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1 Introduction
RAN1 has discussed beam failure recovery (BFR) on SCell with DL-only. For BFR on SCell with DL only, the UE monitors the quality of an SCell. In case of declaring beam failure, the UE sends the beam failure recovery request (BFRQ) over the SpCell. Following has been agreed for the BFRQ procedure:

In this contribution we discuss the RAN2 aspects of above BFRQ procedure.
2 Discussion
2.1 BFRQ MAC CE Aspects
BFRQ MAC CE Design
In order to support the BFRQ MAC CE based BFR procedure contents of BFRQ MAC CE needs to be identified. The contents to be conveyed via the BFRQ MAC CE can be easily identified from the following RAN1 agreements:

The BFRQ MAC CE should include the following:

1. Serving Cell ID of SCell: BFRQ MAC CE is transmitted on SpCell and BFR can be configured for multiple configured SCells. So some identity like Serving Cell ID is needed in BFRQ MAC CE to identify the SCell for which BFR is requested.
2. Candidate Beam Availability indication: This is needed to indicate whether or not UE has a new beam with L1-RSRP higher than configured threshold.

3. Candidate Beam Type: Indicates whether candidate beam is of type SSB or CSI-RS. Note that candidate beam RS list includes a list of RSs where each RS can be of type SSB or CSI-RS. If all the candidate beam RSs included in the candidate beam RS list are always of same type, candidate beam type may not be required in the BFRQ MAC CE.
4. Candidate Beam Identifier: One of SSB ID or CSI-RS ID is included depending on whether the candidate beam RS is an SSB or CSI-RS. Candidate beam type and candidate beam identifier are included in BFRQ MAC CE only if candidate beam is available.
Based on the above content the BFRQ MAC CE format is shown in Figure 1 below. The size of field (SSB ID, CSI-RS ID, Serving Cell ID) is assumed to be same as used in current specification.
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Figure 1
The illustrated format assumes that BFRQ MAC CE includes BFRQ for only one SCell. One aspect to discuss is whether a BFRQ MAC CE can include BFRQ for multiple SCells. In our view even if BFR can be configured for multiple SCells, BFR over several SCells concurrently may not occur often. So to keep the design of BFRQ MAC CE simple, we prefer to include BFRQ of only one SCell.
Proposal 1: BFRQ MAC CE includes BFRQ of one SCell.

Proposal 2:BFRQ MAC CE includes Serving Cell ID, Candidate Beam Availability indication, Candidate Beam Type and Candidate Beam Identifier (i.e. SSB ID, CSI-RS ID).
Proposal 3: Adopt the BFRQ MAC CE format (Figure 1).
BFRQ MAC CE Prioritisation

Upon receiving the UL grant, MAC entity generates the MAC PDU by multiplexing MAC CEs and MAC SDUs according to logical channel prioritisation. According to current MAC specification [2], logical channels are prioritised in accordance with the following order (highest priority listed first):
· C-RNTI MAC CE or data from UL-CCCH;
· Configured Grant Confirmation MAC CE;
· MAC CE for BSR, with exception of BSR included for padding;
· Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
· data from any Logical Channel, except data from UL-CCCH;
· MAC CE for Recommended bit rate query;
· MAC CE for BSR included for padding.
In order to support the BFRQ MAC CE based BFR procedure prioritisation of BFRQ MAC CE with respect to other MAC CEs and data from logical channels needs to be discussed. In order to ensure that communication  can be resumed as quickly as possible on the activated SCell upon beam failure detection, the prioritisation considering the BFRQ MAC CE can be as follows (highest priority listed first):

· C-RNTI MAC CE or data from UL-CCCH;
· Configured Grant Confirmation MAC CE;
· MAC CE for BFRQ
· MAC CE for BSR, with exception of BSR included for padding;
· Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
· data from any Logical Channel, except data from UL-CCCH;
· MAC CE for Recommended bit rate query;
· MAC CE for BSR included for padding.
Proposal 4. MAC CE for BFRQ as lower priority than Configured Grant Confirmation MAC CE but higher priority than MAC CE for BSR, with exception of BSR included for padding.
BFRQ MAC CE Transmission Trigger

In order to support the BFRQ MAC CE based BFR procedure, trigger to transmit BFRQ MAC CE needs to be defined. Beam failure detection is specified in MAC specification. Upon beam failure detection on SCell, MAC entity can trigger transmission of SR and BFRQ MAC CE for SCell's BFR.
Proposal 5. Upon beam failure detection on SCell, MAC entity triggers transmission of SR and BFRQ MAC CE for SCell's BFR.
2.2 SR Aspects
SR Configuration for BFR
According to RAN1, in 1st step of BFRQ procedure, UE transmits SR over SpCell. RAN2 needs to discuss how to signal dedicated SR configuration for SCell BFR.

In NR SR configuration consists of :

1. List of scheduling request configurations: This is configured per cell group via RRC message. Each configuration is associated with a scheduling request identifier (schedulingRequestId). A scheduling request configuration includes value of sr-ProhibitTimer and sr-TransMax as shown below
schedulingRequestConfig             SchedulingRequestConfig

SchedulingRequestConfig ::=         SEQUENCE {
    schedulingRequestToAddModList       SEQUENCE (SIZE (1..maxNrofSR-ConfigPerCellGroup)) OF SchedulingRequestToAddMod
}

SchedulingRequestToAddMod ::=       SEQUENCE {

    schedulingRequestId     SchedulingRequestId,

    sr-ProhibitTimer        ENUMERATED {ms1, ms2, ms4, ms8, ms16, ms32, ms64, ms128}
    sr-TransMax             ENUMERATED { n4, n8, n16, n32, n64, spare3, spare2, spare1}

