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[bookmark: _Ref506235645]Introduction
The beam failure recovery request (BFRR) procedure was initially decided by RAN1 [1], based on a contention-free random access procedure where a Connected State UE is configured with UE-dedicated preambles and where each preamble is associated with a selected beam, different from the serving beam(s) to recover from beam failure. In RAN2#100 meeting, the RAN1 agreements were complemented to provide a full picture e.g. also including fall-back to CBRA [2]:
Agreements
1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    
2. [bookmark: _GoBack]Beam selection is specified in the MAC similar to the HO case.
3. The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  
In RAN2 AH 1801 meeting, it was further clarified that the MAC layer actually performs the beam failure detection, which we address in [3]. It was also discussed different interpretations and design choices of some initial directions provided by RAN1 in [1], regarding e.g. the use of two parameters, Beam-failure-recovery-Timer and PreambleTransMax-BFR, for supervising beam failure recovery procedure in an offline discussion [4] which resulted in a list of further questions to RAN1 [5]. In the meantime, in RAN1 AH 1801 meeting, RAN1 made quite some progress in the definition of the BFRR, thus addressing most questions in [5]:
	Agreement:
Change candidate beam selection model to the following alternatives:
· PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold
· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}
· Note: The mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done in MAC
· Support for candidate beam selection model is specified in the RAN2 specifications

Agreement:
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission

Agreement: 
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met
· Upon expiry of Beam-failure-recovery-Timer 
· Upon reaching max. # of BFRQ transmissions

Agreement: 
· PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.



In this contribution, we consider the various fallback options for the BFRR also taking into account the BWPs and derive the associated procedure. The discussion is focused on a non-CA configuration though. BFRR in the context of CA configuration is addressed in [6]. 
Discussion
As mentioned in Section 1, in its initial form designed by RAN1, the BFRR relies on dedicated RACH preambles aiming at uniquely identifying both a UE and a DL beam (aka SSB or CSI-RS) selected by the UE to recover from beam failure. Such beam failure is determined when all serving beams fail [1] and the UE then attempts to find recovery beams from a candidate set different from the serving beams. The candidate set is configured by RRC along with associated contention-free (dedicated) PRACH resources. In RAN2#100, RAN2 extended the RAN1 design initially based on contention-free RACH resources only to also include contention-based resources, as fallback (agreement #3 in Section 1).
In the current RRC specification, the BFRR configuration is handled via the BeamFailureRecoveryConfig information element including the field candidateBeamRSList, an array of items of type PRACH-ResourceDedicatedBFR each defining a candidate beam by both the beam RS (SSB or CSI-RS) to monitor/measure and its associated dedicated PRACH resource to be used in the BFRR procedure. The first issue to address is whether the BFRR configuration is configured per BWP or across BWPs. If it is configured across BWPs, it means that the candidate set and/or the associated dedicated PRACH resources could be distributed across BWPs. Given upon BFRR trigger the UE needs to assess the best beam from the candidate set, it means it would need to monitor/measure the associated SSBs/CSI-RS across multiple BWPs, which somehow defeats the purpose of narrowing down the UE operation in a reduced BWP rather than wideband. This would also not be consistent with current RLM operation which is localized to the active BWP. In addition, generally the BWPs in the same cell/carrier have the same beam characteristics; hence the performance benefit is also to be proven. On the other hand, keeping the dedicated RACH resources configured per BWP is consistent with other RACH resources which are already configured per BWP. Thus, similar to regular RACH resources, the BFRR related RACH resources and parameters are configured per BWP.
Proposal 1: BFRR candidate set, including SSB/CSI-RS and associated dedicated PRACH resources, and related parameters are configured per BWP.
So far RAN1 has only discussed the BFRR procedure and configuration in a non-CA and single BWP configuration. Similarly the above further RAN2 agreements do not take into account the case where a UE is configured with multiple BWPs. For the normal RACH, RAN2 has agreed that PRACH resources may not be configured in each BWP, in which case, a fall-back to the initial BWP applies to the normal RA procedure as follows [7]:
	Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH resources are configured for the active UL BWP:
2>	perform the Random Access procedure on the active DL BWP and UL BWP.
1>	else (i.e. PRACH resources are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.



So given contention-free PRACH resources associated with a candidate set of beams for BFRR are even more costly than the contention-based PRACH resources, it makes sense that, similarly, they may not be configured in each BWP.
Proposal 2: UE shall not expect BFRR-related candidate beam set and associated dedicated PRACH resources to be configured in each configured BWP.
As a result, the BFRR should cope with two types of fallbacks:
· Contention-free to contention-based: for the case where no PRACH-ResourceDedicatedBFR is configured or no SSB/CSI-RS in the candidate set exceeds the L1-RSRP threshold
· Active BWP to initial BWP. 
Then we have to “prioritize” the different fallbacks. There are two options:
Option 1: favoring contention-free over BWP switching:
The idea is to use contention-free resources as much as possible to maximize the BFRR efficiency and, if needed, switch BWP to leverage contention-free resources if not available (or no associated beam meets the threshold condition). However, similar to the regular RA procedure, we think it is better to limit the BWP fallback to the initial BWP only. The resulting fallback priorities are:
1) CFRA in active BWP
2) Fallback 1: CFRA in initial BWP
3) Fallback 2: CBRA in active BWP
4) Fallback 3: CBRA in initial BWP

