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1. [bookmark: OLE_LINK2]Introduction
The general procedure of the mechanism to recover from beam failure has been discussed thoroughly in previous RAN 1 meetings. However, there are still some remining issues with other RAN groups that need to be clarified on beam recovery, for example, the support of BFR on SCell, and replacing CORESET-BFR with search space BFR. In this contribution, we would like to provide our views on those remaining issues.
2. Support BFR on SCell
In the LS from RAN 2 [1], four questions were raised as following: 
[bookmark: _Hlk513733495]Q4: The purpose of BFR on SCell is to support a rapid recovery mechanism in scenarios where the PCell typically is on sub 6 GHz, but SCell is on mmW, according to R1-1803397 (RAN1 e-mail discussion, referenced in the LS). In this scenario it is not unlikely that the SCell will be downlink-only to make use of the better uplink coverage in the PCell. Shall BFR on SCells with downlink only be supported, in addition to SCells with downlink and uplink?
Q5: RAN2 has so far identified the following broad solutions for BFR on SCell:
a)	CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
b)	CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.
c)	CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.
d)	MAC CE transmission on PCell to indicate the new beams.
Other solutions are not precluded. Given that RAN1 concluded that "there is no additional RAN1 specification impact", is there any solution which should be avoided, or which is preferred from a RAN1 perspective?
Q6: RAN2 understand that the UE may be configured with several SCells in mmW. What is the reason to limit the support of BFR to one SCell?
Q7: What is the intended UE behavior of BFR (e.g. whether to stop beam failure detection/recovery) on the deactivated SCell?

In our view, the answers for those questions are as following. We have drafted a reply to the LS in another contribution [2].
[bookmark: _Hlk513733524]A4: BFR on SCell with DL only should be supported. In the scenario of SCell with DL only, support to configure PRACH resource from PCell for the candidate beams on SCell.
[bookmark: _Hlk513733538]A5: Solution (c) is preferred. As for the scenario of SCell with DL only, RACH resources on PCell can be configured to be associated with candidate beams on SCell. When beam failure- is detected in SCell, CFRA based beam recovery request is transmitted on PCell and gNB response is monitored on PCell.
[bookmark: _Hlk513733549]A6: The concern comes from the PRACH resource overhead and UE battery consumption. If BFR are supported in multiple SCells, more PRACH resources from PCell are needed to associate with the candidate beams in multiple SCells, and more beams need to be measured for beam failure detection and new candidate beam identification, which will cause UE battery consumption. 
[bookmark: _Hlk513733563]A7: UE shall stop all BFR related behavior (e.g., beam failure detection, BFR request transmission, gNB response monitoring) on the deactivated SCell.
Proposal 1: Adopt the answers in our contribution [2] for replying LS to RAN 2.
3. [bookmark: OLE_LINK30]Support BFR on SCell
In RAN 1 #92 meeting [5], following agreements on support BFR on SCell were reached:
	Agreement:
[bookmark: OLE_LINK11]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. 



[bookmark: OLE_LINK10]Based on our understanding as illustrated in section 2, the concern for SCell number restriction comes from the PRACH resource overhead and UE battery consumption. If BFR is supported in multiple SCells, more PRACH resources from PCell are needed to associate with the candidate beams in multiple SCells, and more beams need to be measured for beam failure detection and new candidate beam identification, which will cause UE battery consumption. However, both PRACH resource and UE battery consumption are impacted by beam number rather than SCell number. For example, the PRACH resource is related to the beam number for new candidate beam identification. The UE battery consumption is also related to the beam number for beam failure detection and new candidate beam identification. In that sense, the number of SCells BFR needs to be supported on should be up to UE capability, e.g., the beam number for beam failure detection and new candidate beam identification. The NW can configure BFR for all the CCs but the number of activated SCells configured with BFR should not exceed UE capability at any given time. For example, assuming 8 beams are used for new candidate beam identification in different CCs, following cases are possible with the same UE complexity and PRACH resource overhead. Therefore, it is unreasonable to limit the number of SCells supporting BFR to be 1 for all UEs. In addition, such limitation on number of SCells will largely restrict the scheduling flexibility on high frequency. 
· [bookmark: OLE_LINK12]Case 1: 2CC CA:
· CC#1: UE monitors 4 new candidate beams
· CC#2: UE monitors 4 new candidate beams
· Case2) 2CC CA:
· CC#1: UE monitors no new candidate beams
· CC#2: UE monitors 8 new candidate beams
· Case3) 4CC CA: 
· CC#1: UE monitors 2 new candidate beams
· CC#2: UE monitors 2 new candidate beams
· CC#3: UE monitors 2 new candidate beams
· CC#4: UE monitors 2 new candidate beams
Based on the discussion above, we propose as following:
Proposal 2: In Rel-15, additionally support BFR on SCell
· Number of SCells BFR needs to be supported on is 1 is up to UE capability of maximum number of RS resource for beam failure detection and number of RS resource for new candidate beam identification across all CCs.
· Take above into account in LS reply to RAN2.
4. Replace CORESET-BFR with search space BFR
In RAN 2 #101bis meeting [3], CORESET-BFR is deleted as following [4]:
-- ASN1START
-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)				OPTIONAL,	--	Need M
	-- Configuration of contention free random access occasions for BFR
	rach-ConfigBFR						RACH-ConfigGeneric				OPTIONAL,	--	Need M
	-- L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free 
	-- Random Access to recover from beam failure. The signalled threshold is applied directly for SSB, a threshold for 
	-- CSI-RS is determined by linearly scaling singalled value based on Pc_ss corresponding to the CSI-RS resource.
	-- (see FFS_Specification, FFS_Section)
	candidateBeamThreshold		RSRP-Range								OPTIONAL,	--	Need M
	-- A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recover and the associated RA parameters
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	--	Need M
	-- Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources
	ra-ssb-OccasionMaskIndex			INTEGER (0..15)					OPTIONAL, 	--	Need M
	-- Search space to use for BFR RAR. If the field is absent, the UE uses the initial Serach Space (SearchSpaceId = 0).
	recoverySearchSpaceId				SearchSpaceId					OPTIONAL,	-- Need S
	...
}

