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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 including the objective of specifying BFR for SCell [1], i.e., . 
	<Captured in latest Rel-16 eMIMO WID>
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2  


Specifically, in Rel-15, beam failure recovery (BFR) is only supported on SpCell (i.e., PCell in SA, NR-DC, or NE-DC operation mode, and PSCell in NR-DC and EN-DC operation mode) but not on SCell. Provided that BFR mainly addresses FR2, which is often configured as SCell (e.g., it is a common deployment scenario where FR2 SCell(s) in SA provide high-throughput data connection), there was a strong desire to support BFR on SCell as well back in Rel-15. The issue was extensively discussed in RAN1/RAN2 but was terminated due to lack of time to complete this feature in Rel-15 scope, thus making the above-mentioned SCell BFR mechanism as one objective in Rel-16 MIMO enhancement work item. 
In previous RAN4#94-Bis-e, the following agreement for SCell BFR is achieved [8]: 
	· SCell Beam failure recovery
· BFD and CBD on SCell
· BFD Sharing factor for FR2 inter-band CA, FR1 CA and FR1-FR2 CA
· It is assumed that UE performance can’t be guaranteed by RAN4 requirement if UE is required to perform BFD/CBD on more than 1 serving cell per band.
· For FR1 inter-band CA: 
· FFS: 
· Option 1: The sharing factor is proportional to the number of bands on which UE is performing BFD/CBD. 
· Option 2: The sharing factor is proportional to the number of bands on which UE is performing BFD/CBD only for SCell
· For FR2 inter-band CA: 
· FFS
· For FR1-FR2 inter-band CA: 
· FFS
· CBD Sharing factor for FR2 inter-band CA, FR1 CA and FR1-FR2 CA: 
· Apply the same conclusion from BFD sharing factor.  
· SCell Beam Failure Recovery Request
· Necessity of Requirement of Step-1 of BFRQ on SCell
· RAN4 should define the requirement of PUCCH-based link recovery request (LLR), in which UE reports beam failure event through a dedicated SR like PUCCH resources. 
· How the requirement of Step-1 of BFRQ on SCell should be defined:
· Option 1: The requirement will be defined as: 
· After detecting beam failure in a Scell [and determining that the L1-RSRP of one candidate beam in SCell is greater than the configured threshold], UE is required to transmit scheduling request in the PSCell or SCell within a period T
· FFS UE need to start BFRQ step 1 (SR on PUCCH for SCell BFR) after UE detects one candidate beam in SCell greater than the configured threshold (or UE detects no candidate beams greater than the configured threshold)
· Where T is equal to the periodicity of PUCCH that has been configured with schedulingRequestForBFR.
· Option 2: After detecting beam failure in an SCell, UE is required to transmit scheduling request on PUCCH configured for SR for BFR within a period T, where 
· T = T1 x Ceil((T2 + D) / T1),
· T1 is equal to the periodicity of PUCCH configured with schedulingRequestForBFR. 
· T2 is the time to perform the candidate beam detection.
· If network configures beamFailureRecoveryTimer, T2 = MIN(beamFailureRecoveryTimer, TEvaluate_CBD)
· If network does not configure beamFailureRecoveryTimer, T2 = TEvaluate_CBD.
· TEvaluate_CBD is the evaluation period for candidate beam detection specified in TS38.133 8.5.5 and 8.5.6. 
· D is the UE Processing time. D=0 if not necessary. 
· If requirement is introduced, whether to define the delay requirement of BFR procedure in PCell/PSCell in Rel-16:
· If SCell BFRQ requirement is introduced, no need to define the delay requirement of BFR procedure in Pcell/PSCell in Rel-16



In this discussion paper, we would like to further provide our view for outstanding issues for SCell BFR RRM requirement for the target of work item core requirement completion.

