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Introduction
During the last meeting [1], RAN4 made the following agreements:
	Agreement:
· Necessity of BFD procedure on multiple serving cell on the same FR2 band
· No restriction introduced in RAN4. No RAN4 performance requirement will be defined for performing BFD measurement on more than 1 serving cell.

· When more than 2 BFD-RSs are transmitted on a CC for current SCell and (implicitly configured for) other SCell
· When more than 2 BFD-RSs are transmitted on a CC for current SCell and (implicitly configured for) other SCell, it is up to UE implementation to select two BFD-RSs in active BWP in current CC to perform BFD (either for current SCell or for other Sell(s)).

· UE Capability of Number of SCells for BFR:
· RAN4 requirement should not block the possibility of configuring BFR on multiple SCells, and no RAN4 performance requirement will be defined for more than 1 serving cell per band perform BFD/CBD measurement.



There are still a few open issues that didn’t get resolved during the last meeting. We discuss those in this meeting.
SCell BFRQ Mechanism
RAN4 made the following agreements regarding SCell BFRQ mechanism during the last meeting:
	Agreement:
· RAN4 requirement defined for two step BFRQ mechanism
· RAN4 FFS whether and how the requirement could be defined for step 1 of BFR, where UE reports beam failure event through a dedicated SR like PUCCH resources:
· No RRM core requirement is defined for UE conveying new beam information and failed CC indices via MAC-CE.
· Applicable scenario: 
· Option-1: SCells with DL only and SCells with DL and UL
· Option-2: SCells with DL only




· FFS BFRQ requirement details, if the requirement of step-1 of BFR is agreed to be introduced:
· Option-1: After detecting beam failure in an 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 within a period T
· Where T is equal to the periodicity of PUCCH that has been configured with schedulingRequestForBFR.
· Other options are not precluded. 



RAN1 has defined SCell BFR requirements for both scenarios: I) Scell with DL only and II) SCell with DL and UL. Hence. RAN4 should make requirements for both of these scenarios.
During the last meeting, several companies mentioned that core requirements were not defined for PRACH-BFR in Rel-15. PRACH-BFR in PCell/PSCell was only defined in performance requirements. However, as one company pointed out during last meeting’s email discussion, Rel-15 had already defined core requirements for PRACH separately. SCell BFR will be conveyed through PUCCH. Rel-16 will not define any separate core requirement for PUCCH transmission. Hence, it is reasonable to define core requirements for SCell BFR based PUCCH.
Observation 1: RAN1 has defined SCell BFR requirements for both scenarios: I) Scell with DL only and II) SCell with DL and UL.
Observation 2: Rel-15 had already defined core requirements for PRACH separately. SCell BFR will be conveyed through PUCCH. Rel-16 will not define any separate core requirement for PUCCH transmission
Proposal 1: RAN4 defines requirements for step 1 of BFR in both of following scenarios, where UE reports beam failure event through a dedicated SR like PUCCH resources:
· SCells with DL only and
· SCells with DL and UL.

RAN1 has introduced following texts in 38.213 regarding conveying BFR event through PUCCH.
	Text from 38.213
· A UE can be provided, by schedulingRequestIDForBFR, a configuration for PUCCH transmission with a link recovery request (LRR) as described in Clause 9.2.4. 
· The UE can transmit in a first PUSCH at least one MAC CE providing one index for at least one corresponding SCell with radio link quality worse than Qout,LR, an index  for a periodic CSI-RS configuration or for a SS/PBCH block provided by higher layers, as described in [11, TS 38.321], if any, for a corresponding SCell. 
· Section 9.2.4: A UE can be configured by schedulingRequestIDForBFR a configuration for LRR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can be configured, by schedulingRequestPriority in SchedulingRequestResourceConfig, a priority index 0 or a priority index 1 for the SR.



The above text shows that UE should transmit BFR request through the first available PUCCH resources, that is configured as schedulingRequestIDForBFR, after BFR occurs. Hence, RAN4 can define a requirement to check if the UE transmits within one period of PUCCH resource, after UE has detected beam failure and found a new beam.
Proposal 2: 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
· Where T is equal to the periodicity of PUCCH that has been configured with schedulingRequestForBFR.

BFD evaluation in inter-band CA
During the last meeting, following issues were open regarding BFD evaluation:
	Agreements
· 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. 



