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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK141][bookmark: OLE_LINK142]CA enhancement is an important issue in the WID of DC/CA enhancement. In this contribution, we discuss the impact of BFR on this issue.
Discussion
BFR (Beam Failure Recovery) has been introduced in Rel-15 for fast link recovery. Due to the time plan, NR Rel-15 only completed the basic procedure of BFR. It can’t work well when beam failure is detected in SCell as analysed below. We need to consider it further in Rel-16.
BFR on SCell is not supported in Rel-15. It is not essential for keeping RRC connection since the beam correspondence of SpCell is maintained. However, we need to discuss it in the WID of DC/CA enhancement because beam correspondence of SCell is also important for CA.
CA deployment scenarios extracted from TS36.300 [1] are shown below. NR CA has same TRPs deployment with much higher frequency scope.
Table 1 CA Deployment Scenarios (F2 > F1).
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	


	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenarios are both when F1 and F2 are DL non-contiguous carrier on the same band, e.g., 1.7 GHz, etc. and F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	


	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	



Based on the CA deployment scenarios, the UL/DL beam correspondence of SCell can be different from PCell because of two reasons:
1) Inter-frequency deployment with large frequency difference, such as FR1 for PCell and FR2 for SCell;
2) Different TRP locations of PCell and SCell as scenario 4 and scenario 5.
In case 1), it is clear that both the shorter latency and higher throughput advantages of NR over LTE will mainly be provided by the higher frequency SCell. In other words, the CA performance in maintaining a good link quality over the SCell is key in guaranteeing a good user experience. 
In case 2), similar observation can be made that the CA performance in maintaining a good link quality regardless of the UE mobility across SCells is key in guaranteeing a good user experience.
Observation 1: Maintaining a good CA performance across SCells, especially in high frequencies (FR2) and/or non-collocated SCell, is key to guarantee a good user experience of the NR technology.
In NR Rel-15, UE can perform BFD on SCell and initiates RA procedure on PCell when beam failure is detected [2]. This procedure is simple but can’t resolve the beam failure in SCell at all when SCell has different UL/DL beam correspondence with PCell. The RACH resources on PCell are configured according to the UL/DL beam of PCell. Although gNB can indicate new TCI states of SCell to UE after RA procedure, unfortunately gNB can’t even realize the RA procedure was initiated by a beam failure in the SCell.


Figure 2 BFD on SCell and BFR on PCell in NR Rel-15

Observation 2: The current Rel-15 BFR is useless in support of beam failure on the SCell for CA deployments where the UL/DL beam correspondence of SCell is different from PCell.
During Rel-15 discussions, it was also argued that gNB can leverage CQI reports from SCell on the reliable PCell link, which could play the same role as BFR. However, this is inaccurate since CQI reports come in support of beam management across the serving beams whereas BFR allows quick recovery of a beam failure over all serving beams by UE providing an alternate preferred beam from a set of candidate beams different from the serving beams, for gNB to re-select. In order to achieve the same functionality, upon observation from CQI reports that all serving beams are weak, gNB must re-configure CQI reports on other beams for assessing a new beam. This is obviously quite slow since it involves RRC re-configuration, UE measurement on the new beams and CQI reporting.
Observation 3: Recovery from failure of serving beams on SCell based on CQI reports only is slow and inefficient compared to the BFR procedure.
To guarantee CA performance, beam maintenance of SCell is important for keeping SCell transmission. Since NR Rel-15 can’t resolve beam failure in SCell, BFR on SCell should be introduced in Rel-16.
Proposal 1: BFR on SCell should be supported in Rel-16.
CFRA is supported in SCell. As shown in Figure 2, 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 4: We can confirm that “at least CFRA BFR can be configured for SCell using Rel-15 ASN.1”. 


[bookmark: _Ref510521901]Figure 2: CFRA BFR configuration in ASN.1
The solutions of BFR on SCell can be discussed further. Since CFRA is supported in SCell and CFRA BFR can be configured for SCell using current ASN.1, we can take CFRA-BFR on SCell as baseline in NR Rel-16.
Proposal 2: Take CFRA-BFR on SCell as baseline in NR Rel-16.
Conclusion
In this contribution, we discuss BFR on SCell in Rel-16 and provide below proposals.
Observation 1: Maintaining a good CA performance across SCells, especially in high frequencies (FR2) and/or non-collocated SCell, is key to guarantee a good user experience of the NR technology.
Observation 2: The current Rel-15 BFR is useless in support of beam failure on the SCell for CA deployments where the UL/DL beam correspondence of SCell is different from PCell.
Observation 3: Recovery from failure of serving beams on SCell based on CQI reports only is slow and inefficient compared to the BFR procedure.
Proposal 1: BFR on SCell should be supported in Rel-16.

Observation 4: We can confirm that “at least CFRA BFR can be configured for SCell using Rel-15 ASN.1”. 
Proposal 2: Take CFRA-BFR on SCell as baseline in NR Rel-16.
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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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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
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