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1.  Introduction 

In this contribution, we provide our view and analysis on selected remaining issues on beam failure recovery.
2. Search Space for monitoring BFR response

Agreements (RAN1#90bis): 

Support  RRC configuration of a time  duration for a time window  and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.

Agreements (RAN1#91): 

Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request
· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.

Agreement (RAN1#92):
UE expects a dedicated SearchSpace configuration that is one-to-one mapped to CORESET-BFR (RRC parameter CORESET-BFR remains)
For monitoring BFR response, RAN1 agreed to have a specific SearchSpace-BFR and a corresponding CORESET-BFR. During RAN2#101bis, RAN2 decided that recoveryControlResourceSetId is redundant in BeamFailureRecoveryConfig IE and removed it, but still keep recoverySearchSpaceId. Based on RAN1 agreement on the 1-to-1 mapping between SearchSpace and CORESET for BFR, a CORESET used by SearchSpace-BFR (the one originally indicated by recoverySearchSpaceId) can only be associated with SearchSpace-BFR. In this sense, the removal of recoveryControlResourceSetId does not impact the existence of CORESET-BFR. To reflect RAN2 agreement, some re-wording to the corresponding text in TS 38.213 Section 6 is needed.

Proposal 1: adopt the following TP to reflect the removal of RRC:recoveryControlResourceSetId without impacting previous RAN1 agreement.

Text proposal for TS 38.213 Section 6

------------------- Start of text change ---------------------

A UE is provided with an search space set provided by higher layer parameter recoverySearchSpaceId, as described in Subclause 10.1, for monitoring PDCCH in the control resource set. The UE does not expect to be provided another search space set for monitoring PDCCH in the control resource set associated with the search space set provided by recoverySearchSpaceId. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 provided by higher layers [5, TS 38.321], the UE monitors PDCCH in the control resource set and with the associated search space for detection of a DCI format with CRC scrambled by C-RNTI starting from slot 
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 within a window configured by higher layer parameter Beam-failure-recovery-request-window. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters with index 
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 until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. Unless the UE transmitted PRACH in response to Beam-failure-recovery-request-RACH-Resource, the UE is not expected to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceId after the UE receives a higher layer parameter ControlResourceSet or after the UE receives a MAC CE activation for a TCI state.
--------------------end of text change ---------------------------------
3. SearhSpace-0 for monitoring BFR response

In current 38.331, it is commented that if recoverySearchSpaceId, i.e., SearchSpace-BFR is not configured, SearchSpace-0 is used:

Table 1: TS 38.331 BeamFailureRecoveryConfig field description
	BeamFailureRecoveryConfig field descriptions

	candidateBeamRSList
A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recovery and the associated RA parameters

	candidateBeamThreshold
L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free Random Access to recover from beam failure. The signalled threshold is applied directly for SSB; a threshold for CSI-RS is determined by linearly scaling singalled value based on Pc_ss corresponding to the CSI-RS resource. (see FFS_Specification, FFS_Section)

	ra-ssb-OccasionMaskIndex
Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources

	rach-ConfigBFR
Configuration of contention free random access occasions for BFR

	recoveryControlResourceSetId
Control Resource Set that the UE uses to receive the random access response for beam failure recovery. If the field is absent the UE uses the initial CORESET (ControlResourceSetId = 0)

	recoverySearchSpaceId
Search space to use for BFR RAR. If the field is absent, the UE uses the initial Serach Space (SearchSpaceId = 0).


However, there was no RAN1 agreement to monitor BFR response in SearchSpace-0 for contention-free PRACH BFR. In fact, monitoring BFR response for contention-free PRACH would bring up many issues that need further RAN1 discussion, including at least the following:
· Where to transmit contention-free PRACH if active BWP is not the same as initial BWP? Since BFR is more likely to be applied for FR2 band with unpaired spectrum, monitoring SearchSpace-0 in initial BWP involves frequent BWP change. Further, it was agreed for contention-based PRACH transmission in initial BWP, UE then reside on initial BWP only. This apparently does not aligns with the intention of using contention-free PRACH for BFR purpose.

· What sQCL assumption should UE apply for monitoring SearchSpace-0? For SearchSpace-0, it sQCL assumption can be maintained by UE itself based on SSB. However, for contention-free PRACH BFR, q_new selection can be based on dedicatedly configured CSI-RS resources with potentially different beams and/or beam resolution than SSBs. In this sense, there could be conflict of the sQCL assumption derived by the two approaches.
With limited time left for Rel-15, it seems a simple and yet operational solution is to assume that if SearchSpace-BFR is not configured, contention-free PRACH is not used for beam failure recovery. A simple fix would be to remove the description related to initial search space.
Proposal 2: If RRC: recoverySearchSpaceId is not configured, UE is not expected to use contention-free PRACH resources provided in beamFailureRecoveryConfig.
4.  CB-PRACH and CF-PRACH in different BWPs

Up till now, most of BFR discussion assumes that contention-based PRACH resources and contention-free PRACH resources are in the same BWP and there seems common understanding on the behaviour. For the case that these two resources are provided in different BWP, their behaviour is not fully discussed.

