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Introduction
Beam failure recovery (BFR) for NR SCells will be specified in Rel-16. The WID [1] guides the workgroups to design the BFR for SCells based on the BFR specified in Rel-15, which is supported only on SpCells. To a large extent, the Rel-15 BFR can be reused, but certain aspects need to be reconsidered, in particular how the beam failure recovery request (BFRQ) is transmitted when beam failure is detected on a DL-only SCell.
Discussion
[bookmark: _GoBack]Supported SCell Scenarios
In a deployment scenario with CA between cells in FR1 and FR2, the SpCell is typically a cell on FR1 for robustness, while cells on FR2 are configured as SCells. Since BFR is applicable to FR2, it is an important enhancement to support BFR on SCells.
Due to the often asymmetric traffic between DL and UL, it is often desirable to configure SCells in FR2 with DL heavy or even DL-only UL/DL configuration. For analog beamforming TRPs, which is common in FR2, separate time-multiplexed UL resources associated with each candidate RS need to be semi-statically reserved. Hence, requiring that the SCell BFR UL transmissions always need to occur on the SCell would in many cases waste radio resources. Therefore, we suggest that BFR should be supported also for DL-only SCells.
Proposal 1: BFR of both DL-only SCells and SCells with UL/DL is supported.

Beam Failure Detection (BFD)
It is necessary to support different BFD configurations on different SCells, since they may be in vastly different frequency bands or transmitted from different TRPs, etc. Hence, there is no need to relate the BFD in one SCell to BFD in another Scell. UE BFD complexity concerns with BFD on multiple SCells can later be addressed by a UE capability. 
Proposal 2: BFD (and its configuration) is independent between SCells.
There seems to be no clear motivation to specify a different beam failure detection mechanism on SCell than what is already supported for SpCell in Rel-15. Regarding the metric for SCell BFD, unless it is concluded that the Rel-15 metric for BFD (hypothetical BLER) is faulty, it can be reused also for SCell.
Proposal 3: BFD for SCell uses the mechanism specified in Rel-15, incl. the metric for beam failure.
In Rel-15, the BFD-RS are configured jointly with RLM-RS in the RRC parameter RadioLinkMonitoringRS in RadioLinkMonitoringConfig. However, RLM on SCell will not be supported in Rel-16. A straightforward way to configure BFD-RS on SCell using RadioLinkMonitoringRS would be to limit the purpose parameter value to “beamFailure”. However, these details can be left to RAN2 to decide.

New Beam Identification (NBI)
It is necessary to support new beam identification also for SCells, since the SCell beams may be unrelated to the SpCell beams. However, in some cases, it may be beneficial to include RSs on another cell, e.g. SSBs, among the candidate RS. This can be useful for instance when an SCell without SSBs is deployed close in frequency to the SpCell, which transmits SSBs. Unless it is concluded that the Rel-15 metric for NBI (L1-RSRP) is faulty, it can be reused also for SCell NBI.
Proposal 4: NBI for SCell is supported, reusing the metric from Rel-15 NBI.