2 Discussion
2.1 BFD and CBD on SCell
In previous meetings, since Rel-16 BFR could be performed over multiple SCells (based on UE capability), some company propose that it would require to investigate whether or not to introduce sharing factor when multiple SCells are configured for BFR procedure, i.e., for BFD and CBD time periods. Particularly, in RAN4#94-e, the following agreement is achieved for FR2 intra-band CA: 
	· BFD on SCell: 
· Sharing factor for BFD Time Period for FR1 and FR2
· No BFD evaluation period will be specified for performing BFD measurement on more than 1 serving cell per band: 
· Sharing factor for BFD evaluation period due to BFD over multiple Sells will not be introduced for FR2 intra-band CA
· No RAN4 performance requirement will be defined for more than 1 serving cell per band perform BFD measurement
· FFS Sharing factor for BFD evaluation period for FR1 CA, FR2 inter-band CA and FR1-FR2 CA. 


While for the FR1 inter-band CA, FR2 inter-band CA and FR1-FR2 CA, RAN4 still decided to further study as captured in WF[8] in RAN4#94-bis-e: 
	· SCell Beam failure recovery
· BFD and CBD on SCell
· BFD Sharing factor for FR2 inter-band CA, FR1 CA and FR1-FR2 CA
· It is assumed that UE performance can’t be guaranteed by RAN4 requirement if UE is required to perform BFD/CBD on more than 1 serving cell per band.
· For FR1 inter-band CA: 
· FFS: 
· Option 1: The sharing factor is proportional to the number of bands on which UE is performing BFD/CBD. 
· Option 2: The sharing factor is proportional to the number of bands on which UE is performing BFD/CBD only for SCell
· For FR2 inter-band CA: 
· FFS
· For FR1-FR2 inter-band CA: 
· FFS



Considering BFD/CBD on SCell shall have low priority compared with BFD/CBD on PCell/PSCell, the newly introduced BFD and CBD on SCell should not have negative impact on BFD/CBD operation on PCell/PSCell. 
Observation-1: Rel-16 BFD and CBD on SCell should not have negative performance impact on BFD/CBD operation on PCell/PSCell. 

Considering the above observation 1 and also for the sake of easy description of sharing factor, for FR1 inter-band CA, FR2 inter-band CA and FR1-FR2 CA, we propose that the evaluation periods for BFD and CBD on SCell needs to be scaled according to the number of SCells so the cell detection/identification and measurement can be conducted in a sequential way. 
Proposal-1: For FR1 inter-band CA, FR2 inter-band CA and FR1-FR2 CA, a sharing factor is introduced in BFD and CBD evaluation period: 
  - The sharing factor is proportional to the number of bands on which UE is performing BFD/CBD for SCell. 

2.2 Beam Failure Recovery Request (BFRQ)
Based on the agreement from RAN4#94-bis-e, RAN4 agree to introduce the requirement of PUCCH-based link recovery request (LLR), in which UE reports beam failure event through a dedicated SR like PUCCH resources. Accordingly, the detailed requirement needs to be discussed and defined. Specifically, the following two options for proposals are provided in last meeting:
  
	· How the requirement of Step-1 of BFRQ on SCell should be defined:
· Option 1: The requirement will be defined as: 
· After detecting beam failure in a Scell [and determining that the L1-RSRP of one candidate beam in SCell is greater than the configured threshold], UE is required to transmit scheduling request in the PSCell or SCell within a period T
· FFS UE need to start BFRQ step 1 (SR on PUCCH for SCell BFR) after UE detects one candidate beam in SCell greater than the configured threshold (or UE detects no candidate beams greater than the configured threshold)
· Where T is equal to the periodicity of PUCCH that has been configured with schedulingRequestForBFR.
· Option 2: After detecting beam failure in an SCell, UE is required to transmit scheduling request on PUCCH configured for SR for BFR within a period T, where 
· T = T1 x Ceil((T2 + D) / T1),
· T1 is equal to the periodicity of PUCCH configured with schedulingRequestForBFR. 
· T2 is the time to perform the candidate beam detection.
· If network configures beamFailureRecoveryTimer, T2 = MIN(beamFailureRecoveryTimer, TEvaluate_CBD)
· If network does not configure beamFailureRecoveryTimer, T2 = TEvaluate_CBD.
· TEvaluate_CBD is the evaluation period for candidate beam detection specified in TS38.133 8.5.5 and 8.5.6. 
· D is the UE Processing time. D=0 if not necessary. 



