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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
In last meeting, RAN2 discussed BFR and achieved below agreements. In this contribution, we discuss BFR on SCell in detail.
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.
6	A BFR counter is maintained and incremented at every “beam-failure instance” indication.  When the counter reaches MaxBFI the UE trigger BFR
[bookmark: _Hlk507720843]7	Timer is configured in number of periods (periodicity of BFD RS).  Nokia will trigger email discussion on deciding the values for timer using [CB 180] 
8	As in all other cases the UE performs random access for BFR on active BWP if RACH resources are available, otherwise it falls back to initial BWP. On each BWP the same prioritization rule is applied (CFRA and then CBRA).

Discussion
2.1 CFRA BFR on SCell
We agreed that “Assume that at least CFRA BFR can be configured for SCell using ASN.1”. This section discusses how to perform CFRA BFR on SCell and the impact on the specifications.
We first confirm the above assumption that CFRA BFR can be configured for SCell using ASN.1: as shown in Figure 1, any SCell (ServingCellConfig) can be configured, in the initial UL BWP, with CFRA BFR resources via UplinkConfig->initialUplinkBWP->beamFailureRecoveryConfig. Note that such configuration is also possible in each UL BWP of the SCell. Note also that not only the CFRA resources are configured in beamFailureRecoveryConfig , but also the associated CORESET-BFR and search space (recoveryControlResourceSetId, recoverySearchSpaceID) for monitoring the response. 
Observation 1-1: The assumption from RAN2#101 that “at least CFRA BFR can be configured for SCell using ASN.1” is confirmed. 



[bookmark: _Ref510521901]Figure 1: CFRA BFR configuration in ASN.1
We now look at the impact on the MAC specification. There are two options for running the CFRA BFR procedure on an SCell.

· [bookmark: OLE_LINK3]Option 1: SCell UL + SCell DL
When UE detected beam failure in an SCell, the direct way to recover the beam correspondence is to perform CFRA BFR in the SCell UL and SCell DL.With the two steps of the CFRA procedure (Msg1 in UL and PDCCH with C-RNTI in DL), UE gets UL/DL beam correspondence immediately.


Figure 2: SCell UL + SCell DL (CFRA BFR)

The impacts of option 1 on the MAC specification are:
1) MAC should initiate RA procedure on SCell
Currently, the MAC subclause states “The Random Access procedure on an SCell other than PSCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.” Since there is CFRA resource configuration on SCell in current RRC specification, the only impact on specification is that BFR-initiated Random Access should be added, on top of PDCCH order, as usecase for Random Access procedure on SCell in MAC specification.
Observation 1-2: BFR-triggered Msg1 in SCell UL has minor impact on MAC specification.
2) UE should monitor BFR response on SCell
The rule of “UE should not monitor Msg2 in SCell” came from RAN1 decision to not support CSS monitoring for RA-RNTI in SCell. But as mentioned above the BFR response is a special Msg2 which is a PDCCH with C-RNTI and could be configured in USS. 
Observation 1-3: BFR response on SCell can be implemented by configuring CORESET-BFR in USS.

· Option2: SCell UL + PCell DL
In option 2, BFR response is transmitted in PCell and there is no random access response in SCell DL. Then the CORESET-BFR could be in CSS or USS. The random access procedure of option 2 is similar to the current CFRA on SCell (PDCCH order for SCell of sTAG). However, because gNB cannot indicate SCell DL beams to the UE directly via BFR response on PCell, gNB should send SCell DL beam indication to UE (such as via MIMO MAC CE) after RA procedure. The additional step of SCell DL beam indication has no impact on specification but it will delay SCell UL/DL beam correspondence and increase the signaling overhead for beam recovery. Finally, as shown in Figure 1, current ASN.1 only supports configuring the CORESET-BFR and search space for monitoring the BFR response in the same Serving Cell where is configured the CFRA BFR resources. Therefore, option 2 would introduce some additional complexity in ASN.1 to define a cross-cell association between CFRA BFR resources and CORESET-BFR.


Figure 2SCell UL + PCell DL (CFRA BFR)
Observation 2-1: In option 2, gNB should send an SCell DL beam indication to the UE after 2-step RA procedure, which increases the signaling overhead and delays the whole beam recovery procedure.
Observation 2-2: Option 2would introduce some additional complexity in ASN.1 to define a cross-cell association between CFRA BFR resources and CORESET-BFR.
Based on the above discussion, BFR CFRA can be implemented in the MAC specification with only few revisions. Comparing option 1 and option 2, option 1 is much simpler. Because UE should monitor PDCCH in SCell USS anyway, the impact to specification that UE should receive BFR response on SCell DL within USS is acceptable.
Proposal 1: UE should perform CFRA BFRon SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.

