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Introduction
This contribution presents a TP to clarify antenna port configuration for CSI-RS in RLM and our views on aperiodic IS/OOS. 

Clarification on antenna port configuration for CSI-RS
RAN1 agreed that two-port CSI-RS configuration is not supported for RLM. As a result, only single port CSI-RS configuration is supported, which should be clearly captured in TS 38.213.
Proposal 1: RAN1 adopts the following TP in Section 5 of TS 38.213
-------------------------- Beginning of TP in Section 5 of TS 38.213 -------------------------
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, CDM-pattern, Pc, and Pc_SS in the CSI-RS configuration are not applicable. A two port CSI-RS configuration is not applicable for Only single port CSI-RS configuration is supported for RLM. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. 
-------------------------- Ending of TP in Section 5 of TS 38.213 -------------------------

RLF, RLM and Beam failure recovery procedures
In RAN1#89, it has been agreed that L1 provides at least periodic IS/OOS indication and to study the possibility of additional aperiodic IS indication, e.g., based on beam failure recovery mechanism. Further in RAN1#AH, it has been agreed that ‘NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures’. We will highlight the need for aperiodic out-of-sync and aperiodic in-sync indications based on the outcome of beam failure recovery procedure.
Aperiodic IS based on the success of beam recovery procedure
In multi-beam operation, network configures a UE to monitor multiple RS resource(s) for RLM and beam failure recovery procedures. For RLM, the UE monitors the configured resources and sends periodic IS and OOS to the upper layers. In particular, for periodic IS indication, a UE measures all configured X RLM-RS resource(s) over a time window and derives link quality metric for the configured resources. If at least Y RLM-RS resource(s) are above the Q_in threshold then L1 sends a periodic IS indication to upper layers. 
The following are the drawbacks of periodic IS that may unnecessarily result in RLF:
1. For periodic IS indication, the averaging of link quality metric may occur over a certain time period (E.g., 100 ms). During this period, the channel quality of one or more RS resource(s) (RLM or BFR) may improve. However, this may not get reflected quickly (due to averaging) in the link quality metric used for periodic IS indication. Therefore, the additional delay for the link quality metric to rise above the Q_in threshold may unnecessarily result in the expiry of T310 causing RLF. This issue can be avoided by allowing the UE to use the success of beam failure recovery procedure to either stop the RLF timer.

2. In RAN#90, it was agreed that ‘NR supports to configure X RLM-RS resource(s)’. Now suppose that a beam failure event occurs and the candidate beam used to send beam failure recovery request is not part of the X RLM-RS resource(s). In such a scenario, the NW needs to send additional signaling to update the X RLM-RS resources. This will add additional delay to monitor the newly added RLM-RS resource(s) and to send periodic RLM IS indication. For e.g., if the RLM averaging window is 100 ms then the delay incurred to send an IS indication is: signaling delay + 100 ms. This issue can be avoided by allowing the UE to use the success of beam failure recovery procedure to stop or pause the RLF timer. This issue is illustrated in Figure 1.




[bookmark: _Ref492894771]Figure 1: RLF declared when the NW configured X RLM RS resource(s) does not contain the candidate beam set used for the transmission of beam failure recovery request.
On the other hand, an aperiodic IS indication based on the success of beam failure recovery procedure can stop the T310 timer and thereby preventing a RLF. A solution is illustrated in Figure 2.


[bookmark: _Ref492894836]Figure 2: RLF is prevented when aperiodic IS based on success of beam failure recovery procedure is used to stop RLF timer.
Considering the above advantages, we propose the following:
Proposal 2: NR shall support aperiodic IS indication based on failure of beam failure recovery procedure to assist radio link failure procedure.

Aperiodic OOS based on failure of beam recovery procedure
In multi-beam operation, a UE detects failure of active PDCCH beam by monitoring a DL RS QCLed with PDCCH. When this occurs, network cannot reach the UE. UE selects a beam from the candidate set to transmit beam failure recovery request to the gNB. If a response is not received then UE retransmits for a certain duration or up to a maximum number of attempts following which it will send an indication to upper layers. On the other hand, if UE receives a response then NW and UE may use the newly identified beam for subsequent transmissions. 
Observation 1: Beam failure detection event itself does not send a notification to the upper layers.
Observation 2: An aperiodic indication from L1/MAC to the upper layers is sent when beam failure recovery procedure fails.
In essence, beam failure recovery procedure: (1) performs recovery of active PDCCH beam when a failure is detected; (2) and ensures both DL and UL are functional as it involves message exchanges on DL and UL between UE and gNB.  
While RLM based periodic IS/OOS captures DL quality of multiple beams of the serving cell it may not be sufficient for RLF operation for following reasons:
1. [bookmark: _Hlk490571193]The beams configured for RLM purposes may be different from the beam failure RS/candidate beams for beam failure recovery procedure, i.e., the beam shape, gains and granularity (pointing angles) for the reference signals configured for RLM and beam failure recovery procedures may be different even if same RS-type is used (e.g., CSI-RS). 
Example: RLM may monitor reference signals that are QCLed with PDCCH C-SS while beam recovery procedure may monitor reference signals that are QCLed with PDCCH U-SS. The type of reference signals/beamforming gains may result in mismatch in coverage. 
Observation 3: Even when a single RS type is configured for RLM and beam failure recovery procedure (e.g., CSI-RS), NW can still use different beam shapes/beam gain/beam pointing granularity for RLM and beam failure recovery procedure.
Drawbacks of using IS/OOS based on RLM only: 
· In the above example, if PDCCH U-SS performance is good while PDCCH C-SS is poor then RLM may send OOS indications to upper layers. This may unnecessarily trigger RLF. 
· If the PDCCH U-SS performance degrades quickly and there are no suitable beams in the candidate beam set then UE may wait until N-310 consecutive OOS indications to start the T-310 timer. This may unnecessarily delay the RLF.  
Performance evaluation:
We provide performance results to illustrate the need for aperiodic OOS indication to the RLF procedure. The simulation configuration is summarized in Table 3 for a 30 GHz system. For evaluation, we use the SNR variation profile used for out-of-sync test for the radio link monitoring test scenario ‘E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync’ [4] . The SNR profile is shown in Figure 1. The RLF parameters are captured in Table 1. 
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[bookmark: _Ref490137176]Figure 3: SNR variation for out-of-sync testing

