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Introduction
[bookmark: _Hlk513205245]RAN4 has been discussing the RRM requirements for BFR procedure. In RAN4#86bis WF [1] is agreed and following are for BFR.
	· FFS to clarify the definition of beam failure and whether to introduce the beam failure detection requirements in RAN4.
· Companies are encouraged to investigate:
· Evaluation period for beam link failure detection with/without DRX
· SSB-based and CSI-RS based and CSI-RS+SSB based
· Whether it is feasible to reuse RLM out-of-synch framework or new sets of parameter values are needed
· PDCCH configuration parameters
· UE is not assumed to perform BFR outside its active DL BWP
· FFS whether and how to define the new beam identification requirements.


[bookmark: _Hlk513205847]In this paper, we will provide our views on RRM requirements for BFR. 
Discussion
[bookmark: _Hlk513733380]Link reconfiguration is also known as beam failure recovery (BFR), and is part of beam management framework for NR. The procedure is detailed in section 6 of 38.213 and section 5.17 of 38.321. Basically, it requires UE to detect the radio failure of current set of beams (BFD, which is similar as that for RLM) and report a new beam from a candidate set of beams (the selection of new beam is based on RSRP threshold). 
In our understanding, BFR is mandatory for UE for PCell and PSCell, and there is no UE capability to indicate the network which UE can be configured with this procedure and which cannot. Moreover, the beam failure detection part needs to be done by the UE even network does not provide the explicit RSs as agreed by RAN2 [2]. Therefore, RRM requirements for BFR should be defined in RAN4.
	Agreements

1	Introduce one list of RSs and indicate for each whether it is used for beam- and/or cell-RLM. 

1a	If no RSs are provided for Beam-Monitoring, the UE performs Beam-Monitoring based on the TCI-State for PDCCH (as agreed by RAN1)

2	If no RSs are provided in this list at all (neither for Cell- nor for Beam-RLM), the UE performs Cell-RLM based on TCI-State of PDCCH


For SCell, RAN1 agreed that UE is not mandated to support BFR on SCell, so RRM requirements for BFR should apply for SCell only if UE can support BFR on SCell. 
	It is noted that BFR is already supported for PCell and PSCell, therefore the remaining question is whether BFR can be supported for SCell as well. An email discussion was conducted in RAN1 and the summary is provided in [1]. After further discussion, it is agreed that beam failure recovery is additionally supported on SCell in Rel.15. The number of SCells BFR needs to be supported on is 1. UE is not mandated to support BFR on SCell. Note that there is no additional RAN1 specification impact for BFR on SCell.


Another reason to define RRM requirements for BFR is that BFR is essential in beam based operation. Without it, UE will trigger RLF even if some other beams than the current set of beams in the serving cell can still serve the UE with good performance, or the UE has to support a large number of beams for the current set of beams. In RAN4#86bis, there were questions regarding whether RRM requirements for this procedure are needed. If no requirement is defined, UE may completely skip the BFR, so when the current set of beams becomes un-usable, UE could do nothing but just wait for T310 to expire and then trigger RLF. Instead, if requirements are defined, UE would be required to perform recovery, and L2 will trigger the RACH to report the new usable beams to the network, and this is much more efficient than the case without BFR.
Based on above analysis, RRM requirements should be defined for BFR. In addition, the requirements are needed for both FR1 and FR2 as beam based operation is possible in both FRs. Also, the requirements are needed for both SSB and CSI-RS as both may be configured for the current and candidate sets. 
[bookmark: _Ref513814846]RAN4 to define RRM requirements for BFR, for both FR1 and FR2, and for both SSB based and CSI-RS based. The requirements are mandatory for PCell/PSCell and optional for SCell.
Next, we will analyze the procedure in detail and discuss what requirements should be defined. The BFR procedure consists of two sub-procedures: BFD and beam recovery.
	



A UE can be configured, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects single port RS in the set . 
The thresholds Qout,LR and Qin,LR correspond to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold and candidateBeamThreshold, respectively. 


The physical layer in the UE assesses the radio link quality according to the set  of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set , the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer parameter powerControlOffsetSS. 


The physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  that the UE uses to assess the radio link quality and 2 msec. 

Upon request from higher layers, the UE provides to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set  and the corresponding L1-RSRP measurements that are larger than or equal to the corresponding thresholds. 


