCell.
Proposal 6: Upon receiving such beam failure recovery request failure indication, RRC triggers RLF accordingly.
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