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Introduction
Evaluation intervals and L1 indication periods for RLM and BFD are completely determined in previous RAN4 meetings. For RLM and BFD, evaluation intervals is jointly determined by four factors: 
1) Periodicity of RLM-RS/BFD-RS (TRLM-RS/TBFD-RS)
2) DRX cycle length (TDRX),
3) Rx beam-sweeping relax factor in FR2 (N),
4) Relax factor due to collision of RLM-RS and MG/SMTC (P).
For example, evaluation period for SSB based RLM is given as follows:
	TS 38.133: 
Table 8.1.2.2-1: Evaluation period TEvaluate_out and TEvaluate_in for FR1
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	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	no DRX
	max(200,ceil(10*P)*TSSB)
	max(100,ceil(5*P)*TSSB)

	DRX cycle≤320
	max(200,ceil(15*P)*max(TDRX,TSSB))
	max(100,ceil(7.5*P)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(10*P)*TDRX
	ceil(5*P)*TDRX

	NOTE:	TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.



Table 8.1.2.2-2: Evaluation period TEvaluate_out and TEvaluate_in for FR2
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	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	no DRX
	max(200,ceil(10*P*N)*TSSB)
	max(100,ceil(5*P*N)*TSSB)

	DRX cycle≤320
	max(200,ceil(15*P*N)*max(TDRX,TSSB))
	max(100,ceil(7.5*P*N)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(10*P*N)*TDRX
	ceil(5*P*N)*TDRX

	NOTE:	TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.






On the other hand, L1 indication periods for RLM or BFD is only determined by TDRX and TSSB/TBFD. Indication for RLM is given as follows:
	TS 38.133: 
When DRX is not used TIndication_interval is max(10ms, TRLM-RS,M), where TRLM,M is the shortest periodicity of all configured RLM-RS resources for the monitored cell, which corresponds to TSSB specified in section 8.1.2 if the RLM-RS resource is SSB, or TCSI-RS specified in section 8.1.3 if the RLM-RS resource is CSI-RS.
· In case DRX is used, TIndication_interval is max(10ms, 1.5*DRX_cycle_length, 1.5*TRLM-RS,M) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms. Upon start of T310 timer as specified in TS 38.331 [2], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the no DRX mode until the expiry or stop of T310 timer.


In this contribution we want to discuss the issue caused by current design of evaluation interval and indication period.
Design of evaluation interval and indication period
Fig.1 is the demonstration of RLM procedure. In the checkpoint of each indication period, layer 1 of UE evaluates the radio link quality on all configured RLM-RSes. To be more specific, for each RLM-RS UE calculates its quality metric based on the samples collected during the last Tevaluate_interval before checkpoint. If the quality metrics of all RLM-RSes are lower than Qout, physical layer indicates an OOS to higher layer. If at least quality metric of one RLM-RS is higher than Qin, physical layer indicates an IS to higher layer.
At higher layer UE use counter N310 and N311 to count the consecutive number of OOS and IS respectively. If N310 exceeds the configured threshold Timer T310 will be started. If N311 exceeds threshold before T310 expires, UE considers that radio link quality is recovered and stop T310, otherwise UE considers that RLF is happened and tries to re-establish the radio link.
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Figure 1. Demonstration of RLM procedure
Fig.2 is the demonstration of BFD procedure. In the checkpoint of each indication period, layer 1 of UE evaluates the beam quality on all configured BFD-RSes. To be more specific, for each BFD-RS UE calculates its quality metric based on the samples collected during the last Tevaluate_interval before checkpoint. If the quality metrics of all RLM-RSes are lower than Qout, physical layer indicates an OOS to higher layer. 
At higher layer UE uses counter BFI_COUNTER to count the consecutive number of OOS. UE will restart timer beamFailureDetectionTimer once a new OOS is received. UE considers beam quality is recovered if beamFailureDetectionTimer expires before BFI_COUNTER exceeds the configured threshold, otherwise UE considers that beam failure is observed and starts the CBD procedure.
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Figure 2. Demonstration of BFD procedure
From the procedure of RLM/BFD one can observe that the length of evaluation period depends on how many samples are needed to obtain an accurate estimation of radio link quality/beam quality. The common understanding of RAN4 is:
· For SSB based RLM, 10 samples and 5 samples are needed for OOS and IS respectively.
· For CSI-RS based RLM, 20 samples and 10 samples are needed for OOS and IS respectively (no requirement is defined if density is not 3).
· For SSB based BFD, 5 samples are needed;
· For CSI-RS based BFD, 10 samples are needed (no requirement is defined if density is not 3);
Besides,
· In FR2, Rx beam sweeping is needed for SSB based RLM/BFD. The samples obtained when UE using Rx directions other than the best direction are useless due the low antenna gain. So evaluation interval should be extended N times to allow UE collects enough sample with best Rx beam. RAN4 takes 8 Rx beams as the baseline, so N=8.
· RLM/BFD occasion loss due to the collision between RLM-RS and MG/SMTC are also needed to be considered. In previous discussion RAN4 reaches the consensus that RLM is not expected to be performed on RLM occasions outside MG (for FR1) or outside MG/SMTC(for FR2). If all RLM occasion outside MG is overlapped with SMTC, intra-frequency and RLM shall share the measurement occasion in a ratio of 2:1. So evaluation interval is needed P times to compensate the loss of RLM occasion. 
On the other hand, there are two reasons for the question why indication period depends on the minimum periodicity among all configured RLM-RS/BFD-RS. One is to reflect the radio link/beam quality changes as quickly as possible. The other is to ensure that at least one new sample can be acquired during each indication period. However, current definition of indication period can’t ensure that at least one new sample can be acquired during each indication period under certain cases. 
· Case 1 (N=1, P>1): This case happens for FR1 SSB based RLM/BFD or CSI-RS based RLM/BFD. Due to the collision of RLM-RS and MG, some RLM occasion are lost (depicted in fig.3). It can be observed that UE can collect only one new sample in every P indication periods. 


