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1. Introduction

In addition to SpCell, RAN1(#92) agrees that SCell also supports beam failure detection and recovery:
	Agreement:
In Rel-15, additionally support BFR on SCell

· Number of SCells BFR needs to be supported on is 1

· UE is not mandated to support BFR on SCell 

· Note: There is no additional RAN1 specification impact for BFR on SCell. 


RAN2 (#101) also assumes than CFRA BFR can be done for SCell:

	Agreements

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


According to current beam failure detection and recovery procedure [1], beam failure is declared if there are sufficient beam failure instances during a time period, i.e. due to poor radio link quality of serving beams. Then, it is supposed that transmissions between the serving gNB and the UE are possibly to be failed until the beam failure is recovered, e.g. via a new serving beam with adjusted transmission power. So, these transmissions should be prevented. Otherwise, power is unnecessarily consumed and it may result in interference, e.g. due to beam misalignment.
2. Discussion

One existing case that the UE should stop transmissions is SCell deactivation [1] (as well as BWP deactivation). UE behaviours in response to SCell deactivation could be considered as a starting point and evaluated about whether these behaviours are also applicable to beam failure case.
	1>
else if an SCell Activation/Deactivation MAC CE is received deactivating the SCell; or

1>
if the sCellDeactivationTimer associated with the activated SCell expires: 

2>
deactivate the SCell according to the timing defined in TS 38.213 [6];

2>
stop the sCellDeactivationTimer associated with the SCell;
2>
stop the bandwidthPartInactivityTimer associated with the SCell;
2>
clear any configured downlink assignment and any configured uplink grant Type 2 associated with the SCell respectively;

2>
suspend any configured uplink grant Type 1 associated with the SCell;
2>
flush all HARQ buffers associated with the SCell.
[…]
1>
if the SCell is deactivated:

2>
not transmit SRS on the SCell;

2>
not report CSI for the SCell;

2>
not transmit on UL-SCH on the SCell; 

2>
not transmit on RACH on the SCell;

2>
not monitor the PDCCH on the SCell;

2>
not monitor the PDCCH for the SCell;

2>
not transmit PUCCH on the SCell.


Our evaluation is shown in the following table:

	UE behaviour for SCell deactivation
	Applicability to beam failure case

	Clear configured downlink assignment and configured uplink grant Type 2
	Applicable.

Unnecessary DL SPS monitoring and UL transmissions via configured uplink grant Type 2 should be prevented during beam failure. Either clearing or suspending the resources can achieve the purpose. Clearing the resources is preferred in order to have aligned behaviours.

	Suspend configured uplink grant Type 1
	Applicable.

Unnecessary UL transmissions via configured uplink grant Type 1 should be prevented during beam failure. Either clearing or suspending the resources can achieve the purpose. Suspending the resources is preferred in order to have aligned behaviours.

	Flush HARQ buffers
	Not applicable.

Since UL HARQ is asynchronous, retransmissions would not be performed during beam failure. MAC PDUs in HARQ buffers could be retransmitted after beam failure recovery.

	Not transmit SRS
	Applicable.
The benefit to have SRS transmissions during beam failure is unclear. To have aligned behaviours, not performing SRS transmissions during beam failure is preferred.

	Not report CSI
	Applicable.
The same reason that unnecessary CSI reporting should be prevented during beam failure.

	Not transmit on UL-SCH
	Partially applicable.

If contention based random access procedure is used for beam failure recovery, Msg3 needs to be transmitted via UL-SCH. Other transmissions on UL-SCH should be prevented during beam failure.

	Not transmit on RACH
	Not applicable.

Beam failure recovery via RACH needs RACH transmission.

	Not monitor the PDCCH
	Not applicable.

Beam failure recovery needs PDCCH monitoring.

	Not transmit PUCCH
	Applicable.
Since RAN1 has no progress on PUCCH for beam failure recovery, PUCCH transmissions for other purposes are supposed to be failed and should be prevented during beam failure.