Configuration of contention-based PRACH and contention-free PRACH resources can be categorized into the following cases:

1. CF-PRACH and CB-PRACH resources are on same BWP. In this case, CF-PRACH resources are prioritized before expiry of beamFailureRecoveryTimer. After expiry of beamFailureRecoveryTimer, only CB-PRACH resources can be used.

2. CF-PRACH in active BWP and CB-PRACH in initial BWP. Two possible alternatives:

a. Allow only CF-PRACH resources in active BWP. After unsuccessful recovery from BFR based on CF-PRACH, UE consider BFR failure. This way, no BWP switch is required during BFR procedure. Additionally, this would allow UE to continue monitoring failing CORESETs in active BWP, which is not possible if UE is switched to initial BWP for CB-PRACH resources.

b. Similar approach as in case 1 but extend it to multiple BWPs. After BFD, UE stays in active BWP before beamFailureRecoveryTimer expires. UE uses only CF-PRACH resources for BFR when beamFailureRecoveryTimer is running, and UE can monitor failing CORESETs in this period of time. If no BFR response before beamFailureRecoveryTimer expiry, UE switches to initial BWP for CB-PRACH BFR, and UE does not monitor previous CORESETs (in original active BWP) anymore. Note that the part “UE does not monitor previous CORESETs anymore” align with current agreement in BWP session, where it was agreed that for contention-based PRACH transmission in initial BWP, UE then reside on initial BWP only.
3. No CF-PRACH configuration in active BWP. In this case, UE performs CB-PRACH BFR on active BWP or in initial BWP. If CB-PRACH resources are not available in active BWP, UE does not monitor failing CORESETs in original active BWP.

Based on the above analysis, for clear and simplified UE behaviour, we think that the approaches without involving BWP switch during BFR procedure is preferred.

Proposal 3: When CF-PRACH and CB-PRACH resources are configured in different BWPs, allow only CF-PRACH resources in active BWP. After unsuccessful recovery from BFR based on CF-PRACH, UE consider BFR failure.

Proposal 4: When no CF-PRACH configuration in active BWP, UE performs CB-PRACH BFR on either active BWP or in initial BWP, depending on the whereabouts of CB-PRACH resources. If CB-PRACH resources are not available in active BWP, UE does not monitor failing CORESETs in original active BWP.
5. Contention-based RACH

Agreements (RAN2#100)
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. 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.  
RAN2 reached agreement to use contention-based RACH for beam failure recovery purpose. Similar discussion took place in RAN1 but never reach consensus. From RAN2 perspective, such contention-based PRACH BFR reuses 4-step contention-based RACH procedure. However, from RAN1 perspective, if 4-steop contention-based RACH procedure is used for BFR procedure, as indicated by companies in NR email reflector, at least the following PHY details are missing
· How to determine whether a specific contention-based RACH is for beam failure recovery purpose or not? If BFR purpose is not identified, NW does not know that previous CORESETs do not work, and thus BFR may be triggered again and again since TCI state(s) of failing CORESET(s) is not reconfigured/reactivated.
· Which message is considered as gNB response?

· Should previously configured CORESET(s) be monitored after gNB response reception?

· UE behaviour if contention-based PRACH resources is not in active BWP? Should UE monitor active BWP at the same time?

Proposal 5: RAN1 to check if there is common understanding on the completeness of RAN1 support for CBRA-based BFR. If not, send LS to RAN2 to inform the identified RAN1 impacts for using CBRA-based BFR. 
6. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: adopt the following TP to reflect the removal of RRC:recoveryControlResourceSetId without impacting previous RAN1 agreement.
Proposal 2: If RRC: recoverySearchSpaceId is not configured, UE is not expected to use contention-free PRACH resources provided in beamFailureRecoveryConfig.
Proposal 3: When CF-PRACH and CB-PRACH resources are configured in different BWPs, allow only CF-PRACH resources in active BWP. After unsuccessful recovery from BFR based on CF-PRACH, UE consider BFR failure.
Proposal 4: When no CF-PRACH configuration in active BWP, UE performs CB-PRACH BFR on either active BWP or in initial BWP, depending on the whereabouts of CB-PRACH resources. If CB-PRACH resources are not available in active BWP, UE does not monitor failing CORESETs in original active BWP.
Proposal 5: RAN1 to check if there is common understanding on the completeness of RAN1 support for CBRA-based BFR. If not, send LS to RAN2 to inform the identified RAN1 impacts for using CBRA-based BFR.
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