Figure.3 demonstration of case 1.
· Case 2 (N=8, P=1): This case happens for FR2 SSB based RLM/BFD. Consider the scenario depicted in fig.4. Although UE collects new sample in each indication period in this case, it is doubtful whether these samples are valid for OOS/IS evaluation. Due to Rx beam sweeping, there is only one sample in every 8 periods is collected by using the best Rx beam hence is the only one sample valid for evaluation. In other words, UE needs N indication periods to collect 1 sample valid for evaluation.
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Figure.4 demonstration of case 2.
· Case 3 (N=8, P>1): This case happens when UE has to perform SSB based RLM/BFD in FR2. Both Rx beam sweeping and collision of SSB and MG/SMTC should be considered. UE collects only 1 valid sample per NP periods in average. 
Observation 1: In average, UE needs NP indication periods to collect 1 valid samples for OOS/IS evaluation.
Issues of the current definition of indication period
The real harm of not collecting valid samples in each indication period is that it enlarges the risk of radio link failure/beam failure. If no new valid samples are collected, UE has to evaluate radio link quality/beam quality by using the samples which are already used in previous evaluation. There is no doubt that same indication will be made in these evaluations since the same samples are used. As a result, if layer 1 indicates OOS or IS in the period during which one valid sample is collected, it will definitely indicates OOS or IS in the following NP-1 periods, i.e. the number of consecutive OOS or IS indications are multiplied by NP. On the other hand, it can also be understood as the configured thresholds for RLM/BFD counters and timers are divided by NP. 
It is important to note that the maximum configurable thresholds for N310/N311/ BFI_COUNTER are only 20/10/10 according to TS 38.331. In the worst case N=8 and P=6 (MGRP is twice the period of SMTC, RLM-RS occasions outside the MG fully overlap with SMTC), which means layer 1 will always indicate 48 consecutive OOSs or 48 consecutive ISs. RLF/beam failure will definitely occur as long as an OOS is indicated regardless of the configured threshold of N310/ BFI_COUNTER. 
Observation 2: Configurable thresholds for RLM/BFD counters and timers are of little use under current definition of L1 indication period since it has little effect on controlling the possibility of RLF/Beam failure.
Observation 3: Risk of radio link failure/beam failure is enlarged under current definition of L1 indication period.
Possible solutions of the issue
There are several possible solutions for this problem:
1. Ensure the conditions of N=1 and P=1 are always met, so the case UE not collecting new valid sample in each indication period no longer exists. So NW shall guarantee that: 1) For FR1, all RLM-RS are non-overlapping with MG; 2) For FR2, RLM/BFD are performed only on CSI-RS, and all CSI-RS resources used for RLM/BFD are non-overlapping with MG/SMTC.
This solution has no impact on specs. However, it limits the implementation of NW.
2. Extending the thresholds for RLM/BFD timers and counters by N and P. When configuring thresholds for BFD/RLM timers and counters, NW shall take N and P into account. For example, if the threshold configured for N310 is 10 when N=1 and P=1, the threshold configured for N310 should be 10NP if N or P is bigger than 1. 
This solution has impacts on RAN2 specs, for example, At least new configurable values for BFD/RLM timers and counters should be added. Furthermore, this change is not backward-compatible. 
3. Introducing new L1 indication type. A new L1 indication type called “No new Sample (NNS)” is introduced. Layer 1 indicates NNS to higher layer if no valid sample is collected in current indication period. When receiving NNS indication, higher layer should pause all running BFD/RLM timers and counters until it receives an OOS/IS indication.
Similar with solution #2, this solution also has impact on specs and are not backward-compatible.
4. Extending the length of L1 indication period. To be more specific, L1 indication period for RLM is changed to:
·  if DRX is not configured;
·  if DRX cycle length is no bigger than 320ms.
·  if DRX cycle length is bigger than 320ms.
Where  is the periodicity of the i-th RLM-RS,  are the N and P for i-th RLM-RS respectively. And L1 indication period for RLM is changed to:
·  if DRX is not configured;
·  if DRX cycle length is no bigger than 320ms.
·  if DRX cycle length is bigger than 320ms.
This solution doesn’t limit the implementation of NW, and its impact on specs are minimum and backward-compatible. We think this is the best way to solve this problem. 
Proposal 1: extend the L1 indication period for RLM as follows:
·  if DRX is not configured;
·  if DRX cycle length is no bigger than 320ms.
·  if DRX cycle length is bigger than 320ms.
Proposal 2: extend the L1 indication period for BFD as follows:
·  if DRX is not configured;
·  if DRX cycle length is no bigger than 320ms.
·  if DRX cycle length is bigger than 320ms.
Conclusion
In this contribution issues on L1 indication period for RLM/BFD are discussed and the following observations and proposals are given. 
Observation 1: In average, UE needs NP indication periods to collect 1 valid samples for OOS/IS evaluation.
Observation 2: Configurable thresholds for RLM/BFD counters and timers are of little use under current definition of L1 indication period since it has little effect on controlling the possibility of RLF/Beam failure.
Observation 3: Risk of radio link failure/beam failure is enlarged under current definition of L1 indication period.
Proposal 1: extend the L1 indication period for RLM as follows:
·  if DRX is not configured;
·  if DRX cycle length is no bigger than 320ms.
·  if DRX cycle length is bigger than 320ms.
Proposal 2: extend the L1 indication period for BFD as follows:
·  if DRX is not configured;
·  if DRX cycle length is no bigger than 320ms.
·  if DRX cycle length is bigger than 320ms.
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