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Introduction
Beam Failure Recovery (BFR) was further progressed in RAN2#101 with the following agreements:
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
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).

In parallel, ASN.1 was finalized and RAN agreed to freeze the March 2018 ASN.1 [1]. In this contribution, we analyze the resulting possible configurations allowed by the ASN.1 and suggest some extensions to the above agreement #8 in support of those configurations.
Discussion
In this discussion, we take as usecase a UE configured with two or more BWPs, and being scheduled in an active BWP different from the initial BWP. 
1.1. CFRA-only BFR configuration in the active BWP
Configuring CFRA-only resources in an UL carrier is already quite common in legacy LTE for example to allow a UE acquiring UL synchronization following a PDCCH order in an SCell of an sTAG. But even in SpCells, an UL BWP can be configured with CFRA-only resources for BFR and no CBRA resource: this is allowed by the agreed ASN.1 as shown in Figure 1. Not only this is technically possible, but it is also a useful configuration since it allows e.g. focusing the CBRA resources on the initial BWP only. Not only this was the intention motivating the current fallback to initial BWP already captured in TS38.321 [2], but specifically for BFR, depending on the number of served UEs and candidate beams configured for BFR, the PRACH resources dedicated to BFR can be quite expensive in which case it can bring benefit to configure the active UL BWP with such resources only, while preventing the UE to switch to the initial BWP if BFR is triggered and at least one of the candidate beams meets the RSRP threshold.
Observation 1: It is beneficial from configuration flexibility and resource efficiency perspective to support configuring CFRA-only BFR resources without CBRA resources in an active BWP different from the initial BWP.
Observation 2: Current ASN.1 already allows supporting the above configuration.


[bookmark: _Ref509821991]Figure 1: CFRA-only BFR configuration in the active BWP
However, it is clear that in this case, the above agreement #8 cannot work since some RACH resources are still configured in the active BWP, thus precluding any fallback to initial BWP, but no fallback to CBRA is possible, which breaks the current BFR procedure.
Observation 3: RAN2#101 meeting agreement #8 on BFR is not sufficient to support the above configuration. 
Proposal 1: The BFR procedure should support fallback options in support of configurations where CFRA-only BFR resources are configured in an active BWP different from the initial BWP. 
We now look at the adjustments required to the agreement #8 in support of this configuration.
Clearly, if contention-free resources are configured in the active BWP and a BFR is triggered, the UE should start a random access procedure for BFR in the same BWP, it does not need to switch BWP.
Proposal 2: Upon BFR trigger, a UE in an active BWP where BeamFailureRecoveryConfig is configured initiates BFR-RA in this BWP.
Now, if during the RA procedure, no candidate beam meets the RSRP threshold, the UE shall fallback to CBRA, which is the already agreed extension by RAN2 to the initial RAN1 agreements. However, since no such CBRA resources are available in the active BWP, the UE needs to switch to the initial BWP, as for a regular RA procedure.
Proposal 3: A UE in an active BWP where BeamFailureRecoveryConfig is configured but no CBRA resource is configured (in RACH-ConfigCommon) switches to the initial BWP during the BFR-RA procedure if no candidate beam meets the RSRP threshold.
1.2. BFR triggered in a BFR-less UL BWP  
This is the opposite configuration to the previous one: Beam Failure Detection (BFD) is configured in an UL BWP where no CFRA BFR resources are configured, but CBRA is configured. As shown in Figure 2 this configuration is also supported by the current ASN.1 since RadioLinkMonitoringConfig and BeamFailureRecoveryConfig are independent IEs. This configuration also makes sense considering only one set of CFRA resources associated with the candidate beams for recovery can be shared across BWPs (same beam quality). Thus, such configuration can come in support of a deployment where the operator prefers concentrating all dedicated BFR resources in the initial BWP to minimize BFR resource consumption at the expense of having UE switching BWP upon BFR triggered in an active BWP different from the initial BWP. Such configuration could make sense e.g. if more than 2 BWPs are supported in the UL carrier.
Observation 4: It is beneficial from configuration flexibility and resource efficiency perspective to support configuring CFRA BFR resources in the initial BWP only with regular CBRA resources in an active BWP different from the initial BWP.
Observation 5: Current ASN.1 already allows supporting the above configuration.


