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1	Introduction
In 3GPP RAN2-101, the following agreement with respect to beam failure recovery was made: 
Agreements
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

[bookmark: _GoBack]According to the agreement, contention free random access (CFRA) for beam failure recovery (BFR) for an SCell is to be supported.  However, there are several remaining issues that need to be addressed in order to implement the agreement. These remaining issues comprise
Whether or not BFR on SpCell for an SCell can be supported as an additional means
In order to implement BFR on an SCell, what are potential impacts with respect to ASN.1 and MAC procedure?
Additionally, the following agreement was made in the ASN.1 breakout session at RAN2#101:
4	Normal contention based resources are used for contention based BFR. There is no allocation of contention based preambles for RA occasions dedicated to BFR.

This agreement is not implemented in 38.321.
This paper addresses these two issues (BFR on SCell and support of CBRA on SpCell) accordingly.
[bookmark: _Ref178064866]2	Discussion
2.1	General issue
The support for BFR on various cell types is summarized in the following table.
Table 1. Support of BFR procedure
	
	SpCell
	SCell

	CFRA BFR
	Supported
	Agreed to support, but currently not in specifications

	CBRA BFR
	Supported as fallback, but not as proper configuration option
	Not supported


2.2	CBRA BFR on the SpCell
This paper addresses how to support CBRA BFR on SpCell as a propoer configuration option in accordance with the agreement from the breakout session above, and how to support CFRA BFR on SCell. Investigating the specification, it can be seen that CBRA BFR on the SpCell is supported as fallback, i.e., only if the RSRP thresholds for the contention free resources are not met. This is not in line with the agreement that "normal contention-based resources are used for contention-based BFR", as the network today has to configure the UE with some CFRA resources which then has to not meet the RSRP thresholds in order for the UE to perform CBRA BFR.
[bookmark: _Toc510687877][bookmark: _Toc510688307][bookmark: _Toc510711163]CBRA BFR on SpCell is not properly supported.
In order to support CBRA BFR on the SpCell, in accordance with the agreement, the MAC entity should use the RACH-ConfigCommon instead of the BeamFailureReocveryConfig when performing the Random access procedure on the SpCell. This can easily be corrected as shown in our CR [3].
[bookmark: _Toc510687884][bookmark: _Toc510687953][bookmark: _Toc510711175]Support of CBRA BFR on SpCell should be implemented by the MAC Entity using RACH-ConfigCommon instead of BeamFailureRecoveryConfig.
2.3	CFRA BFR on the SCell
One of the issues mentioned earlier is whether to support BFR on the SCell by RA transmissions on the SpCell. In the current MAC specification, the MAC entity shall:
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 unless otherwise specified.
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.
So according to the current MAC specification, the CFRA for BFR is only allowed to be initiated on the SpCell. Initiating BFR procedure on the SpCell in support of BFR on the SCell may lead to RACH overload on the SpCell. 
[bookmark: _Toc510622221][bookmark: _Toc510682652][bookmark: _Toc510687878][bookmark: _Toc510688308][bookmark: _Toc510711164]Support of CFRA based BFR for an SCell via PRACH transmission on the SpCell may lead to high RACH load on the SpCell.
The design purpose for BFR is to indicate to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Under this assumption, transmitting CFRA based BFR on the SpCell means that there must be separate PRACH resources configured on the SpCell associated with each SCell. This brings extra signaling overhead. 
[bookmark: _Toc510622222][bookmark: _Toc510682653][bookmark: _Toc510687879][bookmark: _Toc510688309][bookmark: _Toc510711165]Support of CFRA based BFR for an SCell via PRACH transmission on the SpCell requires separate PRACH resources configured on the SpCell associated with each SCell.
Therefore, we think the CFRA based BFR procedure on the SpCell for an SCell should not be supported in NR.
[bookmark: _Toc510622457][bookmark: _Toc510682661][bookmark: _Toc510687885][bookmark: _Toc510687954][bookmark: _Toc510711176]PRACH transmission on the SpCell for CFRA based BFR for an SCell is not supported in NR.
This implies that CFRA BFR on the SCell must be supported through PRACH transmissions on the SCell.
[bookmark: _Toc510687886][bookmark: _Toc510687955][bookmark: _Toc510711177]CFRA BFR on SCell is supported through PRACH transmission on the SCell.
[bookmark: _Ref508869492]2.3.1	Impacts on RRC ASN.1 due to support of CFRA based BFR for an SCell
For BFR to be supported on an SCell it must be configured with resources for beam failure monitoring and resources for beam failure recovery. In this section we investigate whether the network can configure a UE with these resources. First we discuss beam failure monitoring and then we discuss the beam failure recovery.
2.3.1.1	Beam failure monitoring configuration
In [1], the relevant IEs for beam failure monitoring are defined and being discussed. The IEs are copied (where the comments and tracks in the IE are removed to keep clean) below as references. In RadioLinkMonitoringConfig IE, the parameters to trigger the beam failure by a UE based on the downlink measurement are listed. This RadioLinkMonitoringConfig IE is included in the DownlinkBWP-Dedicated IE, where the latter one is further included in the DownlinkBWP IE. The DownlinkBWP IE is used to configure a DL BWP for a UE. According to the discussed signalling structure for DL BWP configuration, BWP specific beam failure monitoring parameters can be configured regardless of whether the associated BWP belongs to an SpCell or an SCell. 
DownlinkBWP ::= 					SEQUENCE {
	bwp-Id								BWP-Id,
	bwp-Common							DownlinkBWP-Common												OPTIONAL,	-- Need M
	bwp-Dedicated						DownlinkBWP-Dedicated											OPTIONAL,	-- Need M
	...
}