PRACH-ResourceDedicatedBFR ::= 		CHOICE {
	ssb									BFR-SSB-Resource,
	csi-RS								BFR-CSIRS-Resource
}
Based on the previous RAN 1 agreements, UE will be configured with one CORESET and one search space which are one-to-one mapping for monitoring gNB response for beam recovery request. This CORESER is a special control resource set which does not have TCI configuration, and UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. However, as the PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space, it seems a dedicated search space is sufficient for gNB response monitoring. One concern is that which beam shall be used for monitoring as search space need to follow the TCI configuration of associated CORESET. A possible solution is that the dedicated search space can ignore the TCI state configured for the corresponding CORESET, and UE shall assume the dedicated search space is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. Based on the discussion, we have following observations and proposals:
Observation 1: CORESET-BFR is not supported in TS. 38.331.
Observation 2: Search space-BFR for gNB response monitoring works well without CORESET-BFR.
Proposal 3: Search space-BFR is configured dedicated for gNB response monitoring during beam recovery procedure. 
Proposal 4: Search space-BFR can ignore the TCI state configured for the corresponding CORESET. UE assumes that the dedicated search space is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. 
5. Text proposal
Text proposal 1
[bookmark: OLE_LINK6]For set  used for beam failure detection when UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the RS sets shall be associated with ‘QCL-TypeD’ indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH.
[bookmark: OLE_LINK7]Based on the agreements [5] in QCL session, only the RS quasi co-located with ‘QCL-TypeD’ are used for beam management. Based on current description in section 6 of TS 38. 213 [6], the RS sets indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH are considered as , however, the RS sets indicated by the TCI states may associated with other QCL type, e.g., QCL-TypeA for Doppler shift, doppler spread and so on. Therefore, it is better to have following change.
	If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set     to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with ‘QCL-TypeD’ indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH.


Text proposal 2
Based on the agreements achieved in RAN1, the RS set for new candidate beam identification is periodic CSI-RS and SS-block, while in current description in section 6 of TS. 38. 213 [6], it does not specify that the CSI-RS used for new candidate beam identification is periodic. Therefore, we propose following change.
	A UE can be configured, for a serving cell, with a set   of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell.


Proposal 5: Adopt the proposed text proposals for TS 38.213.
5. 	Summary
Based on the discussion, we have the following proposals.
Observation 1: CORESET-BFR is not supported in TS. 38.331.
Observation 2: Search space-BFR for gNB response monitoring works well without CORESET-BFR.
Proposal 1: Adopt the answers for replying LS from RAN 2.
Proposal 2: In Rel-15, additionally support BFR on SCell
· Number of SCells BFR needs to be supported on is 1 is up to UE capability of maximum number of RS resource for beam failure detection and number of RS resource for new candidate beam identification across all CCs.
· Take above into account in LS reply to RAN2.
Proposal 3: Search space-BFR is configured dedicated for gNB response monitoring during beam recovery procedure. 
Proposal 4: Search space-BFR can ignore the TCI state configured for the corresponding CORESET. UE assumes that the dedicated search space is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. 
Proposal 5: Adopt the proposed text proposals for TS 38.213.
Text proposal:
	If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set     to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with ‘QCL-TypeD’ indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH.



	A UE can be configured, for a serving cell, with a set   of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell.
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