[bookmark: _Ref509824223]Figure 2: BFR triggered in a BFR-less UL BWP
But here again, the above agreement #8 would always force the UE to immediately fallback to CBRA in the active BWP although CFRA resources are available in the initial BWP. We believe that should not be the desired behavior in such configuration since the use of CFRA resources for BFR should always be prioritized over CBRA resources.
Observation 6: RAN2#101 meeting agreement #8 on BFR is not sufficient to support the above configuration. 
Proposal 4: The BFR procedure should support fallback options in support of configurations where CBRA-only resources are configured in an active BWP different from the initial BWP and CFRA BFR resources are configured in the initial BWP.
The proposed adjustment to agreement #8 in support of this configuration consists in clarifying that a UE shall switch to the initial BWP upon BFR triggered in an active BWP different from the initial BWP, and when BeamFailureRecoveryConfig IE is configured in the initial BWP but not in the active BWP.
Proposal 5: Upon BFR trigger, a UE in an active BWP where BeamFailureRecoveryConfig is not configured switches to the initial BWP where it initiates BFR-RA if BeamFailureRecoveryConfig is configured in the initial BWP.
Conclusion
In this contribution we suggest some adjustments to the RAN2#101 meeting agreement #8 on fallback options in order to properly support some meaningful and ASN.1-compatible configurations where CFRA-BFR and CBRA resources are not configured together in the same BWP. The resulting observations and proposals are as follows. The corresponding changes to the MAC specification are addressed in our proposed CR capturing all BFR-related corrections [3].
Observation 1: It is beneficial from configuration flexibility and resource efficiency perspective to support configuring CFRA-only BFR resources without CBRA resources in an active BWP different from the initial BWP.
Observation 2: Current ASN.1 already allows supporting the above configuration.
Observation 3: RAN2#101 meeting agreement #8 is not sufficient to support the above configuration. 
Proposal 1: The BFR procedure should support fallback options in support of configurations where CFRA-only BFR resources are configured in an active BWP different from the initial BWP. 
Proposal 2: Upon BFR trigger, a UE in an active BWP where BeamFailureRecoveryConfig is configured initiates BFR-RA in this BWP.
Proposal 3: A UE in an active BWP where BeamFailureRecoveryConfig is configured but no CBRA resource is configured (in RACH-ConfigCommon) switches to the initial BWP during the BFR-RA procedure if no candidate beam meets the RSRP threshold.
Observation 4: It is beneficial from configuration flexibility and resource efficiency perspective to support configuring CFRA BFR resources in the initial BWP only with regular CBRA resources in an active BWP different from the initial BWP.
Observation 5: Current ASN.1 already allows supporting the above configuration.
Observation 6: RAN2#101 meeting agreement #8 is not sufficient to support the above configuration. 
Proposal 4: The BFR procedure should support fallback options in support of configurations where CBRA-only resources are configured in an active BWP different from the initial BWP and CFRA BFR resources are configured in the initial BWP.
Proposal 5: Upon BFR trigger, a UE in an active BWP where BeamFailureRecoveryConfig is not configured switches to the initial BWP where it initiates BFR-RA if BeamFailureRecoveryConfig is configured in the initial BWP.
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UplinkBWP 

bwp-Id BWP-Id,

bwp-Common UplinkBWP-CommonOPTIONAL,--Need M

bwp-Dedicated UplinkBWP-DedicatedOPTIONAL,--Need M

UplinkBWP-Dedicated (w/o BFR)

...

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

beamFailureRecoveryConfig SetupRelease {BeamFailureRecoveryConfig } OPTIONAL,--Need M

UplinkBWP-Common

...

rach-ConfigCommon SetupRelease { RACH-ConfigCommon} OPTIONAL,--Need M

...