}
2. List of scheduling request resource configuration: This is configured (i.e. signaled by gNB) per BWP of serving cell(s) supporting PUCCH. Scheduling request resource configuration indicates the physical layer resources on PUCCH which are used for transmitting scheduling request. Each configuration is associated with a scheduling request identifier (schedulingRequestId). 
schedulingRequestResourceToAddModList   SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig
SchedulingRequestResourceConfig ::=     SEQUENCE {

    schedulingRequestResourceId             SchedulingRequestResourceId,

    schedulingRequestID                     SchedulingRequestId,

    periodicityAndOffset                    CHOICE {

        sym2                                    NULL,

        sym6or7                                 NULL,

        sl1                                     NULL,                       

        sl4                                     INTEGER (0..3),

        sl5                                     INTEGER (0..4),

        sl8                                     INTEGER (0..7),

        sl10                                    INTEGER (0..9),

        sl16                                    INTEGER (0..15),

        sl20                                    INTEGER (0..19),

        sl40                                    INTEGER (0..39),

        sl80                                    INTEGER (0..79),

        sl160                                   INTEGER (0..159),

        sl320                                   INTEGER (0..319),

        sl640                                   INTEGER (0..639)

    } 

resource                                PUCCH-ResourceId 
}

3. In order to associated a logical channel with a Scheduling Request configuration and a Scheduling Request Resource configuration, corresponding SchedulingRequestID is signaled in logical channel configuration. 
In order to signal SR resources to be used BFRQ of a SCell, list of Scheduling Request configurations and list Scheduling Request Resource configurations can be common for BFR and non BFR purposes. SchedulingRequestID of Scheduling Request configuration and a Scheduling Request Resource configuration to be used for BFRQ of a SCell can be signaled in RRCReconfiguration message.
· Option 1: SchedulingRequestID can be configured per BWP i.e. as part of SCell's beam failure      recovery configuration. Note that beam failure recovery configuration IE is signaled per BWP.

· Option 2: SchedulingRequestID can be configured at cell level i.e. common for all configured BWPs

In both the options network can identify that beam failure has occurred on a particular SCell. Option 2 however has less signaling overhead compared to option 1.

Proposal 6: SchedulingRequestID of Scheduling Request configuration/Scheduling Request Resource configuration to be used for BFRQ of a SCell is signaled in RRCReconfiguration message.
Proposal 7: RAN2 should discuss and agree on one of the following:

· Option 1: SchedulingRequestID is configured per BWP i.e. as part of SCell's beam failure recovery configuration.

· Option 2: SchedulingRequestID can be configured at cell level i.e. common for all configured BWPs.

Cancellation of SR triggered for BFR

In NR, all pending SR(s), triggered prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly. Additionally, all pending SR(s) shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the UL grant(s) can accommodate all pending data available for transmission.
The current cancellation criteria is not sufficient for SR triggered for BFR. SR triggered for BFRQ of SCell should be cancelled and corresponding sr-ProhibitTimer should be stopped when the MAC PDU is transmitted and this MAC PDU includes BFRQ MAC CE for SCell that triggered SR. 
Proposal 8: SR triggered for BFRQ of SCell is cancelled and corresponding sr-ProhibitTimer is stopped when the MAC PDU is transmitted and this MAC PDU includes BFRQ MAC CE for SCell that triggered SR.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: BFRQ MAC CE includes BFRQ of one SCell.

Proposal 2:BFRQ MAC CE includes Serving Cell ID, Candidate Beam Availability indication, Candidate Beam Type and Candidate Beam Identifier (i.e. SSB ID, CSI-RS ID).
Proposal 3: Adopt the BFRQ MAC CE format (Figure 1).

Proposal 4. MAC CE for BFRQ as lower priority than Configured Grant Confirmation MAC CE but higher priority than MAC CE for BSR, with exception of BSR included for padding.
Proposal 5. Upon beam failure detection on SCell, MAC entity triggers transmission of SR and BFRQ MAC CE for SCell's BFR.
Proposal 6: SchedulingRequestID of Scheduling Request configuration/Scheduling Request Resource configuration to be used for BFRQ of a SCell is signaled in RRCReconfiguration message.

Proposal 7: RAN2 should discuss and agree on one of the following:

· Option 1: SchedulingRequestID is configured per BWP i.e. as part of SCell's beam failure recovery configuration.

· Option 2: SchedulingRequestID can be configured at cell level i.e. common for all configured BWPs.

Proposal 8: SR triggered for BFRQ of SCell is cancelled and corresponding sr-ProhibitTimer is stopped when the MAC PDU is transmitted and this MAC PDU includes BFRQ MAC CE for SCell that triggered SR.
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RAN1 Agreements on BFRQ Procedure for SCell [1]


Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell


FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1





(Working Assumption) Step 2 is carried by MAC CE





RAN1 Agreements [1]


During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell


If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell


A UE can be configured to perform BFR for any configured SCells 








R

Oct 1
CBA
Serving Cell ID
Oct 2
CBT
SSB ID
R
R
R

Oct 1
CBA
Serving Cell ID
Oct 2
CBT
CSI RS ID
BFR Request MAC CE Format for reporting SSB based candidate beam
(CBA:1; CBT:0)
BFR Request MAC CE Format for reporting CSI RS based candidate beam
(CBA:1, CBT:1)
R

Oct 1
CBA
Serving Cell ID
R
BFR Request MAC CE Format when no candidate beam is available
(CBA:0)
CBA: Candidate Beam Availability Indication
CBT: Candidate Beam Type: SSB or CSI RS