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 BFD and CBD. It would be difficult for UEs to perform BFD and CBD of many active bands in parallel. Hence, 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.
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.
· 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.
· In inter-band CA, UE is required meet Rel-15 BFD and CBD requirements for PCell/PSCell. So, UE needs to share its BFD/CBD evaluator serially for other active bands containing SCells.
One can use the principles of observation 3 and make scaling factor of BFD-RS evaluation period during CA equal to the number of active bands. However, the design and signaling associated with BFD-RS in NR allows network to reduce the BFD-RS evaluation period in CA in some cases.
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.
RAN4 needs to discuss further how UE can realize multiple bands to be in the same “BFD band group”, i.e., how UE realizes whether it can receive BFD-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: Define an active “BFD band group” as a set of active bands whose BFD-RS can be received by the UE through a common RX beam
· UE needs to meet BFD-RS evaluation requirements for only one active band within the active “BFD band group”.
· FFS: How UE realizes multiple active bands to be in the same “BFD band group”.

In this context, scaling factor of BFD-RS evaluation during carrier aggregation should be equal to the number of activated “BFD-SCell groups”. If UE cannot receive BFD-RS of two different active bands using a common RX beam, scaling factor becomes equal to the number of active bands. 
Proposal 4: Scaling factor of BFD-RS evaluation period during inter-band CA is equal to the number of active “BFD band groups”
· If UE cannot receive any pair of active bands’ BFD-RS with a common RX beam, scaling factor becomes equal to the number of active bands containing BFD-RS.
CBD evaluation in inter-band CA
During the last meeting, following issues were open regarding CBD evaluation:
	Agreements
· Sharing factor for CBD Time Period
· No CBD evaluation period will be specified for performing CBD measurement on more than 1 serving cell per band: 
· Sharing factor for CBD evaluation period (due to CBD over multiple SCells) will not be introduced for FR2 intra-band CA.
· No RAN4 performance requirement will be defined for more than 1 serving cell perform CBD measurement.
· FFS Sharing factor for CBD evaluation period for FR1 CA, FR2 inter-band CA and FR1-FR2 CA. 

· When CBD-RS not configured, UE’s expected behavior:
· FFS UE is not required to perform BFD and CBD for a SCell which is not configured with CBD-RS resources.
· FFS UE is required to perform BFD and CBD for a SCell if some RS resources are configured in SPCell but if they are implicitly configured as CBD-RS resources for SCell.


Unlike BFD-RS, CBD-RS resources have to be configured explicitly and cannot be QCLed to an RS of a different carrier.  The appendix in section 7 shows the RRC IEs that prove the validity of above statement. 
Observation 4: CBD-RS has to be explicitly configured in NR and can only be QCLed to a reference signal located in the same cell and carrier.
· Network cannot configure CBD-RS of two active bands being QCLed to the same RS.
Hence, reference signal located in one SCell in a band cannot act as a CBD-RS of another SCell in another band. Hence, UE should not be required to perform BFD and CBD for a SCell which is not configured with CBD-RS resources.
Proposal 5: 
· UE is not required to perform BFD and CBD for a SCell which is not configured with CBD-RS resources.
· UE is not required to perform BFD and CBD for a SCell if some RS resources are configured in SPCell but if they are implicitly configured as CBD-RS resources for SCell.
Since, multiple SCells in different bands cannot share the same RS as CBD-RS, the scaling factor of CBD-RS evaluation during inter-band should be equal to the number of active bands that have explicit CBD-RS resources. The other option would be to introduce mechanisms so that UE can realize it can receive CBD-RS of multiple active bands using a common RX beam. In this case, these bands would form an active “CBD band group” and the scaling factor would be equal to the number of “CBD band groups”.
Observation 5: If UE can receive CBD-RS of multiple active bands with a common RX beam, UE should evaluate CBD-RS for only one of these bands.
Proposal 6: RAN4 down-selects from following options:
· Option 1: 
· Use existing signalling mechanism. Scaling factor of CBD-RS evaluation period during inter-band CA is equal to the number of active bands that contain CBD-RS resources. 
· Option 2: 
· NR introduces signalling to inform UE that it can receive CBD-RS of multiple active bands using a common RX beam. In this case, these bands form an active “CBD band group”
· Scaling factor of CBD-RS evaluation period during inter-band CA is equal to the number of active “CBD band groups”.
· If UE cannot receive any pair of active bands’ CBD-RS with a common RX beam, scaling factor becomes equal to the number of active bands containing CBD-RS.
· FFS: How UE realizes multiple active bands to be in the same active “CBD band group”.