RACH-ConfigCommon (w/t CBRA resources)

rach-ConfigGeneric RACH-ConfigGeneric,

totalNumberOfRA-Preambles INTEGER(1..63) OPTIONAL--Need S

ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE{…} OPTIONAL,--Need M

groupBconfigured SEQUENCE{…} OPTIONAL,--Need R

ra-ContentionResolutionTimer ENUMERATED{…}

rsrp-ThresholdSSB RSRP-Range OPTIONAL,--Need R

rsrp-ThresholdSSB-SUL RSRP-Range OPTIONAL, --Need R

prach-RootSequenceIndex CHOICE{…}

msg1-SubcarrierSpacing SubcarrierSpacing,

restrictedSetConfig ENUMERATED{}

msg3-transformPrecoding ENUMERATED {} OPTIONAL,--Need R

BeamFailureRecoveryConfig (CFRA-only resources)

rootSequenceIndex-BFR INTEGER(0..137) OPTIONAL,--Need M

rach-ConfigBFR RACH-ConfigGeneric OPTIONAL,--Need M

candidateBeamThreshold RSRP-Range OPTIONAL,--Need M

candidateBeamRSList SEQUENCE(SIZE(...))OFPRACH-ResourceDedicatedBFR OPTIONAL,--Need M

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

recoveryControlResourceSetId ControlResourceSetId OPTIONAL,--Need S

recoverySearchSpaceId SearchSpaceId OPTIONAL,--Need S

Active BWP

UplinkBWP 

bwp-Id BWP-Id,

bwp-Common UplinkBWP-CommonOPTIONAL,--Need M

bwp-Dedicated UplinkBWP-DedicatedOPTIONAL,--Need M

UplinkBWP-Dedicated (w/t BFR)

...

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

beamFailureRecoveryConfig SetupRelease {BeamFailureRecoveryConfig } OPTIONAL,--Need M

UplinkBWP-Common

...

rach-ConfigCommon SetupRelease { RACH-ConfigCommon} OPTIONAL,--Need M

...

RACH-ConfigCommon (w/t CBRA resources)

rach-ConfigGeneric RACH-ConfigGeneric,

totalNumberOfRA-Preambles INTEGER(1..63) OPTIONAL--Need S

ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE{…} OPTIONAL,--Need M

groupBconfigured  SEQUENCE{…} OPTIONAL,--Need R

ra-ContentionResolutionTimer ENUMERATED{…}

rsrp-ThresholdSSB RSRP-Range OPTIONAL,--Need R

rsrp-ThresholdSSB-SUL RSRP-Range OPTIONAL, --Need R

prach-RootSequenceIndex CHOICE{…}

msg1-SubcarrierSpacing SubcarrierSpacing,

restrictedSetConfig ENUMERATED{}

msg3-transformPrecoding ENUMERATED {} OPTIONAL,--Need R

Initial BWP
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UplinkBWP 


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


UplinkBWP-Dedicated (w/o BFR)


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


UplinkBWP-Common


...
rach-ConfigCommon	SetupRelease { RACH-ConfigCommon}		OPTIONAL,	-- Need M
...


RACH-ConfigCommon (w/t CBRA resources)


rach-ConfigGeneric                					RACH-ConfigGeneric,
totalNumberOfRA-Preambles           			INTEGER (1..63)		OPTIONAL  -- Need S
ssb-perRACH-OccasionAndCB-PreamblesPerSSB   	CHOICE{…}			OPTIONAL, -- Need M
groupBconfigured 						SEQUENCE {…}		OPTIONAL, -- Need R
ra-ContentionResolutionTimer                    		ENUMERATED {…}
rsrp-ThresholdSSB						RSRP-Range                     OPTIONAL, -- Need R
rsrp-ThresholdSSB-SUL                                  		RSRP-Range                     OPTIONAL, -- Need R
prach-RootSequenceIndex					CHOICE{…}
msg1-SubcarrierSpacing                  				SubcarrierSpacing,
restrictedSetConfig                     				ENUMERATED {}
msg3-transformPrecoding                                		ENUMERATED {}		OPTIONAL,  -- Need R


