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1	Introduction
In the incoming LS [1] RAN1 replies to the questions asked by RAN2 at RAN2#107. At RAN2#107, RAN2 did not make any conclusions or agreements other than asking questions to RAN1. Based on the total input from RAN1 this contribution tries to conclude on the topic.
[bookmark: _Ref178064866]2	Discussion
The discussion is split in two parts, one on the procedure and one on the format of the new MAC CE.
2.1	Procedure
2.1.1	Extend to run per serving cell
Based on the input from RAN1 the procedure to transmit the MAC CE becomes pretty straight-forward. The procedure to declare beam failure on an SCell is the same as the one for the PCell, so the method has to run “per serving cell” compared to the current version. This means that PHY indicates which serving cell experienced the beam failure and that MAC maintains one beamFailureDetectionTimer and one BFI_COUNTER per serving cell.
[bookmark: _Toc21033420]Extend the current procedure for beam failure detection to run “per serving cell” in MAC.
[bookmark: _Toc21033421]MAC maintains one beamFailureDetectionTimer and one BFI_COUNTER per serving cell.
2.1.2	Triggering of the SR
RAN1 clearly replied there is no need for a special BSR/SR function as the BFR MAC CE may be transmitted on any SCell. Currently an SR is triggered in the following function:
2>	if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if there is no UL-SCH resource available for a new transmission; or
3>	if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was triggered for a logical channel for which logicalChannelSR-Mask is set to false; or
3>	if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see clause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>	trigger a Scheduling Request.
In our scenario there is obviously no triggered BSR involved. Furthermore, we can disregard from the logicalChannelSR-DelayTimer as it is associated with a specific logical channel. The same argument can be applied to logicalChannelSR-Mask which does not apply in our BFR scenario. There are also no LCP mapping restrictions impacting the triggering of the scheduling request in our scenario. This means that the only thing we need to check before triggering the SR is that there is no UL-SCH resource available. In any case, the Multiplexing and assembly entity is instructed to generate a BFR MAC CE.
[bookmark: _Toc21033422]The MAC Entity does not trigger the Scheduling Request to indicate BFR on SCell if there is a UL-SCH resource available.
RAN1 suggests that higher priority is given to an SR triggered for SCell BFR than a normal SR. In Rel-15 there is no framework for prioritization among SRs. However, as part of the IIoT work item prioritization among SRs is discussed. We think that adding prioritization among SRs solely for the purpose of improving BFR on SCell is not reasonable. The cost in complexity outweighs any benefits. Should prioritization among SRs be standardized as part of IIoT for any IIoT use cases, it is reasonable to assume this function could also be used in this work. Hence, we think that prioritization among SRs is not addressed in the BFR on SCell work.
[bookmark: _Toc21033423]Prioritization of SRs is not addressed in the BFR on SCell work.
2.1.3	Successful completion of BFR
RAN1 also outlines a procedure for the successful completion for the SCell BFR, namely a dedicated uplink grant for the same HARQ process as carried the MAC PDU containing the BFR MAC CE. We think this implies the beamFailureRecoveryTimer applies also for the SCell case. It is not beneficial to have one beamFailureRecoveryTimer per SCell given the increased complexity to stop all timers once the first timer is stopped (i.e. beam failure is recovered). However, to avoid interfering with the BFR procedure on the PCell, having a separate timer for all the SCells might be a suitable tradeoff.
[bookmark: _Toc21033424]A timer in MAC called beamFailureRecoveryTimerSCell is introduced.
[bookmark: _Toc21033425]MAC starts the beamFailureRecoveryTimerSCell upon generation of the BFR MAC CE, if it is not already running.
[bookmark: _Toc21033426]MAC stops the beamFailureRecoveryTimerSCell upon reception of a dedicated UL grant for the same HARQ process which carried the MAC PDU which included BFR MAC CE. 
2.2	Format of the new MAC CE
RAN1 has informed us that 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 is needed. The beam information would be an index into the candidate beam list. For the SpCell, the maximum number of candidate beams is increased from 16 to 64 in Rel-16 and this value also applies to the SCells. Thus 6 bits would be needed to identify a beam. The structure of the RRC signalling is described in [2]. 
RAN1 leaves it to RAN2 to decide if the MAC CE can carry one or more SCells. We think it is sufficient to report only one SCell. This also saves one byte as there is no need to include an L-field in the subPDU.
[bookmark: _Toc21033427][bookmark: _Ref189046994]Introduce a new fixed-size MAC CE which contains, a 5-bit field SCellIndex, 1-bit field indicating the presence of a beam index, and a 6-bit field beam index.
3	Text Proposal
A text proposal to 38.321 to better illustrate our proposals is shown below.
[bookmark: _Toc12751557][bookmark: _Toc12751559][bookmark: _Toc12751576]5.4.3.1.3	Allocation of resources
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels as follows:
2>	logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>	decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE:	The value of Bj can be negative.
If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
The UE shall also follow the rules below during the scheduling procedures above:
-	the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;
-	if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;
-	the UE should maximise the transmission of data;
-	if the MAC entity is given a UL grant size that is equal to or larger than 8 bytes while having data available and allowed (according to clause 5.4.3.1) for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-	the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-	there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-	the MAC PDU includes zero MAC SDUs; and
-	the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.
Logical channels shall be 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;
-	BFR 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.
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 schedulingRequestIdBfrSCell 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) 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 on the SpCell;
-	beamFailureRecoveryTimerSCell for the beam failure recovery procedure on the SCell;
-	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: counter for beam failure instance indication which is initially set to 0, defined per serving cell.
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>	if there is no UL-SCH resource available for transmission:
6>	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;
5>	start beamFailureRecoveryTimerSCell;
Editor’s note: Revisit this part if RAN1 concludes that there is a special action to take if there is no special PUCCH resource configured.
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]1>	if the beamFailureRecoverySCellTimer is running; and
1>	if the MAC entity obtains a dynamic uplink grant for the MAC Entity’s C-RNTI; and
1>	if the dynamic uplink grant is for a Serving Cell and a HARQ process whose HARQ buffer contains a MAC PDU with a BFR MAC CE:
2>	set BFI_COUNTER for the corresponding serving cell to 0;
2>	stop the beamFailureRecoveryTimerSCell;
2>	consider the Beam Failure Recovery procedure successfully completed;
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 fixed size and consists of the following fields (Figure 6.1.3.X-1):
-	R: Reserved bit, set to 0. The length of this field is 1 bit;
-	ServCellIndex: 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;
-	F: 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;
-	BeamIndex: 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]. The length of this field is 6 bits.


Figure 6.1.3.X-1: BFR MAC CE
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Extend the current procedure for beam failure detection to run “per serving cell” in MAC.
Proposal 2	MAC maintains one beamFailureDetectionTimer and one BFI_COUNTER per serving cell.
Proposal 3	The MAC Entity does not trigger the Scheduling Request to indicate BFR on SCell if there is a UL-SCH resource available.
Proposal 4	Prioritization of SRs is not addressed in the BFR on SCell work.
Proposal 5	A timer in MAC called beamFailureRecoveryTimerSCell is introduced.
Proposal 6	MAC starts the beamFailureRecoveryTimerSCell upon generation of the BFR MAC CE, if it is not already running.
Proposal 7	MAC stops the beamFailureRecoveryTimerSCell upon reception of a dedicated UL grant for the same HARQ process which carried the MAC PDU which included BFR MAC CE.
Proposal 8	Introduce a new fixed-size MAC CE which contains, a 5-bit field SCellIndex, 1-bit field indicating the presence of a beam index, and a 6-bit field beam index.
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