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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Beam failure recovery procedure defined in the spec uses PRACH to send the beam failure recovery request [1]. This works well in the single carrier case. In carrier aggregation, a UE is configured with at least a Pcell and a Scell. There has been some discussion on beam failure recovery on Scell in the last meeting [2][3]. It is not very clear if the beam failure recovery to the Scell is already supported, or additional procedure needs to be defined. In this contribution we discuss the various issues and potential solution for beam failure recovery in the CA case.

2 Discussion
The beam failure recovery procedure for a single cell has already been specified in Rel.15.  The network configures for a UE a set  of periodic CSI-RS resources for beam failure detection, and a set  of CSI-RS resources or SSBs for candidate beam monitoring and identification, and a set of contention-free PRACH resources for requesting beam failure recovery to the PCell. Each PRACH resource corresponds to a candidate beam in . The UE transmits using the PRACH resource corresponding to a new candidate beam in  it identifies after all the beams in  have failed.
However, because a SCell does not have its own PRACH resources, this scheme only applies to beam failure recovery to the PCell (or PScell).  Here we discuss several candidate schemes to support beam failure recovery in Scell.  

· Alternative 1: Configure PRACH resource for Scell in Pcell for beam failure recovery request

A relatively straightforward way to extend the current solution to CA is to configure a set of contention-free PRACH resources in the Pcell for beam failure recovery for the Scell. The UE is still configured with its own set of resources ( and ) for beam failure detection and candidate beam monitoring. But instead of configuring the contention-free PRACH resources in the Scell, gNB configures them in the PCell. It should be emphasized that the PRACH resources configured for Scell in the Pcell corresponds to the candidate beams in , while another set of PRACH resources is still configured for Pcell in the Pcell corresponds to Pcell’s own candidate beam set . When the UE wants to signal to the gNB of its beam failure in Scell and the new candidate beam, it transmits in the corresponding PRACH resource in Pcell corresponding to the candidate beam in . In order to receive the response from gNB from the Scell, the UE is still configured with CORSET and search space in the Scell. Similar to Pcell, the UE assumes the gNB will send its response in the Scell in the configured CORSET with the same TCI state as the requested candidate beam.
This solution takes advantage of the already specified beam failure recovery procedure and requires minimal amount of standardization effort. No new procedure needs to be defined in RAN1. RAN2 should take care of the association of the contention-free PRACH resources in Pcell with the candidate beam set  in the Scell. Therefore we believe this approach is already supported in RAN1 spec and no additional work in RAN1 is necessary.

Observation 1: The beam failure recovery request for CA using PRACH is already supported in RAN1 spec.
Based on this observation, we propose to not work further on PRACH based beam failure recovery procedure for CA.

Proposal 1: RAN1 does not work further on PRACH-based beam failure recovery for CA.
However, it requires configuration of additional PRACH resource on the Pcell, and puts a heavy toll on the already limited PRACH resources. Since the Pcell is tasked with the function of restoring the beams for both the PCell and the Scell, when the beams from the Pcell to the UE fail, UE cannot rely on this scheme to recover the beams to the Scell (if these beams fail too). In this case the UE can only first recover the beams to the Pcell.  

· Alternative 2: Use the PUCCH/PUSCH of Pcell to request beam failure recovery request in Scell