In some cases, during FR1 + FR2 CA, increasing the frequency of BFD-RS/CBD-RS evaluation in one frequency range may be more important than that in the other frequency range. Hence, spec may define or network may configure additional scaling factors per frequency range to shorten the BFD-RS/CBD-RS evaluation period in one frequency range at the expense of increasing the BFD-RS/CBD-RS evaluation period in the other frequency range. RAN4 needs to study this further.
Proposal 7: It is FFS whether additional scaling factors are needed per frequency range for BFD and CBD evaluation period in FR1 + FR2 CA


Conclusion
Observation 1: RAN1 has defined SCell BFR requirements for both scenarios: I) Scell with DL only and II) SCell with DL and UL.
Observation 2: Rel-15 had already defined core requirements for PRACH separately. SCell BFR will be conveyed through PUCCH. Rel-16 will not define any separate core requirement for PUCCH transmission.
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.
· 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.
· In inter-band CA, UE is required meet Rel-15 BFD and CBD requirements for PCell/PSCell. So, UE needs to share its BFD/CBD evaluator serially for other active bands containing SCells.
Observation 4: CBD-RS has to be explicitly configured in NR and can only be QCLed to a reference signal located in the same cell and carrier.
· Network cannot configure CBD-RS of two active bands being QCLed to the same RS.

Observation 5: If UE can receive CBD-RS of multiple active bands with a common RX beam, UE should evaluate CBD-RS for only one of these bands.

Proposal 1: RAN4 defines requirements for step 1 of BFR in both of following scenarios, where UE reports beam failure event through a dedicated SR like PUCCH resources:
· SCells with DL only and
· SCells with DL and UL.

Proposal 2: After detecting beam failure in an 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
· Where T is equal to the periodicity of PUCCH that has been configured with schedulingRequestForBFR.
Proposal 3: Define an active “BFD band group” as a set of active bands whose BFD-RS can be received by the UE through a common RX beam
· UE needs to meet BFD-RS evaluation requirements for only one active band within the active “BFD band group”.
· FFS: How UE realizes multiple active bands to be in the same “BFD band group”.

Proposal 4: Scaling factor of BFD-RS evaluation period during inter-band CA is equal to the number of active “BFD band groups”
· If UE cannot receive any pair of active bands’ BFD-RS with a common RX beam, scaling factor becomes equal to the number of active bands containing BFD-RS.
Proposal 5: 
· UE is not required to perform BFD and CBD for a SCell which is not configured with CBD-RS resources.
· UE is not required to perform BFD and CBD for a SCell if some RS resources are configured in SPCell but if they are implicitly configured as CBD-RS resources for SCell.

Proposal 6: RAN4 down-selects from following options:
· Option 1: 
· Use existing signalling mechanism. Scaling factor of CBD-RS evaluation period during inter-band CA is equal to the number of active bands that contain CBD-RS resources. 
· Option 2: 
· NR introduces signalling to inform UE that it can receive CBD-RS of multiple active bands using a common RX beam. In this case, these bands form an active “CBD band group”
· Scaling factor of CBD-RS evaluation period during inter-band CA is equal to the number of active “CBD band groups”.
· If UE cannot receive any pair of active bands’ CBD-RS with a common RX beam, scaling factor becomes equal to the number of active bands containing CBD-RS.
· FFS: How UE realizes multiple active bands to be in the same active “CBD band group”.
Proposal 7: It is FFS whether additional scaling factors are needed per frequency range for BFD and CBD evaluation period in FR1 + FR2 CA
Reference
[1] Chairman’s notes, 3GPP TSG RAN WG4 Meeting #94-e.

Appendix: Configuration of QCL source for CBD-RS

The text highlighted in yellow marker shows that BFR-CSI-RS-resources have to be explicitly configured and cannot be QCLed to another serving cell in a different carrier.
	From 38.331:

 
BFR-CSIRS-Resource ::=              SEQUENCE {
    csi-RS                              NZP-CSI-RS-ResourceId,
    ra-OccasionList                     SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)   OPTIONAL,   -- Need R
    ra-PreambleIndex                    INTEGER (0..63)                                                                 OPTIONAL,   -- Need R
    ...
}

-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START

NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    …………………..                   
    qcl-InfoPeriodicCSI-RS              TCI-StateId                                     OPTIONAL,   -- Cond Periodic
    ...
}

qcl-InfoPeriodicCSI-RS
For a target periodic CSI-RS, contains a reference to one TCI-State in TCI-States for providing the QCL source and QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS. Refers to the TCI-State which has this value for tci-StateId and is defined in tci-StatesToAddModList in the PDSCH-Config included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the resource belongs to (see TS 38.214 [19], clause 5.2.2.3.1).
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