BeamFailureRecoveryConfig (CFRA-only resources)


rootSequenceIndex-BFR		INTEGER (0..137)								OPTIONAL,	-- Need M
rach-ConfigBFR				RACH-ConfigGeneric							OPTIONAL,	-- Need M
candidateBeamThreshold		RSRP-Range								OPTIONAL,	-- Need M
candidateBeamRSList			SEQUENCE (SIZE(...)) 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


Active BWP


UplinkBWP 


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


UplinkBWP-Dedicated (w/t BFR)


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


UplinkBWP-Common


...
rach-ConfigCommon	SetupRelease { RACH-ConfigCommon}		OPTIONAL,	-- Need M
...


RACH-ConfigCommon (w/t CBRA resources)


rach-ConfigGeneric                					RACH-ConfigGeneric,
totalNumberOfRA-Preambles           			INTEGER (1..63)		OPTIONAL  -- Need S
ssb-perRACH-OccasionAndCB-PreamblesPerSSB   	CHOICE{…}			OPTIONAL, -- Need M
groupBconfigured 						SEQUENCE {…}		OPTIONAL, -- Need R
ra-ContentionResolutionTimer                    		ENUMERATED {…}
rsrp-ThresholdSSB						RSRP-Range                     OPTIONAL, -- Need R
rsrp-ThresholdSSB-SUL                                  		RSRP-Range                     OPTIONAL, -- Need R
prach-RootSequenceIndex					CHOICE{…}
msg1-SubcarrierSpacing                  				SubcarrierSpacing,
restrictedSetConfig                     				ENUMERATED {}
msg3-transformPrecoding                                		ENUMERATED {}		OPTIONAL,  -- Need R


Initial BWP
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UplinkBWP 

bwp-Id BWP-Id,

bwp-Common UplinkBWP-CommonOPTIONAL,--Need M

bwp-Dedicated UplinkBWP-DedicatedOPTIONAL,--Need M

UplinkBWP-Dedicated

...

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

beamFailureRecoveryConfig SetupRelease {BeamFailureRecoveryConfig } OPTIONAL,--Need M

UplinkBWP-Common

...

rach-ConfigCommon SetupRelease { RACH-ConfigCommon} OPTIONAL,--Need M

...

RACH-ConfigCommon (w/o CBRA resources)

rach-ConfigGeneric RACH-ConfigGeneric,

totalNumberOfRA-Preambles INTEGER(1..63) OPTIONAL--Need S

ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE{…} OPTIONAL,--Need M

groupBconfigured SEQUENCE{…} OPTIONAL,--Need R

ra-ContentionResolutionTimer ENUMERATED{…}      

rsrp-ThresholdSSB RSRP-Range OPTIONAL,--Need R

rsrp-ThresholdSSB-SUL RSRP-Range OPTIONAL, --Need R

prach-RootSequenceIndex CHOICE{…}

msg1-SubcarrierSpacing SubcarrierSpacing,

restrictedSetConfig ENUMERATED{}

msg3-transformPrecoding ENUMERATED {} OPTIONAL,--Need R

BeamFailureRecoveryConfig (CFRA-only resources)

rootSequenceIndex-BFR INTEGER(0..137) OPTIONAL,--Need M

rach-ConfigBFR RACH-ConfigGeneric OPTIONAL,--Need M

candidateBeamThreshold RSRP-Range OPTIONAL,--Need M

candidateBeamRSList SEQUENCE(SIZE(...))OFPRACH-ResourceDedicatedBFR OPTIONAL,--Need M

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

recoveryControlResourceSetId ControlResourceSetId OPTIONAL,--Need S

recoverySearchSpaceId SearchSpaceId OPTIONAL,--Need S

Active BWP

UplinkBWP 

bwp-Id BWP-Id,

bwp-Common UplinkBWP-CommonOPTIONAL,--Need M

bwp-Dedicated UplinkBWP-DedicatedOPTIONAL,--Need M

UplinkBWP-Dedicated (w/o BFR)

...