DownlinkBWP-Dedicated ::= 			SEQUENCE {
	pdcch-Config						SetupRelease { PDCCH-Config }											OPTIONAL,	-- Need M
	pdsch-Config						SetupRelease { PDSCH-Config }											OPTIONAL,	-- Need M 
	sps-Config							SetupRelease { SPS-Config }												OPTIONAL, 	-- Need M
	RadioLinkMonitoringConfig			SetupRelease { RadioLinkMonitoringConfig }								OPTIONAL,	-- Need M
	...
}

RadioLinkMonitoringConfig ::=			SEQUENCE {
[bookmark: _Hlk508219085]	failureDetectionResources				SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS	OPTIONAL, 	-- Need M
	
	beamFailureInstanceMaxCount				ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10}						
	beamFailureDetectionTimer      			ENUMERATED {pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10}			OPTIONAL,	-- Need R
	...
}

[bookmark: _Toc508801678][bookmark: _Toc510622223][bookmark: _Toc510682654][bookmark: _Toc510687880][bookmark: _Toc510688310][bookmark: _Toc510711166]The RRC IE RadioLinkMonitoringConfig used for configuration of beam failure monitoring already supports DL BWP specific configurations regardless of whether the associated BWP belongs to an SpCell or an SCell.
2.3.1.2	Beam failure recovery
In [1], the IEs to configure the beam failure recovery are defined and being discussed. The parameters to configure CFRA for BFR are included in BeamFailureRecoveryConfig, comprising the PRACH resources, the candidate beam selection and search space for PDCCH monitoring. The BeamFailureRecoveryConfig IE is further included as a part in UplinkBWP-Dedicated IE to configure specific parameters for an uplink BWP. The UplinkBWP-Dedicated IE is further included in the UplinkBWP IE, which is used to configure an uplink BWP for a UE. According to the discussed signalling structure for UL BWP configuration, the beam failure recovery is configured per uplink BWP, regardless of whether the associated uplink BWP belongs to an SpCell or an SCell.
UplinkBWP ::= 			SEQUENCE {
	bwp-Id								BWP-Id,
	bwp-Common							UplinkBWP-Common														OPTIONAL,	-- Need M
	bwp-Dedicated						UplinkBWP-Dedicated														OPTIONAL,	-- Need M
	...
}

UplinkBWP-Dedicated ::= 	SEQUENCE {
	pucch-Config						SetupRelease { PUCCH-Config }											OPTIONAL, 	-- Need M
	pusch-Config						SetupRelease { PUSCH-Config }											OPTIONAL, 	-- Need M
	configuredGrantConfig				SetupRelease { ConfiguredGrantConfig }									OPTIONAL, 	-- Need M
	srs-Config							SetupRelease { SRS-Config }												OPTIONAL, 	-- Need M
	beamFailureRecoveryConfig			SetupRelease { BeamFailureRecoveryConfig }								OPTIONAL,	-- Need M
	...
}
BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)															OPTIONAL,	--	Need M
	rach-ConfigBFR						RACH-ConfigGeneric															OPTIONAL,	--	Need M	candidateBeamThreshold		RSRP-Range																	OPTIONAL,	--	Need M
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	--	Need M
	ra-ssb-OccasionMaskIndex			INTEGER (0..15)																OPTIONAL, 	--	Need M
	recoveryControlResourceSetId		ControlResourceSetId														OPTIONAL	,	-- Need S
	recoverySearchSpaceId				SearchSpaceId																OPTIONAL,	-- Need S
	...
}

