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1.  Introduction 

In this contribution, we provide our view and analysis on selected remaining issues on beam failure recovery.
2.  Functionality of beamFailureRecoveryTimer
Inconsistent understanding on the need for beamFailureRecoveryTimer between RAN1 and RAN2 was identified and was raised for discussion in RAN #79, with the following conclusion being reached [2]:
For beamFailureREcoveryTimer:
· The current agreed specification remains as is: beamFailureRecoveryTimer is not specified until further guidance.
· RAN1 may further discuss in RAN1 whether and how the timer is used in the context of CBRA.  RAN1 should consider the existing RAN2 MAC procedure and if/when agreed in RAN1, inform RAN2 if and how the timer is envisioned to be used and how UE behaves in the case of timer expiry.  
· NOTE: From RAN1 perspective this would not be considered as a new RRC parameter or new feature, if a timer is agreed.
Per RAN2 agreement, contention-based PRACH resources can be used for beam failure recovery request transmission [3]: 

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. 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.  
To our understanding, when contention-based PRACH resources are used, 4-step contention-based PRACH procedure is used for beam failure recovery. In current 38.321 Section 5.1.2, the selection of PRACH resources is captured in a way that UE is allowed not only to switch from contention-free resources to contention-based resources, but also to switch from contention-based resources to contention-free resources. Such dynamic switching between contention-free and contention-based resources is not gainful from performance perspective. Furthermore, if contention-free and contention-based resources are located in different BWPs, such dynamic switching is very undesirable for UE. In our opinion, a fixed event trigger from switching from contention-free PRACH resources to contention-based PRACH resources is enough and can serve the need for adopting contention-based PRACH resources for beam failure recovery. More details and discussions can be found in our RAN2 companion paper [4].

Observation 1: Consider contention-based PRACH resources to be used for BFR in addition to contention-free PRACH resources, dynamic switching between contention-based and contention-free resources for different beam failure recovery request transmission attempts is undesirable.
Observation 2: Providing a fixed event trigger for switching from contention-free PRACH resources to contention-based PRACH resources for beam failure recovery request transmission is beneficial from perspective of UE behavior
To our understanding, based on current RAN1 and RAN2 design on BFR, the beamFailureRecoveryTimer provides at least the following usages:
· Terminate at least contention-free PRACH based BFRQ if a dedicated candidate beam cannot be identified.
· Providing a fixed switching point from contention-free PRACH resources to contention-based PRACH resources.

· Providing tradeoff on the time spent on candidate beam identification and on dedicated BFRQ, i.e., avoiding a fixed but shorter timer for candidate beam identification.

With the above purposes, the expiry of beamFailureRecoveryTimer would start contention-based PRACH BFR. If contention-based PRACH BFR is not supported, the expiry of beamFailureRecoveryTimer would trigger an indication to higher layer, as previous RAN1 agreement [5]. We think the higher layer indication can trigger RLF, since there is no further attempt to recovery failed beam from PHY perspective.
Proposal 1: Notify RAN2 for keeping beamFailureRecoveryTimer, with the following details

· beamFailureRecoveryTimer starts upon beam failure detection

· beamFailureRecoveryTimer stops upon reception of gNB response for beam failure recovery request transmission based on dedicated PRACH resource

· upon beamFailureRecoveryTimer expiry, an indication to higher layer is sent. Based on the indication, higher layer can decide to start contention-based PRACH for beam failure recovery request transmission, or to terminate beam failure recovery procedure
3. Contention-based RACH

Agreements (RAN2#100)
4. 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.    

5. Beam selection is specified in the MAC similar to the HO case
6. 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.

· Which CORESETs should UE monitor after message 4?

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

Proposal 2: Send LS to RAN2 to inform that RAN1 design on beam failure recovery based on 4-step contention-based RACH is not complete. 
4. New beam selection

Agreement (RAN1 NRAH_1801):
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
In current version of 38.213 [1], how a new candidate beam is selected for beam failure recovery request transmission remains TBD. However, it is our understanding that in Vancouver meeting, such mechanism has been captured already. In particular, PHY would provide to higher layer a subset of {beam RS index, L1-RSRP measurements} that satisfies L1-RSRP threshold requirement, upon higher layer request. Higher layer will then perform new candidate beam selection and indicate UE with PRACH resources used for beam failure recovery request transmission.

Up to this step, it is transparent to PHY on which beam RS index is actually selected. However, for UE to perform gNB response monitoring, additional information on the selected beam RS index is required. Since the mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done n MAC, the selected beam RS index is required to be indicated to PHY by MAC as well.
Proposal 3: Upon indicated with PRACH resource used for beam failure recovery request transmission from higher layer, PHY also receives a beam RS index from MAC for subsequent monitoring of gNB response.
5. LS from RAN2 on BFD and RLM RS set

In [6], RAN2 asks clarification on the following issues:

Related to Question 1, RAN1 has discussed and agreed in RAN1#92 meeting that maximum number of BFD RS is 2 per BWP.

Related to Question 2, we think there is no obvious reason to exclude the possibility that BFD and RLM RS resources are completely orthogonal. In our opinion, beam failure recovery deals with a beam level synchronization and requires a shorter reaction time compared to RLM. In this sense, periodic signal used for BFD is beneficial to have a shorter periodicity. Additionally, since RLM monitors control channel quality in cell level, it is sensible that RLM RS resources correspond to a wider beam. On the other hand, BFD RS resource corresponds to specific PDCCH channels. It is possible that a specific PDCCH channel is associated with a narrower beam.