	This approach does not configure contention-free PRACH resources for Scell, but uses the fact that when the serving beams of the Scell fail, the Pcell may still have working beams in good order so the Pcell’s PUCCH and/or PUSCH may serve as a conduit for UE to signal its beam failure and the new candidate beam in the Scell. This is likely to be true when the Pcell and Scell are transmitted from two physically separated TRPs, and only the path from the Scell is blocked. When the Pcell and the Scell are transmitted from the same TRP in very different frequencies (such as Pcell is below 6GHz and Scell is above 6GHz), because of the very different radio propagation property in microwave and millimeter wave range, it is also possible that the beams from the Scell have failed, but the beams from the Pcell are still good. The UE may send a MAC-CE message using the PUSCH of the Pcell to indicate to the gNB that all the serving beams in  have failed, and also indicate the new candidate beam bsc it has identified from the set  . The MAC-CE message carries all the information carried by the contention-free RACH transmission plus the cell ID of the Scell. On receiving the MAC-CE message, gNB understands that the UE has suffered a beam failure in its SCell, and wants to restore the DL beam using the newly identified candidate beam from . The gNB then transmits PDCCH followed by PDSCH to the UE in Scell using the TX beam bsc requested by UE.  The rest of the beam failure recovery procedure is similar to the procedure defined using PRACH. 
	While the above procedure is defined for the UE to recover the Scell beam using the Pcell, it can be used to recover beams for the Pcell through the Scell as well, when the Scell still has functioning beams. This can be done by simply switching the role of the Pcell and Scell in the above procedure.   
	There would be time when beams to both the Pcell and the Scell fail simultaneously. This may happen when the Pcel and the Scell are transmitted from the same TRP, and the path from the TRP to the UE is blocked all together. When this happens, the UE needs to first recover the beams to the Pcell using the beam failure recovery procedure already defined using contention-free PRACH (or contention-based PRACH, or PUCCH). After the beams to the Pcell have been reestablished, UE can restore the beams to the Scell with the regular beam management procedure. 
	This approach can be extended to the case where there are multiple Scells. When one of the serving cells (Pcell or Scell) fail all its DL beams, UE may send the beam failure recovery message to any one, or multiple of the function cells. This further enhances the robustness of the beam failure recovery procedure. 
	Compared with Alternative 1, this approach does not require additional PRACH resource configured for the Scell. This saves PRACH overhead in the Pcell. This also provides an mechanism for the Pcell and Scell to be mutual backup in the case of beam failure to a single cell. The robustness to the beam failure recovery in the Pcell is also enhanced.  
By comparing the two alternatives, we believe Alternative 2 has clear advantage over Alternative 1 and should be supported. 
Proposal 2: To recovery from beam failure in a cell in the CA case, UE may send the beam failure recovery request using MAC-CE message to another working cell. 

If Pcell and Scell are transmitted from the same TRP, and their frequencies are relatively close from each other, QCL relationship can be defined between CSI-RS resources or SSB of the Pcell and Scell. For example, with intra-band CA, the TX/RX configuration and the channel spatial properties are similar in the carriers between Pcell and Scell, and TX and RX spatial filters of the CSI-RS or SSB of the Pcell can be reused for Scell if QCL relationship is defined between Pcell and Scell. QCL between different carriers is discussed in details in our companion contribution [4].  This allows the gNB and UE to manage the beams of the Scell through the beams of the Pcell without extra overhead in the Scell. The gNB can configure the TCI-state for PDSCH or TCI-statePDCCH for PDCCH for the UE in the Scell using the CSI-RS or SSB of the Pcell. In order to use a CSI-RS resource or SSB index defined in Pcell in Scell, a carrier index needs to be included together with the CSI-RS resource ID (CRI) or SSB index when TCI states are configured by RRC. For across carrier beam management in CA, CSI-RS resource in another carrier (Pcell) can be identified as (carrier index, CRI), and SSB as (carrier index, SSB index) in the Scell. The TCI-states for PDSCH or TCI-statePDCCH in the Scell can be configured in the Pcell through RRC. When the UE receives the RRC configuration for TCI-states, from the carrier index it understands that the spatial RX filter for the corresponding CSI-RS resource or the SSB in the Pcell should be reused in the Scell. When the TCI-states and TCI-statesPDCCH configured for the Scell have been configured, UE can operate with the configured beams in the Scell.  There will be no additional beam failure recovery procedure for Scell. When the beams in Pcell are recovered through the PRACH-based beam failure recovery procedure, the beams in the Scell are recovered as well. Based on these observations, we propose the following:

Proposal 3: Use QCL relationship across different carriers to assist beam failure recovery in intra-band CA.


3 Conclusion

In this contribution, we have analyzed and compared two alternative approaches to beam failure recovery for carrier aggregation. The first approach uses the existing PRACH-based approach for UE to signal its beam failure recovery request and new candidate beam in the Scell using dedicated PRACH resource configured in the Pcell. This approach requires additional PRACH resource in the PCell, so it has a high overhead from RACH resource point of view. The current spec already supports this approach, so no additional standardization effort is required. The second approach allows the UE to send its beam failure recovery request through the working cell (Pcell or Scell). It enhances the robustness of both the Pcell and Scell while does not require additional PRACH resources.  It is our preferred approach. Our observation and proposals are summarized as below:
Observation 1: The beam failure recovery request for CA using PRACH is already supported in RAN1 spec.
Proposal 1: RAN1 does not work further on PRACH-based beam failure recovery for CA.
Proposal 2: To recovery from beam failure in a cell in the CA case, UE may send the beam failure recovery request using MAC-CE message to another working cell. 
Proposal 3: Use QCL relationship across different carriers to assist beam management and beam failure recovery in intra-band CA.
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