Beam Failure Recovery Request (BFRQ)
In order to support DL-only SCells, it is not possible to completely reuse the Rel-15 BFRQ mechanism, since the UE cannot transmit the BFRQ on a DL-only SCell. Hence, also BFRQ transmission on another cell, e.g. the SpCell, needs to be supported, in addition to BFRQ transmission on the failed cell (the SCell on which beam failure has been detected).
Proposal 5: BFRQ transmission on the failed SCell or on another cell than the failed SCell is supported.
An attractive configuration for a UE with multiple DL-only SCells in FR2 would be to configure BFRQ for the DL-only SCells to be transmitted on one other cell, e.g. the SpCell or another SCell with UL. This would avoid the need to configure semi-static UL occasions on multiple cells in a DL heavy traffic scenario. However, assuming that the BFD/NBI is independent on different SCells, the BFRQs for the different failed SCells could be independent.
Proposal 6: BFRQ for multiple DL-only SCells can be independently transmitted on the SpCell.
BFR for SCell should be based on the BFR specified in Rel-15. However, Rel-15 BFR does not support a mechanism to transmit BFRQ on another cell than a failed SCell. For this case, considerations beyond Rel-15 BFR may be needed. Aspects for consideration include how the BFRQ indicates which SCell that has failed and how to efficiently support BFRQ resources from multiple SCells being multiplexed in a cell.
It would be beneficial if the mechanism for transmitting BFRQ on another cell has the following properties, since a UE may be configured to transmit BFRQ for many SCells on the same cell:
· additional information can be efficiently included in the BFRQ, such as which SCell that has experienced beam failure and the indication of new beam,
· no additional semi-static UL resources need to be reserved for each candidate RS and each SCell configured for BFRQ transmission on the cell.
· Semi-static BFRQ resources is a waste of resources since BFRQ is used so rarely.
The BFRQ options listed in the feature lead summary from RAN1#94bis [2], pasted below, can be further considered.
Draft Proposal 3 [2]: 
· On beam failure recovery request for SCell, consider the following options
· Option 1: Contention free based BFRQ
· Option 1-1: PUCCH based
· Option 1-2: PRACH based
· Option 1-3: MAC CE in PCell based
· Option 2: Contention based BFRQ
· FFS: details
Since MAC CE is transmitted in PUSCH, it is more efficient to include additional information such as the identity of the SCell that has failed and the new beam, compared to a PUCCH or PRACH based BFRQ. Furthermore, for PUCCH or PRACH based BFRQ, it may be necessary to configure additional semi-static UL resources to indicate which SCell that has failed and the new beam. For the MAC CE based mechanism on the other hand, no additional semi-static UL resources seem to be needed, since the PUSCH is dynamically allocated and the semi-static PUCCH resources used for a scheduling request are anyway allocated. Hence, BFRQ included in MAC CE is preferred for the case that BFRQ is transmitted on another cell than the failed cell.
For self-contained BFR with BFRQ transmitted on the SCell, on the other hand, the CFRA-based BFRQ can be reused from Rel-15 BFR.
Proposal 7: The following mechanisms are supported for BFRQ transmission:
· CFRA-based BFRQ (reused from Rel-15) if the BFRQ is transmitted on the failed SCell.
· MAC CE based BFRQ if the BFRQ is transmitted on another cell.

Beam Failure Recovery Response (BFRR)
In general, the beam failure recovery response is an acknowledgement that the gNB has received the BFRQ, which is typically a PDCCH with the UE’s C-RNTI on a CORESET/search space dedicated to BFR. 
For BFRR following BFRQ transmitted on the failed SCell, e.g. using CFRA as proposed above, the BFRR mechanism from Rel-15 can be reused.
For BFRR following BFRQ transmitted on another cell, e.g. using MAC CE as proposed above, the BFRR could be transmitted either on the failed SCell or on the cell on which the BFRQ was transmitted, e.g. the SpCell. This discussion can be postponed to after the mechanism for BFRQ transmission on another cell has been decided.
Proposal 8: If the BFRQ is transmitted on the failed SCell, the BFRR is received on the failed SCell, reusing Rel-15 BFRR. 
· Further study on which cell the UE monitors BFRR if the BFRQ is transmitted on another cell.

Conclusion
In this contribution, BFR for SCell was discussed. The following proposals were made.
Proposal 1: BFR of both DL-only SCells and SCells with UL/DL is supported.
Proposal 2: BFD (and its configuration) is independent between SCells.
Proposal 3: BFD for SCell uses the mechanism specified in Rel-15, incl. the metric for beam failure.
Proposal 4: NBI for SCell is supported, reusing the metric from Rel-15 NBI.
Proposal 5: BFRQ transmission on the failed SCell or on another cell than the failed SCell is supported.
Proposal 6: BFRQ for multiple DL-only SCells can be independently transmitted on the SpCell.
Proposal 7: The following mechanisms are supported for BFRQ transmission:
· CFRA-based BFRQ (reused from Rel-15) if the BFRQ is transmitted on the failed SCell.
· MAC CE based BFRQ if the BFRQ is transmitted on another cell.
Proposal 8: If the BFRQ is transmitted on the failed SCell, the BFRR is received on the failed SCell, reusing Rel-15 BFRR. 
· Further study on which cell the UE monitors BFRR if the BFRQ is transmitted on another cell.
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