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1	Introduction
In the incoming LS [1] RAN1 presents the procedure for BFR on SCell and asks if RAN2 can create a MAC CE to report which SCell failed and which beam on that SCell is the best one. RAN1 also sent another LS [2] which includes additional related agreements. In this paper we address the RAN1 LSs.
[bookmark: _Ref178064866]2	Discussion
BFR on SCell was discussed in RAN2 during the Rel-15 work on NR. While the use case and benefit of having BFR on SpCell were well understood, the rationale for BFR on SCell given the time left at the time meant that BFR on SCell was not included in Rel-15. This was agreed in RAN2#102.
BFR on SCell will not be supported in Rel-15
Since then RAN1 has agreed to support BFR on SCell as part of the work on MIMO. The progress in RAN1 is presented in the two LSs [1][2].
2.1	Procedure
Our understanding is that the intention from RAN1 is to use the same procedure for detecting BFR on SCell as for the SpCell. It is the action the UE takes, once BFR has been determined, which separates the SpCell from the SCell. 
[bookmark: _Toc16797021]The procedure for Beam Failure Detection on the SCell is the same as for the SpCell.
The action when BFR occurs on the SpCell is to trigger a random access procedure, as described in section 5.17 of 38.321. According to the LS from RAN1 [1] the UE shall for the SCell take the following steps:
· 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 

Once the beam failure has been declared, the LS mentions a “dedicated SR-like PUCCH resource for BFR over PCell or PSCell”. It is not obvious what this means and how it relates to the existing framework for scheduling requests. We think it means that one SR is different from the others in that by sending it, the UE does not indicate presence of UL data, but that an SCell (any SCell) has suffered a beam failure. This SR would therefore not be associated with any logical channel. As each SR configuration in RRC (SchedulingRequestToAddMod) has an ID (schedulingRequestId) it would be easy to add RRC signalling to indicate which SR is the special “BFR on SCell SR”. Rel-15 supports up to 8 SR configurations per cell group. We think 7 would be enough for the logical channels, so there is no need to extend the number of SR configurations because of the addition of this “BFR on SCell SR”.
[bookmark: _Toc16797014]Assign one of the up to 8 existing SR configurations to be a “BFR on SCell SR”. This SR configuration is not associated with any LCH. Its parameters are the same as the other SR configurations.
[bookmark: _Toc16797015]Add an RRC parameter to indicate which SR configuration corresponds to the “BFR on SCell SR”.
[bookmark: _Toc16797016]Upon declaration of beam failure on an SCell, the MAC entity triggers the “BFR on SCell SR”.
The LS mentions a second step sending a MAC CE which contains info about which SCell failed and which beam on that SCell is currently the best one. Such a MAC CE can easily be designed and triggered for transmission. 
[bookmark: _Toc16797017]Upon declaration of beam failure on an SCell, the MAC entity shall trigger transmission of a new MAC CE whose contents indicate which SCell failed and which beam in that SCell is currently the best one.
The MAC layer receives a beam failure instance indication from lower layers. To trigger a specific action on a specific cell we assume this indication is now per cell. This implies that the BFI_COUNTER and beamFailureDetectionTimer need to be defined per cell too. It can also be beneficial to make beamFailureInstanceMaxCount per cell too. For example, beam failure on PCell may be more severe than beam failure on an SCell and should therefore have a lower value for beamFailureInstanceMaxCount.
[bookmark: _Toc16797018]Make BFI_COUNTER, beamFailureDetectionTimer, and beamFailureInstanceMaxCount cell-specific.
2.2	New MAC CE
The LS mentions that “the UE sends the beam failure recovery request (BFRQ), and sends failed SCell index(s) and new beam information (if present) to the NW”. The UE can be configured with at most 32 serving cells, so a 5-bit field is required to identify the SCell. From the LS it seems the beam information is optional, so a 1-bit F-field to indicate the presence of the beam information. The beam information would be an index into the candidate beam list. For the PCell, the maximum number of candidate beams is 16. Thus 4 bits would be needed to identify a beam. The structure of the RRC signalling is described in [3]. As the MAC CE can contain any number of SCells, the size of the MAC CE is variable.
[bookmark: _Toc16797019]Introduce a new variable-size MAC CE which contains, per SCell, 5-bit field SCellIndex, 1-bit field indicating the presence of a beam index, 4-bit field beam index.
[bookmark: _Ref189046994]2.3	Reply to RAN1
Finally it could be worth to reply to the question asked by RAN1.
Question: Does RAN2 have any input with reference to this working assumption from your specification work point of view considering your workload?  
As shown in this paper it is possible to specify a mechanism in MAC which reflects the working agreements in RAN1. RAN2 should reply accordingly to RAN1 and explain the agreed mechanism.
[bookmark: _Toc16797020]Send a reply LS to RAN1 indicating it is possible to implement the agreements in RAN1 and explain the agreed mechanism.
3	Text Proposal
A text proposal to 38.321 to better illustrate our proposals is shown below.
[bookmark: _Toc12751559][bookmark: _Toc12751576]5.4.4	Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission, or to indicate beam failure on an SCell.
The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.
If bfrOnSCellSchedulingRequestId is configured, then the MAC Entity uses the corresponding SR configuration to indicate beam failure on an SCell. Of the remaining SR configurations, eachEach SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the logical channel that triggered the BSR (clause 5.4.5) (if such a configuration exists), or the SR configuration that the beam failure request (clause 5.17) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR.
RRC configures the following parameters for the scheduling request procedure:
-	sr-ProhibitTimer (per SR configuration);
-	sr-TransMax (per SR configuration).
The following UE variables are used for the scheduling request procedure:
-	SR_COUNTER (per SR configuration).