Observation 3: BFD RS and RLM RS resources can be different due to: 1) BFD RS needs shorter periodicity for prompt reaction to beam failure recovery, and 2) BFD RSs can be associated with narrow beams while RLM RSs are likely to be associated with wider beams.
Proposal 4: RS resources for BFD and RLM can be completely orthogonal.
6. Clarification on mis-aligned agreement and spec text
6.1. Mandatory number of configured CORESET per BWP

In current version of UE feature group #3-1 component 1[7], it is mandated that one UE-specific configured CORESET per BWP per cell in addition to CORESET0 is required. However, the decision was made without considering CORESET-BFR for beam failure recovery. For beam failure recovery purpose, a dedicatedly configured CORESET-BFR is required for monitoring gNB response after transmitting beam failure recovery request. To take this into account, the description of UE feature group #3-1 should be revised to exclude CORESET-BFR as well. The proposed revision of the description is shown in Table 1.

Proposal 5: In UE feature group #3-1, revise component 1 description to exclude both CORESET0 and CORESET-BFR 

· “One UE-specific configured CORESET per BWP per cell in addition to CORESET0 and in addition to COREST recoveryControlResourceSetId”

Table 1: Amendment for mandatory number of UE-specific configured CORESET

	#3-1
	Feature group
	Components
	Amendment note

	original
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0
	This is required to support beam failure recovery

	revised
	
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0 and in addition to COREST recoveryControlResourceSetId
	


6.2. Mapping between SearchSpace-BFR and CORESET-BFR

In RAN1#92 meeting, the following agreement was made [8]:

Agreement:
UE expects a dedicated SearchSpace configuration that is one-to-one mapped to CORESET-BFR (RRC parameter CORESET-BFR remains)

To our understanding, the one-to-one meeting indicates that not only CORESET-BFR can be uniquely identified from SearchSpace-BFR configuration, but also the other way around. That is, there is only one SearchSpace configuration which can include CORESET-BFR, and it is SearchSpace-BFR. However, this relationship is not captured neither in 38.331 nor in 38.213. To better reflect the agreement, it is preferred that such one-to-one mapping requirement is captured in both 38.331 and in 38.213 to avoid confusion. From RAN1 perspective, at least PHY spec should reflect the relationship.
Proposal 6: Capture the one-to-one relationship between SearchSpace-BFR and CORESET-BFR.
Text proposal for TS 38.213 Section 6

---- start of text change ----------------

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse Error! Reference source not found., for monitoring PDCCH in the control resource set. The control resource set provided by Beam-failure-Recovery-Response-CORESET is only dedicatedly used by the associated search space provided by search-space-config. 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 Error! Reference source not found.. 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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, the UE monitors PDCCH 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, and . For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index 
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 based on TBD.
---- end of text change ----------------
7. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Observation 1: Consider contention-based PRACH resources to be used for BFR in addition to contention-free PRACH resources, dynamic switching between contention-based and contention-free resources for different beam failure recovery request transmission attempts is undesirable.
Observation 2: Providing a fixed event trigger for switching from contention-free PRACH resources to contention-based PRACH resources for beam failure recovery request transmission is beneficial from perspective of UE behavior
Proposal 1: Notify RAN2 for keeping beamFailureRecoveryTimer, with the following details
Proposal 2: Send LS to RAN2 to inform that RAN1 design on beam failure recovery based on 4-step contention-based RACH is not complete.
Proposal 3: Upon indicated with PRACH resource used for beam failure recovery request transmission from higher layer, PHY also receives a beam RS index from MAC for subsequent monitoring of gNB response.
Observation 3: BFD RS and RLM RS resources can be different due to: 1) BFD RS needs shorter periodicity for prompt reaction to beam failure recovery, and 2) BFD RSs can be associated with narrow beams while RLM RSs are likely to be associated with wider beams.
Proposal 4: RS resources for BFD and RLM can be completely orthogonal.
Proposal 5: In UE feature group #3-1, revise component 1 description to exclude both CORESET0 and CORESET-BFR
Proposal 6: Capture the one-to-one relationship between SearchSpace-BFR and CORESET-BFR.
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Therefore, RAN2 would like to request RAN1 to provide their feedback on two aspects:


Based on the information provided by RAN1 previously, RAN2 understands that up to 8 RLM-RS(s) can be configured for the UE. However, there is no maximum number of BFD RS resources provided yet. 


Question 1: Should the maximum number be applicable per RS resource purpose (i.e. separate maximum number for RLM and for BFD) or should the maximum cover both purposes (i.e. a single maximum number value of RLM+BFD RS(s) )? What is the maximum number of BFD-RS(s) in the first case or the maximum number of sum of BFD and RLM RS(s) in the second case?





RAN2 understanding is that it is up to the network configuration how to configure RLM-RS and BFD-RS resources, i.e. they can overlap entirely (i.e. the same RS resources are used for both purposes), overlap partially (i.e. some of RS(s) configured for RLM and for BFD are the same) or they can be completely orthogonal (i.e. all of the resources configured for RLM are different from the ones configured for BFD). However, RAN2 was not sure whether the last option is possible.


Question 2: Can the RS resources for BFD and RLM be completely orthogonal?
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