	[bookmark: _Hlk490144840]Parameter
	Example set 1
	Example set 2

	T310 timer (ms)
	2000
	1000

	N310 
	20
	1

	N 311
	1
	1


[bookmark: _Ref490144467]Table 1: RLF parameters
We consider RS type 1 and RS type 2. As noted in in Observation 3 the two RS types belong to the same reference signal and have same beam shape but differ in the beam pointing granularity. RLM uses RS type 1 for IS and OOS indications while beam failure recovery procedure uses RS type 2. In addition, the beam failure recovery procedure uses a timer that allows the UE to recovery the beam for the timer duration (BFR timer). We evaluate the performance for different BFR timer values. 
Figure 2 illustrates the CDF of time to RLF (ms) for different strategies and parameter settings. Table 2 illustrates the lower tail, median and average time to RLF (ms). We observe that using the aperiodic indication sent from beam failure recovery procedure can significantly reduce time to RLF. The percentage reduction in time to RLF due to aperiodic indication compared to Example set 1 is shown below. The benefits of which are:
· Shorter interruption of service for the UE as UE may find a suitable cell.
· Improved battery efficiency when UE is in C-DRX mode. 

[image: image002]
[bookmark: _Ref490570816]Figure 4: CDF of time to RLF (ms) for different strategies and parameter settings.



	Time to RLF (ms)
	10%
	50%
	Average
	Percent reduction in time to RLF

	RLF based on RLM only 
	Example set 1
	2230
	2320
	2315
	baseline

	
	Example set 2
	1125
	1215
	1207
	-

	RLF based on RLM (Example set 1) and BFR
	BFR timer = 500ms
	75
	325
	302
	86.9%

	
	BFR timer = 1000ms
	520
	635
	669
	71.1%

	
	BFR timer = 1500ms
	960
	1075
	1081
	53.3%


[bookmark: _Ref490147962]Table 2: Time to RLF(ms) for: a) RLF based on RLM and RLF based on RLM and beam failure recovery procedure

2. Monitoring DL quality of beam(s) (e.g., RLM) does not provide indication of UL issues. 

With RLM based IS/OOS indications UE determines if the network can reach on the DL beam(s) only. However, consider scenarios where UL and DL beams are decoupled, for e.g., beam correspondence issues or signal blockage on the UL. Such issues cannot be determined by monitoring just the DL beam(s) quality. In such a scenario, RLM itself is not sufficient, and beam failure recovery procedure captures quality on both UL and DL directions.        

Due to the above reasons RLF procedure needs to take inputs from both RLM and beam failure recovery procedures regardless whether same RS or different RS types are configured for RLM and beam failure recovery procedure. The radio link failure procedure may expire the T310 timer upon reception of an aperiodic OOS indication based on beam failure recovery procedure. 
Proposal 3: NR shall support aperiodic OOS indication based on failure of beam failure recovery procedure to assist radio link failure procedure.
Conclusions
This contribution has provided our view on remaining details of radio link monitoring. The following observations and proposals have been made:
Observation 1: Beam failure detection event itself does not send a notification to the upper layers.
Observation 2: An aperiodic indication from L1/MAC to the upper layers is sent when beam failure recovery procedure fails.
Observation 3: Even when a single RS type is configured for RLM and beam failure recovery procedure (e.g., CSI-RS), NW can still use different beam shapes/beam gain/beam pointing granularity for RLM and beam failure recovery procedure.

Proposal 1: RAN1 adopts the following TP in Section 5 of TS 38.213
-------------------------- Beginning of TP in Section 5 of TS 38.213 -------------------------
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, CDM-pattern, Pc, and Pc_SS in the CSI-RS configuration are not applicable. A two port CSI-RS configuration is not applicable for Only single port CSI-RS configuration is supported for RLM. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. 
-------------------------- Ending of TP in Section 5 of TS 38.213 -------------------------
Proposal 2: NR shall support aperiodic IS indication based on failure of beam failure recovery procedure to assist radio link failure procedure.
Proposal 3: NR shall support aperiodic OOS indication based on failure of beam failure recovery procedure to assist radio link failure procedure.
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