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1	Introduction
In previous meeting RAN2 received RAN1 LS providing answers to RAN2 regarding the support of SCell beam failure recovery. In the reply it was indicated that SCell beam failure recovery is supported Rel.15.
From the LS:
RAN1 has defined that SCell BFR should also be supported in Rel-15 but this can cover only one SCell – this was indicated to RAN2 in an LS R2-1803981:
A3: The issue of CA was not explicitly touched upon during past RAN1 discussion. Past RAN1 agreements do not differentiate the type of serving cell for which BFR is conducted. In the current RAN1 specification [TS 38.213, section 6], the BFR procedure is described in the context of “a serving cell”. 
  
It is noted that BFR is already supported for PCell and PSCell, therefore the remaining question is whether BFR can be supported for SCell as well. An email discussion was conducted in RAN1 and the summary is provided in [1]. After further discussion, it is agreed that beam failure recovery is additionally supported on SCell in Rel.15. The number of SCells BFR needs to be supported on is 1. UE is not mandated to support BFR on SCell. Note that there is no additional RAN1 specification impact for BFR on SCell. 

Also, RAN2 made following agreement in RAN2#101:

Agreements
1 Single maxpreamble, powerampingstep and received target power parameters are used that can have different values depending on why the random access is used (BFR or not).  
3	From RAN2 point of view beamFailureRecoveryTimer is not supported
4	Assume that at least CFRA BFR can be configured for SCell using ASN.1.  FFS if there are any major impacts to support this in UP
….

In this contribution we discuss the options for SCell beam failure recovery.
2	Options for Beam Failure Recovery on SCell
As per RAN1 agreement, the SCell BFR is additionally supported in Rel.15. Here we discuss different options for recovery signaling.
2.1	RA preamble based solution
In preamble based SCell BFR solution, network configures dedicated preambles per candidate beam on SCell in similar manner as currently defined for PCell. However, in carrier aggregation scenarios the SCell may be a downlink only cell and corresponding uplink is not available for signaling the beam failure recovery. In this case the PCell signaling for SCell beam failure recovery would need to be supported.
One proposed mechanism discussed in previous RAN2 meeting, was the use of CFRA signals to indicate SCell failure/new candidates to network. These resources could be reserved from PCell PRACH preambles in case no uplink is configured for SCell. From network perspective, configuring CFRA signals for large set of potential candidate beams is not feasible due to the resource configuration overhead. Since the dedicated signals are UE specific, the amount of resources that need to be configured increases linearly with the number of UEs and adds uplink overhead. Already for PCell beam failure recovery the dedicated resources add uplink overhead, adding SCell specific signaling adds additional overhead on top of that. Besides, if we would need to reserve preambles from the PCell for SCell, each preamble set for SCell should be allocated from each beam in the PCell which makes the solution infeasible in practice. 
Observation 1: Configuring dedicated RA resources on PCell for SCell beam failure recovery seems infeasible in practice due to the amount of additional uplink overhead it introduces.
Similarly, as for PCell, it is not feasible to configure dedicated signals for each potential SCell candidate beam, especially in case when these signaling resources are configured on PCell uplink. Providing CFRA resources for subset of candidates may opportunistically speed up the recovery process but relying only CFRA based solution for SCell recovery is not feasible. In one aspect if UE cannot indicate any new candidate using CFRA signaling but new candidates still exist, alternative signaling mechanisms should be available. 
In PCell BFR, RAN2 specified the use of CBRA to complement the use of CFRA signaling, thus similar solution should be used for SCell BFR. In case where the SCell is downlink only (i.e. no RA resources available) the PCell SR/CBRA is available (when PCell is not in failure condition) thus signaling support to indicate new SCell candidates would need to be defined. Indeed, the SR/CBRA in the PCell cannot indicate any candidate beam in SCell as the preamble defines only the beam in PCell, hence, preamble based solution alone is not enough to support efficient SCell beam failure recovery.
Observation 2: Preamble based solution alone is not enough to fully support SCell BFR in different CA scenarios.
2.2	PUCCH beam reporting based SCell beam failure detection
Currently, PUCCH beam reporting supports reporting the L1-RSRP for the N-highest CSI-RS/SSB resource indices according to resource and reporting configuration by network. Based on the PUCCH beam reporting on PCell, PUCCH may be used by network to implicitly detect beam failure on SCell. While this approach can be supported already now, it may be a suboptimal solution in terms of latency as it requires UE to first report and thereafter network to determine when SCell is considered to be in failure condition.
Observation 3: SCell BFR using PUCCH beam reporting can be used by network to implicitly detect SCell beam failure and no new signaling would need to be specified. 
PUCCH solution would have minimal to no impact on current specification (considering rel.15 timeline) but may be a suboptimal solution for the future e.g. in terms of beam failure detection delay and recovery latency. More efficient UE based procedure could be introduced to complement this option, e.g., for UEs that require very low latency recovery like for URLLC services.
2.3	MAC CE based SCell BFR
One option to support SCell BFR is to use MAC CE based signaling on PCell [2]. MAC CE based solution can be seen as flexible and scalable approach due to support of variable payload size. When SCell beam failure has been detected, a specific MAC CE could be used to indicate SCell beam failure and new candidate beam in the SCell or even multiple candidates if available. 
The resources for indicating SCell failure using a MAC CE can be requested using current signaling mechanisms, thus, no additional dedicated signals to support SCell BFR would be needed to be reserved on PCell.
In any case, if network configures set of dedicated signals for SCell BFR purposes the MAC CE based solution would still be needed to complement this, as network may not be able to configure dedicated preamble for each potential candidate beam in a cell. Also, when maximum number of preambles have been transmitted or when there is no candidates available, there should be a mechanism to inform NW about the SCell beam failure. Thus, as discussed also in chapter 2.1, alternative signaling mechanisms will be anyway needed to make the recovery procedure complete.
Observation 4: Using MAC CE for SCell BFR requires no additional configuration of dedicated signals on SCell/PCell uplink and could benefit of being able to indicate multiple candidate beams, if available. 
Observation 5: MAC CE based solution is applicable also in scenarios where SCell comes without an associated uplink carrier.
Proposal: Define MAC CE based solution for SCell beam failure recovery.
3	Conclusions 
In this contribution the alternatives for realizing SCell beam failure recovery (BFR) are discussed. It was noted the NW can be able to detect the SCell BFR based on the channel reporting over PUCCH via PCell. However, if additional UE based solution is deemed necessary, the following is proposed:
Proposal: Define MAC CE based solution for SCell beam failure recovery.
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