[bookmark: _Toc508801679][bookmark: _Toc510622224][bookmark: _Toc510682655][bookmark: _Toc510687881][bookmark: _Toc510688311][bookmark: _Toc510711167]The RRC IE BeamFailureRecoveryConfig used for configuration of beam failure recovery already supports UL BWP specific configurations regardless whether the associated BWP belongs to an SpCell or an SCell.
2.3.1.3	Conclusion on RRC ASN.1 support
According to the above discussions, the beam failure monitoring can be configured per DL BWP and the beam failure recovery can be configured per UL BWP. The gNB can determine whether or how to configure the beam failure monitoring for a DL BWP and/or beam failure recovery for a UL BWP. That is, the gNB can differentially configure beam failure monitoring and recovery for a SpCell/SCell if necessary using the discussed signaling IEs to configure DL/UL BWP. The current signaling structure without differentiating SpCell and SCell seems sufficient to configure CFRA based BFR for SCell. To keep the signaling structure clean and neat, it seems preferable that CFRA based BFR for SCell should not require specific change of the basic signaling structure.
[bookmark: _Toc508801706][bookmark: _Toc509908711][bookmark: _Toc510622225][bookmark: _Toc510682656][bookmark: _Toc510687882][bookmark: _Toc510688312][bookmark: _Toc510711168]Configuration of CFRA BFR for SCell with respect to ASN.1 is already supported. 
2.3.2	Impacts on MAC due to support of CFRA based BFR for an SCell
In a CA scenario, downlink and uplink can be configured with a different number of CCs and different bandwidths, but the number of uplink CCs cannot exceed the number of downlink CCs. Therefore, there may be no uplink CC configured in an SCell. For such a case, the network should not configure CFRA resource for BFR. 
[bookmark: _Toc510622226][bookmark: _Toc510682657][bookmark: _Toc510687883][bookmark: _Toc510688313][bookmark: _Toc510711169]In case an SCell has no uplink CC configured, the network should not configure CFRA resource for BFR.
Additionally, the network may or may not configure any monitor resource (SSB or CSI-RS) for an SCell, we think the CFRA BFR resource and PDCCH monitor resource must be configured together for an SCell. In case there are only monitor resource (SSB or CSI-RS) configured for an SCell, the UE could choose CBRA based procedure which is initiated on the SpCell. This would not be beneficial as the network would need be able to distinguish the BFR for an SCell from other CBRA accesses for that SCell. 
[bookmark: _Toc509908712][bookmark: _Toc510511304][bookmark: _Toc510526184][bookmark: _Toc510531114][bookmark: _Toc510531557]Therefore, we make the below suggestion
[bookmark: _Toc510682662][bookmark: _Toc510687887][bookmark: _Toc510687956][bookmark: _Toc510622458][bookmark: _Toc510711178]For CFRA BFR for an SCell, the network configures CFRA BFR resources and the monitor resources together. 
When discussing the actual implementation in MAC, it should be a small change to initiate the Random Access procedure on the cell which triggered the beam failure. This is reflected in our CR [3].
[bookmark: _Toc510687888][bookmark: _Toc510687957][bookmark: _Toc510711179]The MAC entity shall trigger random access on the cell which triggered the beam failure.
2.3.3	UE capability
According to [2], UE is not mandated to support BFR on SCell. We think it is reasonable due to that a UE can rely on the RLF procedure to re-establish the radio connection when the radio connection is broken. As the BFR capability is optional for a UE, the gNB should know whether a UE supports BFR in SCell or SpCell before configuring the BFR procedure for the UE. Certain UE capability bits with respect to BFR can be defined so that the UE can indicate to the network on whether the UE support the BFR for SpCell and SCell using UE capability bits. Hence we propose,
[bookmark: _Toc510511306][bookmark: _Toc510526187][bookmark: _Toc510531118][bookmark: _Toc510531561][bookmark: _Toc510622459][bookmark: _Toc510682663][bookmark: _Toc510687889][bookmark: _Toc510687958][bookmark: _Toc510711180] Use the UE capability bits to indicate if a UE supports BFR.
2.4	CBRA BFR on the SCell
As described earlier, support of CBRA BFR on the SCell is not beneficial and CBRA in general on the SCell is not supported in the RRC signalling. We think it would increase the load on the common resources where the RAR is received. It is also not clear how the gNB should interpret this random access attempt without any further information.
[bookmark: _Toc510687890][bookmark: _Toc510687959][bookmark: _Toc510711181]CBRA BFR on the SCell is not supported.
3	Conclusion
In section 2 we made the following observations: 
Observation 1	CBRA BFR on SpCell is not properly supported.
Observation 2	Support of CFRA based BFR for an SCell via PRACH transmission on the SpCell may lead to high RACH load on the SpCell.
Observation 3	Support of CFRA based BFR for an SCell via PRACH transmission on the SpCell requires separate PRACH resources configured on the SpCell associated with each SCell.
Observation 4	The RRC IE RadioLinkMonitoringConfig used for configuration of beam failure monitoring already supports DL BWP specific configurations regardless of whether the associated BWP belongs to an SpCell or an SCell.
Observation 5	The RRC IE BeamFailureRecoveryConfig used for configuration of beam failure recovery already supports UL BWP specific configurations regardless whether the associated BWP belongs to an SpCell or an SCell.
Observation 6	Configuration of CFRA BFR for SCell with respect to ASN.1 is already supported.
Observation 7	In case an SCell has no uplink CC configured, the network should not configure CFRA resource for BFR.

We have the following proposals:
Proposal 1	Support of CBRA BFR on SpCell should be implemented by the MAC Entity using RACH-ConfigCommon instead of BeamFailureRecoveryConfig.
Proposal 2	PRACH transmission on the SpCell for CFRA based BFR for an SCell is not supported in NR.
Proposal 3	CFRA BFR on SCell is supported through PRACH transmission on the SCell.
Proposal 4	For CFRA BFR for an SCell, the network configures CFRA BFR resources and the monitor resources together.
Proposal 5	The MAC entity shall trigger random access on the cell which triggered the beam failure.
Proposal 6	Use the UE capability bits to indicate if a UE supports BFR.
Proposal 7	CBRA BFR on the SCell is not supported.
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