Based on above evaluation, we propose the following UE behaviours to be performed for a Serving Cell where the beam failure is declared, i.e. BFI_COUNTER for the Serving Cell = beamFailureInstanceMaxCount + 1:
Proposal 1:
DL SPS and configured uplink grant Type 2 for a Serving Cell are cleared when beam failure is declared for the Serving Cell.
Proposal 2:
Configured uplink grant Type 1 for a Serving Cell is suspended when beam failure is declared for the Serving Cell.
Proposal 3:
If beam failure has been declared for a Serving Cell and not recovered, the UE shall:

· Not transmit SRS on the Serving Cell
· Not report CSI for the Serving Cell
· Not transmit on UL-SCH on the Serving Cell except for Msg3

· Not transmit PUCCH on the Serving Cell

Correspondingly, the following UE behaviours should be performed if Beam Failure Recovery procedure for the Serving Cell is successfully completed:
Proposal 4:
Configured uplink grant Type 1 for a Serving Cell is resumed when Beam Failure Recovery procedure for the Serving Cell is successfully completed.

Proposal 5:
If Beam Failure Recovery procedure for a Serving Cell is successfully completed, the UE shall apply normal operation including:

· SRS transmissions on the Serving Cell
· CSI reporting for the Serving Cell
· UL-SCH transmissions on the Serving Cell

· PUCCH transmissions on the Serving Cell, if configured

And remaining UE behaviours for SCell deactivation are not applicable to beam failure case:

Proposal 6:
HARQ buffers associated with a Serving Cell are not flushed due to beam failure of the Serving Cell.

Proposal 7:
Transmissions on RACH on a Serving Cell are not suspended due to beam failure of the Serving Cell.

Proposal 8:
PDCCH monitoring for a Serving Cell is not suspended due to beam failure of the Serving Cell.

3. Conclusion

To prevent unnecessary transmissions when beam failure is declared for a Serving Cell, we have the following proposals for the Serving Cell involving in beam failure and recovery:
Proposal 1:
DL SPS and configured uplink grant Type 2 for a Serving Cell are cleared when beam failure is declared for the Serving Cell.
Proposal 2:
Configured uplink grant Type 1 for a Serving Cell is suspended when beam failure is declared for the Serving Cell.
Proposal 3:
If beam failure has been declared for a Serving Cell and not recovered, the UE shall:

· Not transmit SRS on the Serving Cell
· Not report CSI for the Serving Cell
· Not transmit on UL-SCH on the Serving Cell except for Msg3

· Not transmit PUCCH on the Serving Cell

Proposal 4:
Configured uplink grant Type 1 is resumed when Beam Failure Recovery procedure for the Serving Cell is successfully completed.

Proposal 5:
If Beam Failure Recovery procedure for a Serving Cell is successfully completed, the UE shall apply normal operations including:

· SRS transmissions on the Serving Cell
· CSI reporting for the Serving Cell
· UL-SCH transmissions on the Serving Cell

· PUCCH transmissions on the Serving Cell, if configured

Proposal 6:
HARQ buffers associated with a Serving Cell are not flushed due to beam failure of the Serving Cell.

Proposal 7:
Transmissions on RACH on a Serving Cell are not suspended due to beam failure of the Serving Cell.

Proposal 8:
PDCCH monitoring for a Serving Cell is not suspended due to beam failure of the Serving Cell.

And  corresponding text proposal is provided as below.
4. Reference

[1] 3GPP TS 38.321, V15.1.0, NR MAC protocol specification.

5. Text Proposal
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 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.

The MAC entity shall:

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

2>
increment BFI_COUNTER for the Serving Cell by 1;

2>
if BFI_COUNTER for the Serving Cell = beamFailureInstanceMaxCount + 1:

3>
clear any configured downlink assignment and any configured uplink grant Type 2 associated with the Serving Cell respectively;
3>
suspend any configured uplink grant Type 1 associated with the Serving Cell;
3>
initiate a Random Access procedure (see subclause 5.1) on the Serving Cell by applying the parameters configured in BeamFailureRecoveryConfig;
1>
if the Random Access procedure on the Serving Cell is ongoing:

2>
not transmit SRS on the Serving Cell;
2>
not report CSI for the Serving Cell;
2>
not transmit on UL-SCH on the Serving Cell except for Msg3;
2>
not transmit PUCCH on the Serving Cell.
1>
if the beamFailureDetectionTimer for a Serving Cell expires:

2>
set BFI_COUNTER for the Serving Cell to 0.

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

2>
(re-)initialize any suspended configured uplink grants of configured grant Type 1 on the active BWP according to the stored configuration, if any, and to start in the symbol according to rules in subclause 5.8.2;
2>
apply normal operations including:
3>
SRS transmissions on the Serving Cell;
3>
CSI reporting for the Serving Cell;
3>
UL-SCH transmissions on the Serving Cell;
3>
PUCCH transmissions on the Serving Cell, if configured.
2>
consider the Beam Failure Recovery procedure successfully completed.