BFD is very similar to RLM in that UE monitors the radio link quality on a set of RSes by comparing with a threshold corresponding to hypothetical PDCCH BLER. Also L1 of UE indicates the beam failure instance periodically to higher layers based on the evaluation outcome on all RSes. The difference is that there is no counter-part of in-sync detection in BFD. 
In our view, it is straightforward to define RRM requirements for BFD by re-using RLM out-of-sync requirements. 
· Evaluation period: In RAN4#86bis, some companies mentioned the possibility to have shorter evaluation period for BF than for RLM. It is of course desirable, but in terms of UE measurement behavior BFD is same as RLM, and the SINR condition and the required measurement accuracy are also same as RLM, so we don’t see how UE could achieve a shorter evaluation period for BFD.
· Hypothetical PDCCH parameters: hypothetical PDCCH parameters for RLM are discussed in RAN4#86bis based on simulation results on NR PDCCH performances, and one of the criteria in deciding the parameter values is to ensure reasonable cell coverage (Qout level). Here we do not see any reason why BFD should be triggered at a different SINR level than RLF.
· L1 indication interval: for both RLM and BFD, RAN1 agrees that L1 indication of “failure” is based on the event where link quality in all RSes are below Qout threshold, and the indication interval is both based on the smallest period of all RSes. There is a difference that for RLM the lower bound is 10ms while for BFD 2ms. 
· Number of RSes: the number RSes UE shall monitor for RLM and BFD is different as agreed in [4]. This should be clearly captured in RAN4 spec.
	The maximum number of BFD-RS(s) is 2 per BWP. 
The maximum number of RLM-RS(s) and BFD-RS(s) should depend on whether same RS(s) is shared between RLM and BFD. The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) are:
· 2 RS(s) per BWP for below 3 GHz,
· 6 RS(s) per BWP for above 3 GHz and below 6 GHz,
· 8 RS(s) per BWP for above 6 GHz,
· where the above values {2,6,8} are currently a working assumption in RAN1,
· and the maximum number of BFD-RS(s) is 2 RSs per BWP and maximum number of RLM-RS(s) is 2 RSs per BWP for below 3 GHz, 4 RSs per BWP for above 3 GHz and below 6 GHz, 8 RSs per BWP for above 6 GHz. 
Please note that support of 8 RLM-RSs and 2 BFD-RS for above 6 GHz is feasible if the 2 BFD-RS are a subset of 8 RLM-RSs.


[bookmark: _Ref513814848]RRM requirements for BFD are defined by re-using the same requirements for out-of-sync detection in RLM, with the exceptions on 1) lower bound of L1 indication interval and 2) number of RSes UE shall monitor.
For beam recovery UE monitor the L1-RSRP on RSes indicated in candidateBeamRSList. There two RSRP measurement requirements under ongoing discussion in RAN4
· L1-RSRP measurement for beam management: 
· L3 RSRP for mobility
So far, RAN4 has not concluded on what kind of requirements are defined for L1-RSRP for beam management, so it is hard to say at this stage whether the requirements for beam management can be re-used for beam recovery or not. There are proposals from some companies that L1-RSRP for beam management could be based on one-shot, and since the reporting is periodical, there would be no delay requirement (like we do not have delay requirement for CQI).
If that’s the case, we may need to define separate requirements for L1-RSRP measurement for beam recovery, which is more like mobility measurement. We see a need to define both delay and accuracy requirements so that UE can timely report the selected RSes once requested by higher layer, and the report RSes and the associated L1-RSRP can be stable enough based on certain averaging. RAN4 can further check if current L3 RSRP measurement requirements can be re-used.
[bookmark: _Ref513814849]Both delay and accuracy requirements for L1-RSRP measurement for beam recovery should be defined in RAN4. 
Conclusion
In this paper, we provided our views on RRM requirements for BFR.
Proposal 1: RAN4 to define RRM requirements for BFR, for both FR1 and FR2, and for both SSB based and CSI-RS based. The requirements are mandatory for PCell/PSCell and optional for SCell.
Proposal 2: RRM requirements for BFD are defined by re-using the same requirements for out-of-sync detection in RLM, with the exceptions on 1) lower bound of L1 indication interval and 2) number of RSes UE shall monitor.
Proposal 3: Both delay and accuracy requirements for L1-RSRP measurement for beam recovery should be defined in RAN4.
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