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1. Background

In the last meeting in Vancouver several outstanding issues on beam failure recovery were resolved, and the agreements were sent to RAN2 in an LS. RAN2 also had extensive discussion on this topic and sent their inquiries to RAN1 in an LS. 
In this contribution we discuss the remaining problems in RAN1.
2. Discussion

2.1. Beam failure recovery in SCell

Support of BFR in a multi-CC scenario has never been discussed in RAN1. The following issues are open: 
· Whether BFR is supported on SCell; 

· If so, how to support BFR on SCell and PCell

In our understanding, BFR is important for mmWave band due to its higher probability of beam blockage than sub-6GHz band. A cell operating in mmWave band is more likely to be configured as a SCell, while sub-6GHz band is more likely configured as a PCell to achieve wide coverage. Supporting BFR on SCell is therefore necessary.
Proposal: BFR is supported on SCell. 
The current agreements on BFR apply at least to the case of same-carrier case, e.g. where RS for beam failure monitoring, RS for new beam identification, PRACH resources for CFRA, CORESET, and CORESET-BFR are all on the same carrier. It needs to be discussed whether any cross-carrier aspect needs to be considered on PCell and SCell, e.g.
1. Whether RS for beam failure measurement, and new beam identification, are configured on the same cell,
2. Whether PRACH can be sent on a different UL carrier than the one associated with the DL carrier,

3. Whether CORESET-BFR can be configured in a different carrier from existing CORESET,

4. Whether CORSET-BFR supports cross-carrier scheduling.

On the 1st issue, beam failure is declared when qualities of all BFD RSs fall below a threshold. It is important that beam failure can be reported on a per-CC basis. Lumping RS on different CCs together for beam failure monitoring makes it impossible to independently report beam failure event for each cell (e.g. sub-6GHz and above-6GHz) and therefore not preferred.  Furthermore, new beam identification RS should be on the same cell as beam failure monitoring RS. These principles are naturally aligned with CSI/beam management framework where RS settings are configured per-CC/BWP.
On the 2nd issue, if the serving SCell is configured with uplink, CFRA should be performed on the serving SCell. If uplink is not configured for the serving SCell, PRACH for CFRA is supported on the PCell. In this case PRACH resources on PCell need to be able to differentiate beams on PCell or SCell. 

On the 3rd issue, in theory CORESET-BFR can be configured in another CC if control resource on the current CC is congested. However, given that analog beam management is mostly for >6GHz where channel bandwidth is abundant, the need of such configuration is not clear. In addition, new alternative beam found in CC1 is generally not valid for CORESET-BFR reception in CC2 unless cross-CC spatial QCL holds, therefore the use case of having CORESET in sub-6GHz and CORESET-BFR in above-6GHz is not obvious. To summarize, CORESET and CORESET-BFR should be on the same CC for most typical use cases. Likewise, the need of cross-carrier scheduling for CORESET-BFR is not clear. 
In summary, BFR procedure should be self-contained per-CC. 
Proposal: Beam failure recovery is self-contained per-CC, except that PRACH of CFRA for BFR on a serving SCell is configured on PCell if the serving SCell does not have uplink. 
2.2. Spatial QCL assumption on CORESET-BFR

In RAN1 AH 1801, it was agreed that a set of candidate beams satisfying the L1-RSRP threshold are selected in PHY and reported to MAC. MAC performs beam failure detection (based on beam failure instance from PHY), and if detected, chooses one beam and use the associated PRACH resource for CFRA accordingly. It is FFS if and how PHY should be aware of the selected PRACH resource.

First of all it needs to be discussed whether PHY should be aware of PRACH resource. The purpose of PHY being aware of PRACH resource is to presumably identify the new selected beam for CORESET-BFR reception. However, this would require the the association between the new beam identification RS and PRACH resource to be visible to PHY. Whether this is supported shall be clarified in RAN1. Secondly, it is unclear if new beam identification RS and PRACH resource is one-to-one mapped (e.g. whether two beams can be associated with the same PRACH resources). If not, PRACH resource is not able to uniquely identify the beam for CORESET-BFR reception. 

It is proposed that RAN1 clarify the above two issues. If both hold, MAC may send the PRACH source to PHY. Otherwise, MAC may indicate the index of the new beam to PHY.
Proposal: 

· Clarify the following two issues in RAN1

· If the association between new beam identification RS and PRACH resources is visible to PHY.

· If new beam identification RS and PRACH resources are one-to-one mapped

If both holds, MAC may send the PRACH resource information to PHY. Otherwise MAC may send the information of the selected beam to PHY. 
3. Discussion

This contribution discussed the outstanding issues of BFR. Our current views are summarized below.

· Proposal:    BFR is supported on SCell. 
· Proposal:  BFR is self-contained per-CC, except that PRACH of CFRA for BFR on a serving SCell is configured on PCell if the serving SCell does not have uplink. 
· Proposal:  Clarify the following two issues in RAN1

· If the association between new beam identification RS and PRACH resources are visible to PHY.

· If new beam identification RS and PRACH resources are one-to-one mapped.
If both holds, MAC may send the PRACH resource information to PHY. Otherwise MAC may send the information of the selected beam to PHY.