If an SR is triggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
When an SR is triggered, it shall be considered as pending until it is cancelled. 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 clause 5.4.5) prior to the MAC PDU assembly. 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.
Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.
As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
2>	when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>	if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
4>	start the sr-ProhibitTimer.
3>	else:
4>	notify RRC to release PUCCH for all Serving Cells;
4>	notify RRC to release SRS for all Serving Cells;
4>	clear any configured downlink assignments and uplink grants;
4>	clear any PUSCH resources for semi-persistent CSI reporting;
4>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel all pending SRs.
NOTE 1:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
NOTE 2:	If more than one individual SR triggers an instruction from the MAC entity to the PHY layer to signal the SR on the same valid PUCCH resource, the SR_COUNTER for the relevant SR configuration is incremented only once.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR which has no valid PUCCH resources configured, which was initiated by MAC entity prior to the MAC PDU assembly. Such a Random Access procedure may be stopped when the MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly, or when the UL grant(s) can accommodate all pending data available for transmission.
5.17	Beam Failure Detection and Recovery procedure
The MAC entity may be configured by RRC with a beam failure recovery procedure which is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. If beamFailureRecoveryConfig is reconfigured by upper layers during an ongoing Random Access procedure for beam failure recovery, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure using the new configuration.
RRC configures the following parameters in the BeamFailureRecoveryConfig and the RadioLinkMonitoringConfig for the Beam Failure Detection and Recovery procedure:
-	beamFailureInstanceMaxCount for the beam failure detection, configured per serving cell;
-	beamFailureDetectionTimer for the beam failure detection, configured per serving cell;
-	beamFailureRecoveryTimer for the beam failure recovery procedure;
-	rsrp-ThresholdSSB: an RSRP threshold for the beam failure recovery;
-	powerRampingStep: powerRampingStep for the beam failure recovery;
-	powerRampingStepHighPriority: powerRampingStepHighPriority for the beam failure recovery;
-	preambleReceivedTargetPower: preambleReceivedTargetPower for the beam failure recovery;
-	preambleTransMax: preambleTransMax for the beam failure recovery;
-	scalingFactorBI: scalingFactorBI for the beam failure recovery;
-	ssb-perRACH-Occasion: ssb-perRACH-Occasion for the beam failure recovery;
-	ra-ResponseWindow: the time window to monitor response(s) for the beam failure recovery using contention-free Random Access Preamble;
-	prach-ConfigurationIndex: prach-ConfigurationIndex for the beam failure recovery;
-	ra-ssb-OccasionMaskIndex: ra-ssb-OccasionMaskIndex for the beam failure recovery;
-	ra-OccasionList: ra-OccasionList for the beam failure recovery.
The following UE variables are used for the beam failure detection procedure:
-	BFI_COUNTER: cell-specific counter for beam failure instance indication which is initially set to 0.
The MAC entity shall:
1>	if beam failure instance indication has been received from lower layers:
2>	for the indicated serving cell;
32>	start or restart the beamFailureDetectionTimer;
32>	increment BFI_COUNTER by 1;
32>	if BFI_COUNTER >= beamFailureInstanceMaxCount:
4>	if the indicated serving cell is the SpCell:
35>	initiate a Random Access procedure (see clause 5.1) on the SpCell.
4>	else:
5>	trigger a Scheduling Request to indicate BFR on SCell;
5	instruct the Multiplexing and assembly entity to generate a BFR MAC CE as defined in clause 6.1.3.X;
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:
2>	set BFI_COUNTER for the corresponding serving cell to 0.
1>	if the Random Access procedure is successfully completed (see clause 5.1):
2>	set BFI_COUNTER for the corresponding serving cell to 0;
2>	stop the beamFailureRecoveryTimer, if configured;
2>	consider the Beam Failure Recovery procedure successfully completed.
[bookmark: _Toc12751601]6.1.3.X	BFR MAC CE
The BFR MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-2.
It has variable size and consists of the following fields (Figure 6.1.3.X-1):
-	R: Reserved bit, set to 0;
-	ServCellIndexi: This field indicates the servCellIndex as specified in TS 38.331 [5] for which the BFR is reported. The length of the field is 5 bits;
-	Fi: This field indicates the presence of the octet containing the BeamIndex field. If this field is set to 1, then the octet containing the BeamIndex field is present. Otherwise the octet containing the BeamIndex field is absent. The length of this field is 1 bit;
-	BeamIndexi: This field indicates the current strongest beam defined as an index of the candidateBeamRSList of the serving cell as specified in TS 38.331 [5].


Figure 6.1.3.X-1: BFR MAC CE
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The procedure for Beam Failure Detection on the SCell is the same as for the SpCell.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Assign one of the up to 8 existing SR configurations to be a “BFR on SCell SR”. This SR configuration is not associated with any LCH. Its parameters are the same as the other SR configurations.
Proposal 2	Add an RRC parameter to indicate which SR configuration corresponds to the “BFR on SCell SR”.
Proposal 3	Upon declaration of beam failure on an SCell, the MAC entity triggers the “BFR on SCell SR”.
Proposal 4	Upon declaration of beam failure on an SCell, the MAC entity shall trigger transmission of a new MAC CE whose contents indicate which SCell failed and which beam in that SCell is currently the best one.
Proposal 5	Make BFI_COUNTER, beamFailureDetectionTimer, and beamFailureInstanceMaxCount cell-specific.
Proposal 6	Introduce a new variable-size MAC CE which contains, per SCell, 5-bit field SCellIndex, 1-bit field indicating the presence of a beam index, 4-bit field beam index.
Proposal 7	Send a reply LS to RAN1 indicating it is possible to implement the agreements in RAN1 and explain the agreed mechanism.
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