2.2 CBRA BFR
In non-CA case, UE falls back to CBRA BFR when no CFRA resources can be used (none of the associated candidate beam meets the RSRP threshold). When beam failure is detected in SCell but no candidate beams meets the RSRP threshold, there are 2 possible options.
Option 1: UE doesn’t perform CBRA BFR on SCell
In this option, UE falls back on any CFRA resource for CFRA BFR, or just abandons the BFR procedure. UE has little chance to recover the beam correspondence via CFRA resources with bad channel condition, so UE should terminate (unsuccessfully) the BFR directly if it doesn’t perform CBRA BFR. Moreover, we should note that it is useless to initiate CBRA on PCell due to BFD on SCell, because gNB can’t identify the RACH cause is BFR on SCell and the UL/DL beams within the RA procedure on PCell can’t reflect the UL/DL beams on SCell.
Without BFR procedure, it is possible for gNB to receive CSI report or SRS of SCell from the UE and send SCell DL beam indication to UE. This method is not as fast and efficient as the CFRA BFR, but it can be considered as a decent fallback mechanism for the SCell.


Figure 3: No CBRA BFR on SCell
Observation 3: Although not as efficient as the CFRA BFR, existing CSI based link quality monitoring mechanisms are sufficient fall back to CFRA BFR on SCell.

Option 2: CBRA BFR on SCell
The procedure of CBRA BFR on SCell is: 
· Msg1 in SCell UL; 
· Msg2 in PCell DL (because we don’t want to introduce CSS monitoring in SCell DL);
· Msg3 and Msg4 are in PCell.
In this procedure, Msg1 is not aligned with the current specification. Supporting contention-based Msg1 on SCell would be a clear departure from legacy. On the other hand, Msg2, Msg3 and Msg4 are the same as the current CBRA procedure in CA (on SpCell). However, since it is contention-based, gNB can’t identify the UE until the contention is resolved. In other words only after the CBRA procedure is successfully completed, gNB can send SCell DL beam indication to the UE according to the Msg1 beam from SCell UL.


Figure 4SCell UL + PCell DL
Observation 4: Supporting CBRA BFR fallback on SCell is a big departure from legacy.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 2:No CBRA fallback is supported for BFR on SCell: if none of the candidate beams meets the RSRP threshold the MAC entity should terminate the BFR procedure on SCell.
Conclusion 
In this contribution, we discuss the BFR on SCell and propose:
CFRA BFR:
Proposal 1: UE should perform CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
CBRA BFR:
Proposal 2: No CBRA fallback is supported for BFR on SCell: if none of the candidate beams meets the RSRP threshold the MAC entity should terminate the BFR procedure on SCell.
The results of these proposals are captured in the aggregated CR for BFR [1].
Conclusion 
[bookmark: _Ref484943431][bookmark: _Ref484876858][1] R2-1804514	TS38.321 CR 50, “Corrections for BFR support”, CATT
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BFR configuration

RACH-ConfigCommon

RACH-ConfigGeneric

prach-ConfigurationIndex INTEGER(0..255),

msg1-FDM ENUMERATED {one, two, four, eight},

msg1-FrequencyStart INTEGER(0..maxNrofPhysicalResourceBlocks-1),

zeroCorrelationZoneConfig INTEGER(0..15),

preambleReceivedTargetPower INTEGER (-200..-74)

,

preambleTransMax ENUMERATED{…}

powerRampingStep ENUMERATED{dB0, dB2, dB4, dB6},

ra-ResponseWindow ENUMERATED{…}

BeamFailureRecoveryConfig

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...))OFPRACH-ResourceDedicatedBFROPTIONAL,--Need M

ra-ssb-OccasionMaskIndex INTEGER(0..15) OPTIONAL, --Need M

recoveryControlResourceSetId ControlResourceSetId OPTIONAL,--Need S

recoverySearchSpaceId SearchSpaceId OPTIONAL,--Need S

PRACH-ResourceDedicatedBFR

CHOICE{

ssb BFR-SSB-Resource,

csi-RS BFR-CSIRS-Resource

}

BFR-SSB-Resource

ssb SSB-Index,

Ra-PreambleIndex INTEGER(0..63),

BFR-CSIRS-Resource

csi-RS NZP-CSI-RS-ResourceId,

ra-OccasionList SEQUENCE(1..maxRA-OccasionsPerCSIRS)OFINTEGER(0..maxRA-Occasions-1) OPTIONAL,--Need R

ra-PreambleIndex INTEGER(0..63) OPTIONAL,--Need R

UplinkConfig 

...