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

beamFailureRecoveryConfig SetupRelease {BeamFailureRecoveryConfig } OPTIONAL,--Need M

UplinkBWP-Common

...

rach-ConfigCommon SetupRelease { RACH-ConfigCommon} OPTIONAL,--Need M

...

RACH-ConfigCommon (w/t CBRA resources)

rach-ConfigGeneric RACH-ConfigGeneric,

totalNumberOfRA-Preambles INTEGER(1..63) OPTIONAL--Need S

ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE{…} OPTIONAL,--Need M

groupBconfigured  SEQUENCE{…} OPTIONAL,--Need R

ra-ContentionResolutionTimer ENUMERATED{…}      

rsrp-ThresholdSSB RSRP-Range OPTIONAL,--Need R

rsrp-ThresholdSSB-SUL RSRP-Range OPTIONAL, --Need R

prach-RootSequenceIndex CHOICE{…}

msg1-SubcarrierSpacing SubcarrierSpacing,

restrictedSetConfig ENUMERATED{}

msg3-transformPrecoding ENUMERATED {} OPTIONAL,--Need R

Initial BWP


oleObject1.bin
UplinkBWP-Common


...
rach-ConfigCommon	SetupRelease { RACH-ConfigCommon}		OPTIONAL,	-- Need M
...


UplinkBWP 


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


UplinkBWP-Dedicated


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


RACH-ConfigCommon (w/o CBRA resources)


rach-ConfigGeneric                					RACH-ConfigGeneric,
totalNumberOfRA-Preambles           			INTEGER (1..63)		OPTIONAL  -- Need S
ssb-perRACH-OccasionAndCB-PreamblesPerSSB   	CHOICE{…}			OPTIONAL, -- Need M
groupBconfigured 						SEQUENCE {…}		OPTIONAL, -- Need R
ra-ContentionResolutionTimer                    		ENUMERATED {…}      
rsrp-ThresholdSSB						RSRP-Range                     OPTIONAL, -- Need R
rsrp-ThresholdSSB-SUL                                  		RSRP-Range                     OPTIONAL, -- Need R
prach-RootSequenceIndex					CHOICE{…}
msg1-SubcarrierSpacing                  				SubcarrierSpacing,
restrictedSetConfig                     				ENUMERATED {}
msg3-transformPrecoding                                		ENUMERATED {}		OPTIONAL,  -- Need R


Active BWP


UplinkBWP 


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


BeamFailureRecoveryConfig (CFRA-only resources)


rootSequenceIndex-BFR		INTEGER (0..137)								OPTIONAL,	-- Need M
rach-ConfigBFR				RACH-ConfigGeneric							OPTIONAL,	-- Need M
candidateBeamThreshold		RSRP-Range								OPTIONAL,	-- Need M
candidateBeamRSList			SEQUENCE (SIZE(...)) 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


UplinkBWP-Dedicated (w/o BFR)


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


UplinkBWP-Common


...
rach-ConfigCommon	SetupRelease { RACH-ConfigCommon}		OPTIONAL,	-- Need M
...


RACH-ConfigCommon (w/t CBRA resources)


rach-ConfigGeneric                					RACH-ConfigGeneric,
totalNumberOfRA-Preambles           			INTEGER (1..63)		OPTIONAL  -- Need S
ssb-perRACH-OccasionAndCB-PreamblesPerSSB   	CHOICE{…}			OPTIONAL, -- Need M
groupBconfigured 						SEQUENCE {…}		OPTIONAL, -- Need R
ra-ContentionResolutionTimer                    		ENUMERATED {…}      
rsrp-ThresholdSSB						RSRP-Range                     OPTIONAL, -- Need R
rsrp-ThresholdSSB-SUL                                  		RSRP-Range                     OPTIONAL, -- Need R
prach-RootSequenceIndex					CHOICE{…}
msg1-SubcarrierSpacing                  				SubcarrierSpacing,
restrictedSetConfig                     				ENUMERATED {}
msg3-transformPrecoding                                		ENUMERATED {}		OPTIONAL,  -- Need R


Initial BWP