In the RAN2 running CR for TS38.321, the beam failure detection and recovery procedure for SCell is introduced, which has been highlighted as below: 
	<Captured from Rel-16 eMIMO Running CR to TS38.321>
The MAC entity shall for each Serving Cell configured for beam failure detection:
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:
3>	if the Serving Cell is SCell:
4>	trigger a BFR for this Serving Cell;
3>	else:
34>	initiate a Random Access procedure (see clause 5.1) on the SpCell.
1>	if the beamFailureDetectionTimer expires; or
1>	if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers associated with this Serving Cell:
2>	set BFI_COUNTER to 0.
1>	if the Serving Cell is SpCell and the Random Access procedure is successfully completed (see clause 5.1):
2>	set BFI_COUNTER to 0;
2>	stop the beamFailureRecoveryTimer, if configured;
2>	consider the Beam Failure Recovery procedure successfully completed.
1>	else if the Serving Cell is SCell; and
1>	if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the SCell BFR MAC CE or truncated SCell BFR MAC CE which contains beam failure recovery information of this Serving Cell; or
1>  if the SCell is deactivated as specified in clause 5.9:
2>	set BFI_COUNTER to 0;
2>	consider the Beam Failure Recovery procedure successfully completed and cancel all the triggered BFRs for this Serving Cell.
The MAC entity shall:
1>	if the Beam Failure Recovery procedure determines that at least one BFR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission:
3>	if the UL-SCH resources can accommodate the SCell BFR MAC CE plus its subheader as a result of logical channel prioritization:
4>	instruct the Multiplexing and Assembly procedure to generate the SCell BFR MAC CE.
3>	else if the UL-SCH resources can accommodate the truncated SCell BFR MAC CE plus its subheader as a result of logical channel prioritization:
4>	instruct the Multiplexing and Assembly procedure to generate the truncated SCell BFR MAC CE.
2>	else:
3>	trigger the Scheduling Request for SCell beam failure recovery.



Based on the above description, the step-1 PUCCH transmission with a link recovery request (LLR) for SCell should be comparable to random-access based procedure on PCell/PSCell. From that perspective, the required CBD measurement period should be provided to UE before trigger BFR for this SCell. Therefore, the option 2 is more reasonable, which has been re-described in the way as below: 
Proposal-2: RAN4 adopt option 2 for step-1 BFRQ requirement, i.e., after detecting beam failure in an SCell, UE is required to transmit scheduling request on PUCCH configured for LLR within a period T, where 
· T = T1 x Ceil((T2 + D) / T1), where
· T1 is equal to the periodicity of PUCCH configured with schedulingRequestForBFR. 
· T2 is the time to perform the candidate beam detection, T2 = TEvaluate_CBD.
· TEvaluate_CBD is the evaluation period for candidate beam detection specified in TS38.133 8.5.5 and 8.5.6. 
· D=0 for UE Processing time.
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3 Conclusion
In this paper, we further provided our view and analysis on SCell BFR which is introduced in Rel-16 MIMO enhancement work item, with the following observations and proposals obtained: 
Observation-1: Rel-16 BFD and CBD on SCell should not have negative performance impact on BFD/CBD operation on PCell/PSCell. 
Proposal-1: For FR1 inter-band CA, FR2 inter-band CA and FR1-FR2 CA, a sharing factor is introduced in BFD and CBD evaluation period: 
  - The sharing factor is proportional to the number of bands on which UE is performing BFD/CBD for SCell. 

Proposal-2: RAN4 adopt option 2 for step-1 BFRQ requirement, i.e., after detecting beam failure in an SCell, UE is required to transmit scheduling request on PUCCH configured for LLR within a period T, where 
· T = T1 x Ceil((T2 + D) / T1), where
· T1 is equal to the periodicity of PUCCH configured with schedulingRequestForBFR. 
· T2 is the time to perform the candidate beam detection, T2 = TEvaluate_CBD.
· TEvaluate_CBD is the evaluation period for candidate beam detection specified in TS38.133 8.5.5 and 8.5.6. 
· D=0 for UE Processing time
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