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Introduction
During the last meeting [1], RAN4 made several agreements. A few issues were FFS. We discuss those issues and provide our opinions in this meeting.
SCell BFRQ Mechanism
RAN4 made the following agreements regarding SCell BFRQ mechanism during the 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. 



Option 2 proposes, T2 = min(beamFailureRecoveryTimer, TEvaluate_CBD). But, beamFailureRecoveryTimer was designed for PCell BFR. This timer governed UE’s selection between contention free random access (CFRA) and contention based random access (CBRA). If UE finds a new beam corresponding to PCell/PSCell BFD within the beamFailureRecoveryTimer, UE would transmit CFRA to convey BFR. Otherwise, UE would transmit CBRA to convey. To the best of our knowledge, beamFailureRecoveryTimer has not been discussed in the context of SCell BFR in RAN1/RAN2. It is also not needed for SCell BFR. Hence, T2 cannot be a function of beamFailureRecoveryTimer.
On the other hand, option 1 has two sub-options. In one sub-option, UE transmits BFR step 1 after detecting beam failure and before detecting new beam. In the other sub-option, UE transmits BFR after detecting beam failure and finding a new beam. It is true that UE does not need to convey beam index in the first step of SCell BFR. However, UE will have to convey newly detected beam index via MAC-CE in the second step of SCell BFR. If UE does not identify a new beam before performing step 1, it’s not clear that UE will get enough time before performing step 2.
Hence, option 1 should be selected by allowing sufficient time to identify a new candidate beam before transmitting step 1 of SCell BFR.
Observation 1: Option 2 proposes the time period to send BFRQ to be a function of beamFailureRecoveryTimer.
· The concept of beamFailureRecoveryTimer was devised in the context of PCell/PSCell BFR.
· RAN1 and RAN2 have not discussed beamFailureRecoveryTimer in the context of SCell BFR. BeamFailureRecoveryTimer is not needed for SCell BFR. 

Observation 2: UE will have to convey newly detected beam index via MAC-CE in the second step of SCell BFR. If UE does not get sufficient time to identify a new beam before performing step 1, it’s not clear that UE will get enough time before performing step 2.
Proposal 1: 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
· UE needs 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.

BFD/CBD evaluation in inter-band CA
During the last meeting, RAN4 made the following agreements:
	· BFD Sharing factor for FR2 inter-band CA, FR1 CA and FR1-FR2 CA
· 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
· CBD Sharing factor for FR2 inter-band CA, FR1 CA and FR1-FR2 CA: 
· Apply the same conclusion from BFD sharing factor.  



In Rel-15, the carrier specific scaling factor for measurements outside gaps was equal to the number of SCells for both FR1 and FR2 CA. This was designed assuming that UE could search and measure at most two cells in parallel. UE would use one of these two searchers for PSCell measurement and the other searcher would be shared serially among different SCell measurements. 
A similar assumption would be valid for FR1 SCell BFD and CBD. The scaling factor for BFD and CBD evaluation periods should be designed assuming that UE can perform BFD and CBD of at most two active bands in parallel. UE can use one of the searchers for PCell/PSCell and the other searcher can be shared among the number of bands on which UE is performing BFD/CBD only for SCell.
 Observation 3: In NR, the carrier specific scaling factors for inter-frequency measurements outside gaps were designed assuming that UE can search and measure at most two cells in parallel.
Proposal 2: For FR1 inter-band CA, the sharing factor is proportional to the number of bands on which UE is performing BFD/CBD only for SCell.
In FR2, NR allows network to use the same CSI-RS located in an SCell of active band as the QCL source of BFD-RS of multiple SCells in different other bands. Hence, the BFD-RS of multiple active bands can be QCLed to the same RS. UE can use a common RX beam to receive these BFD-RSes.
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Figure 1: A visual representation of “BFD band group”.
This signaling mechanism allows network to group multiple active bands into one group where the BFD-RS of all bands are QCLed to the same RS and UE can receive these BFD-RSes with a common RX beam. Figure 1 shows a visual representation of active BFD band group. Band 1, 2 and 3 implicitly or explicitly share RS 2 as their BFD-RS. Hence, UE should only perform BFD-RS for one of three active bands, e.g., band2 where BFD-RS is physically located. UE should not be required to meet BFD-RS evaluation period requirements for other active bands within the group. Similarly, band 4 and 5 share the same RS, RS #4, and form BFD band group B.
3GPP needs to discuss further how UE can realize multiple bands to be in the same “BFD band group”/”CBD band group”, i.e., how UE realizes whether it can receive BFD-RS/CBD-RS of different active bands with the same RX beam. There can be several options, e.g., 1) network explicitly configures the grouping and 2) network implicitly configures the grouping through configured QCL relationships.  
Proposal 3: For FR2 inter-band CA, define an active “BFD band group”/”CBD band group” as a set of active bands whose BFD-RS/CBD-RS can be received by the UE through a common beam
· UE needs to meet BFD-RS/CBD-RS evaluation requirements for only one active band within the active “BFD band group”/” CBD band group”
In this context, scaling factor of BFD-RS/CBD-RS evaluation during carrier aggregation should be equal to the number of activated “BFD band groups”/” CBD band groups”. 
Proposal 4: Scaling factor of BFD-RS/CBD-RS evaluation period during FR2 inter-band CA with common beams is equal to the number of active “BFD band groups”/” CBD band groups”.
Conclusion
Observation 1: Option 2 proposes the time period to send BFRQ to be a function of beamFailureRecoveryTimer.
· The concept of beamFailureRecoveryTimer was devised in the context of PCell/PSCell BFR.
· RAN1 and RAN2 have not discussed beamFailureRecoveryTimer in the context of SCell BFR. BeamFailureRecoveryTimer is not needed for SCell BFR. 

Observation 2: UE will have to convey newly detected beam index via MAC-CE in the second step of SCell BFR. If UE does not get sufficient time to identify a new beam before performing step 1, it’s not clear that UE will get enough time before performing step 2.
Observation 3: In NR, the carrier specific scaling factors for inter-frequency measurements outside gaps were designed assuming that UE can search and measure at most two cells in parallel.
Proposal 1: 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
· UE needs 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.
Proposal 2: For FR1 inter-band CA, the sharing factor is proportional to the number of bands on which UE is performing BFD/CBD only for SCell.
Proposal 3: For FR2 inter-band CA, define an active “BFD band group”/”CBD band group” as a set of active bands whose BFD-RS/CBD-RS can be received by the UE through a common beam
· UE needs to meet BFD-RS/CBD-RS evaluation requirements for only one active band within the active “BFD band group”/” CBD band group”
Proposal 4: Scaling factor of BFD-RS/CBD-RS evaluation period during FR2 inter-band CA with common beams is equal to the number of active “BFD band groups”/” CBD band groups”.
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