Option 2: favoring no BWP switching over contention-free RA:
In this option, the aim is to minimize the UE’s autonomous BWP switch and rather retain as much as possible the BFRR in the active BWP. The price to pay is that UE may initiate a contention-based RA in the active BWP although a candidate set with contention-free resources was configured in the initial BWP. The resulting fallback priorities are:
1) CFRA in active BWP
2) Fallback 1: CBRA in active BWP
3) Fallback 2: CFRA in initial BWP
4) Fallback 3: CBRA in initial BWP

In our view, the key metric of the BFRR is its efficiency so we think it is better to favor contention-free RA over BWP switching.
Proposal 3: The fallback strategy of BFRR should favor contention-free resources usage over BWP switching
This leads to select Option 1 which can be captured by the following proposals:

Proposal 4: When BFRR is triggered, if a BFRR candidate beam set is configured in the active BWP and at least one associated SSB or CSI-RS in the candidate set meets the L1-Threshold condition, the MAC entity shall:
1. select any SSB or CSI-RS from the candidate beam subset meeting the L1-Threshold condition
2. initiate a Random Access procedure in the active BWP with the contention -free PRACH random access resource associated with the selected SSB or CSI-RS
  
Proposal 5: When BFRR is triggered, if no BFRR candidate beam is configured in the active BWP or no SSB or CSI-RS in the BFRR candidate beam set meets the L1-Threshold condition, but a BFRR candidate beam set is configured in the initial BWP and at least one associated SSB or CSI-RS in the candidate beam set meets the L1-Threshold condition, the MAC entity shall:
1. select any SSB or CSI-RS from the candidate beam subset meeting the L1-Threshold condition
2. switch to the initial BWP
3. initiate a Random Access procedure in the initial BWP with the contention -free PRACH random access resource associated with the selected SSB or CSI-RS

Proposal 6: When BFRR is triggered, if a BFRR candidate beam is neither configured in the active BWP nor in the initial BWP or if no SSB or CSI-RS from both active and initial BWP candidate sets meets the L1-Threshold condition, and contention based PRACH resources are configured in the active BWP, the MAC entity shall initiate a contention-based Random Access procedure in the active BWP.

Proposal 7: When BFRR is triggered, if a BFRR candidate beam is neither configured in the active BWP nor in the initial BWP or if no SSB or CSI-RS from both active and initial BWP candidate sets meets the L1-Threshold condition, and no contention based PRACH resources are configured in the active BWP, the MAC entity shall initiate a contention-based Random Access procedure in the initial BWP.

In our companion contribution [8] we further address the reselection of the candidate beam, BWP and RA type for each PRACH re-attempt and provide a TP addressing the proposals of both contributions.
Conclusion
In this contribution we discussed the BFRR fallback options including fallback to CBRA and to the initial BWP. The resulting proposals are as follows. In our companion contribution [8] we further address the reselection of the candidate beam, BWP and RA type for each PRACH re-attempt and provide a TP addressing the proposals of both contributions.
Proposal 1: BFRR candidate set, including SSB/CSI-RS and associated dedicated PRACH resources, and related parameters are configured per BWP.
Proposal 2: UE shall not expect BFRR-related candidate beam set and associated dedicated PRACH resources to be configured in each configured BWP.
Proposal 3: The fallback strategy of BFRR should favor contention-free resources usage over BWP switching
Proposal 4: When BFRR is triggered, if a BFRR candidate beam set is configured in the active BWP and at least one associated SSB or CSI-RS in the candidate set meets the L1-Threshold condition, the MAC entity shall:
1. select any SSB or CSI-RS from the candidate beam subset meeting the L1-Threshold condition
2. initiate a Random Access procedure in the active BWP with the contention -free PRACH random access resource associated with the selected SSB or CSI-RS
  
Proposal 5: When BFRR is triggered, if no BFRR candidate beam is configured in the active BWP or no SSB or CSI-RS in the BFRR candidate beam set meets the L1-Threshold condition, but a BFRR candidate beam set is configured in the initial BWP and at least one associated SSB or CSI-RS in the candidate beam set meets the L1-Threshold condition, the MAC entity shall:
1. select any SSB or CSI-RS from the candidate beam subset meeting the L1-Threshold condition
2. switch to the initial BWP
3. initiate a Random Access procedure in the initial BWP with the contention -free PRACH random access resource associated with the selected SSB or CSI-RS

Proposal 6: When BFRR is triggered, if a BFRR candidate beam is neither configured in the active BWP nor in the initial BWP or if no SSB or CSI-RS from both active and initial BWP candidate sets meets the L1-Threshold condition, and contention based PRACH resources are configured in the active BWP, the MAC entity shall initiate a contention-based Random Access procedure in the active BWP.

Proposal 7: When BFRR is triggered, if a BFRR candidate beam is neither configured in the active BWP nor in the initial BWP or if no SSB or CSI-RS from both active and initial BWP candidate sets meets the L1-Threshold condition, and no contention based PRACH resources are configured in the active BWP, the MAC entity shall initiate a contention-based Random Access procedure in the initial BWP.
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