--The dedicated (UE-specific) configuration for the initial uplink bandwidth-part.

initialUplinkBWP UplinkBWP-Dedicated OPTIONAL, --Cond ServCellAdd

--The additional bandwidth parts for uplink. In case of TDD uplink-and downlink BWP with the same 

--bandwidthPartId are considered as a BWP pair and must have the same center frequency. 

uplinkBWP-ToReleaseList SEQUENCE(SIZE(1..maxNrofBWPs))OFBWP-Id OPTIONAL,--Need N

uplinkBWP-ToAddModList SEQUENCE(SIZE(1..maxNrofBWPs))OFUplinkBWP OPTIONAL,--Need N

...

ServingCellConfig (e.g. Scell)

…

uplinkConfig UplinkConfig OPTIONAL,--Cond ServCellAdd-UL

supplementaryUplinkUplinkConfig OPTIONAL, --Cond ServCellAdd-SUL

...

UplinkBWP-Dedicated

...

--Determines how the UE performs Beam Failure Recovery upon detection of a Beam Failure

beamFailureRecoveryConfig SetupRelease {BeamFailureRecoveryConfig } OPTIONAL,--Need M

UplinkBWP 

bwp-Id BWP-Id,

bwp-Common UplinkBWP-Common OPTIONAL,--Need M

bwp-Dedicated UplinkBWP-DedicatedOPTIONAL,--Need M
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BFR configuration


RACH-ConfigCommon


RACH-ConfigGeneric


prach-ConfigurationIndex		INTEGER (0..255),
msg1-FDM					ENUMERATED 	{one, two, four, eight},
msg1-FrequencyStart			INTEGER (0..maxNrofPhysicalResourceBlocks-1),
zeroCorrelationZoneConfig		INTEGER(0..15),
preambleReceivedTargetPower	INTEGER (-200..-74),
preambleTransMax			ENUMERATED {…}
powerRampingStep			ENUMERATED {dB0, dB2, dB4, dB6},
ra-ResponseWindow			ENUMERATED {…}
  


BeamFailureRecoveryConfig


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...)) 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


PRACH-ResourceDedicatedBFR


CHOICE {
	ssb		BFR-SSB-Resource,
	csi-RS		BFR-CSIRS-Resource
	}


BFR-SSB-Resource


ssb				SSB-Index,
Ra-PreambleIndex	INTEGER(0..63),


BFR-CSIRS-Resource


csi-RS				NZP-CSI-RS-ResourceId,
ra-OccasionList		SEQUENCE (1..maxRA-OccasionsPerCSIRS) OF INTEGER (0..maxRA-Occasions-1)	OPTIONAL,	-- Need R
ra-PreambleIndex	INTEGER (0..63)												OPTIONAL,	-- Need R



UplinkConfig 


...
-- The dedicated (UE-specific) configuration for the initial uplink bandwidth-part.
initialUplinkBWP			UplinkBWP-Dedicated		OPTIONAL, 	-- Cond ServCellAdd
-- The additional bandwidth parts for uplink. In case of TDD uplink- and downlink BWP with the same 
-- bandwidthPartId are considered as a BWP pair and must have the same center frequency. 
uplinkBWP-ToReleaseList	SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id	OPTIONAL,	-- Need N
uplinkBWP-ToAddModList	SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkBWP	OPTIONAL,	-- Need N
...


ServingCellConfig (e.g. Scell)


…
uplinkConfig		UplinkConfig	OPTIONAL,	-- Cond ServCellAdd-UL
supplementaryUplink	UplinkConfig	OPTIONAL, 	-- Cond ServCellAdd-SUL
...


UplinkBWP-Dedicated


...
-- Determines how the UE performs Beam Failure Recovery upon detection of a Beam Failure
beamFailureRecoveryConfig		SetupRelease {BeamFailureRecoveryConfig }	OPTIONAL,	-- Need M


UplinkBWP 


bwp-Id		BWP-Id,
bwp-Common	UplinkBWP-Common	OPTIONAL,	-- Need M
bwp-Dedicated	UplinkBWP-Dedicated	OPTIONAL,	-- Need M



