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Introduction
In RANP#80 meeting, beam failure recovery (BFR) for SCell on the basis of BFR mechanism specified in Rel-15 was included as part of the work plan for NR MIMO enhancement in Rel-16 [1]. Before the discussion of the specification of SCell BFR in detail, it is important to determine the high level design principle or solutions for SCell BFR in Rel-16. 
In this contribution, we discuss the solutions for SCell BFR in Rel-16.
[bookmark: _GoBack]Solutions for SCell BFR
In RAN1#93 meeting, four broad solutions for BFR on SCell have been provided in R2-1803981 by RAN2 [2]:
A. CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
B. CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.
C. CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.
D. MAC CE transmission on PCell to indicate the new beams.
The above solutions can be assumed as a starting point of the discussion for SCell BFR.
Proposal 1: Consider the solutions for BFR on SCell in R2-1803981 as a starting point of RAN1 discussion.
Solution A
In terms of solution A, both BFR request and BFR response of a SCell BFR procedure are taken place on SCell. A UE is configured with multiple BFR search space sets for different serving cells. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· The related BFR operations for one serving cell is decoupled with the operation of other serving cells. This simplifies the corresponding gNB and UE behavior; 
· This solution is consistent with RAN1 UE behavior specified in Rel-15. This means less RAN1 standardization effort is required.
Disadvantage: 
· This solution requires the configuration of multiple BFR search space sets for different serving cells. This solution requires more resources used for PDCCH monitoring;
· This solution is not aligned with the design principle of random access procedure. In Rel-15, BFR is regarded as a type of random access procedure, which has been reflected in TS 38.321 [3]. The general design principle for random access procedure in SCell is to transmit a PRACH preamble on SCell and monitor the corresponding RAR on PCell. Hence, if solution A is adopted, there will be impacts on RAN2 specifications.
Solution B
In terms of solution B, the BFR request of a SCell BFR procedure are transmitted on SCell and the corresponding gNB response are received on PCell. UE is configured with one BFR search space set on PCell. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· As mentioned in the previous section, this solution is aligned with the design principle of random access procedure. If this solution is adopted, the framework of random access procedure can be reused, especially from the perspective of RAN2.
· This solution only requires one BFR search space set on PCell. This can save the resource for PDCCH monitoring.
Disadvantages:
· The related BFR operations for SCell is associated with the operations for PCell. This may increase the complexity of the corresponding gNB and UE behavior; 
· If this solution is adopted, current RAN1 UE behavior described in Rel-15 cannot be directly applied to SCell BFR. This means that more standardization effort is required.
Solution C
In terms of solution C, both BFR request and BFR response of a SCell BFR procedure are taken place on PCell. UE is configured with PRACH resources for different serving cells. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· Reliability. Since only one random access procedure is allowed to be initiated at a time, the initiation of SCell BFR may imply that the channel condition of PCell is reasonable. Therefore, the reliability of BFR request transmission and the BFR response reception via PCell can be guaranteed. 
· This solution is suitable to the BFR on downlink-only SCell, where BFR request transmission on SCell is not possible.
Disadvantage: 
· Similar to solution A, this solution is not aligned with the design principle of random access procedure. If this solution is adopted, the framework of random access procedure specified in Rel-15 need to be revised; 
· Similar to solution B, if this solution is adopted, current RAN1 UE behavior described in Rel-15 cannot be directly applied to SCell BFR. This means that more standardization effort is required.
Solution D
In terms of solution D, BFR request is a MAC CE message on PCell instead of preamble transmission. The advantages and disadvantages of the solution are discussed as follows.
Advantages: 
· Reliability. Similar to solution C, this solution is reliable since BFR request is transmitted on PCell and carried by MAC CE message.
Disadvantage: 
· Latency. It takes longer time for a UE to prepare for a BFR request and it also takes longer time for a gNB to decode a MAC CE message in comparison with a PRACH preamble. Since the motivation of BFR is to quickly recovery beam failure, latency issue is crucial. Hence, solution D is not preferred.

In summary, solution D is not preferred and other solutions (A, B and C) requires further discussions for down-selection.
Proposal 2: Discuss the solutions of BFR on SCell.
BFR for SCell without PDCCH
The aforementioned solutions are based on PDCCH channel monitoring. For a UE configured with multiple serving cells, it is very likely that a SCell is cross carrier scheduled by another serving cell. For this scenario, current BFR mechanism does not work since there is no PDCCH resource configured on the SCell. Hence, link failure on the SCell cannot be quickly recovered.
Proposal 3: Discuss the necessity of BFR on SCell without PDCCH.
Conclusion
In this contribution, the issue associated with the BFR on SCell are discussed. Based on the discussion, we have the following proposals:
Proposal 1: Consider the solutions for BFR on SCell in R2-1803981 as a starting point of RAN1 discussion.
Proposal 2: Discuss the solutions of BFR on SCell.
Proposal 3: Discuss the necessity of BFR on SCell without PDCCH.
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