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1. Introduction

This paper will provide the discussion on the feasibility of RLM/BFD relaxation in DRX mode and investigate the potential relaxation criteria.
2. Discussion
2.1. RRM measurement behaviour for RLM/BFD relaxation evaluation
The objective of power saving enhancement WI for RAN4 part is to study the feasibility and the performance impact of relaxing RLM/BFD measurement. For purpose of feasibility study, the simulation works are needed in RAN4 to identify the benefit scenarios with obvious power saving gains. The UE performs RLM/BFD measurements on the serving cell. Besides, the UE also needs to perform RRM measurements on the serving cell for mobility purpose. Hence, the UE behavior of RRM measurements also shall be involved for evaluating the feasibility of relaxing RLM/BFD measurements.
In TS38.133, the existing measurement requirements are developed based the assumption that a certain number of measurement samples are available for measurements during one measurement/evaluation period. 
For SSB based RLM, the existing evaluation period requirements in Rel-15 are defined as below.
Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P) ( TSSB)
	Max(100, Ceil(5 ( P) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(1.5 ( 10 ( P) ( Max(TDRX,TSSB))
	Max(100, Ceil(1.5 ( 5 ( P) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P) ( TDRX
	Ceil(5 ( P) ( TDRX

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


For SSB based BFD, the existing evaluation period requirements in Rel-15 are defined as below.
Table 8.5.2.2-1: Evaluation period TEvaluate_BFD_SSB for FR1

	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5 ( P) ( TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5 ( 5 ( P) ( Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5 ( P) ( TDRX

	Note:
TSSB is the periodicity of SSB in the set [image: image1.wmf]0

q

. TDRX is the DRX cycle length.


For intra-frequency measurements, the existing measurement period requirements in Rel-15 are defined as below.
Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps(FR1)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


It can be observed that the measurement/period is calculated by (Sample Number x Sampling Interval x Scaling Factor). The existing scaling factor is defined based on whether overlapping with measurement gaps. In DRX mode, when sampling interval is extended due to longer DRX cycle or longer SMTC period, the measurement period shall be increased accordingly. The assumed measurement sample number is developed based on plenty of simulation results from most companies in considering of different channel models with different Doppler shifts for each SSB SCS case. The assumed measurement sample number in R15 is 10 for SSB based RLM measurements, 5 for SSB based BFD measurements and 5 for intra-frequency RRM measurements, which are required to guarantee the system and measurement performance in all the scenarios. If the assumed measurement sample number in R15 is reduced in R17, the system and measurement performance could not be guaranteed to be same as in R15. If the assumption that measurement samples used within measurement period depend on UE implementation, then it would mean that the R15 baseline for comparison also depend on UE implementation, which would be non-useful for companies to align the simulation results. Hence, for both RLM/BFD measurements and RRM measurements, the assumed measurement sample number in R15 needs to be kept when evaluating RLM/BFD relaxation.
Observation 1: If the assumed measurement sample number in R15 was reduced in R17, the system and the measurement performance could not be guaranteed to be same as in R15.
Proposal 1: In relaxing RLM/BFD evaluation, the measurement sample numbers for both RLM/BFD measurements and RRM measurements need to be kept as same as Rel-15 assumptions.
RRM measurement relaxation or RRM measurement enhancement is out of the scope of power saving enhancement WI. According to the agreements, no impact on RRM measurement procedure requirement and measurement accuracy requirements is expected. The measurement sample number and measurement interval for RRM measurements need to be same as Rel-15 assumption when evaluating RLM/BFD relaxation.
Proposal 2: In relaxing RLM/BFD evaluation, the measurement sample number and measurement interval for RRM measurements need to be kept as same as Rel-15 assumptions.
2.2. Feasibility of RLM/BFD relaxation
The purpose of introducing RLM/BFD relaxation is for power saving. However, RAN4 need to identify the scenarios where the power saving gain can be obtained due to RLM/BFD relaxation. In order to identify the beneficial scenario, simulation work are needed. In [1], the simulation results of relaxed RLM/BFD evaluation in FR1 are provided.
For SSB based RLM/BFD, it can be observed that there is no power saving gain for RLM/BFD relaxation. The SSB resource configured for RLM/BFD is always assumed to be overlapped with SMTC window. For SMTC based intra-frequency measurements, the UE needs to process all the received signals within SMTC window for cell search and measurements on the identified cells. Obviously the identified cells include the serving cell. Even the UE drops RLM/BFD measurements on one SSB resource of serving cell, the UE still would perform RRM measurements on this SSB resource. Hence, there is no power saving gain due to RLM/BFD relaxation.
Observation 2: For SSB based RLM/BFD in FR1, there is no power saving benefit due to relaxed RLM/BFD measurements.
Proposal 3: It is suggested not to perform SSB based RLM/BFD relaxation in FR1.

For CSI-RS based RLM/BFD, when CSI-RS resource configured for RLM/BFD is within SMTC window, it is the same situation as that for SSB based RLM/BFD. No power saving gain could be observed due to RLM/BFD relaxation. 
Proposal 4: It is suggested not to perform CSI-RS based RLM/BFD relaxation in FR1 when CSI-RS resource configured for RLM/BFD is within SMTC window.

The simulation results of CSI-RS based RLM/BFD when CSI-RS resource configured for RLM/BFD is outside SMTC window are also provided in [1]. The two cases of CSI-RS inside onDuration and CSI-RS outside onDuration are evaluated for different traffic models. For the cases of CSI-RS configured inside onDuration and without WUS configuration, the power saving gain due to RLM/BFD relaxation is quite limited. For the case of CSI-RS outside onDuration or using WUS, the power saving gain due to RLM/BFD relaxation can be observed (4%~7%) for a UE with light traffic model.
Observation 3: For CSI-RS based RLM/BFD in FR1, the power saving benefit due to relaxed RLM/BFD measurements is quite limited when CSI-RS is within DRX onDuration time and WUS is not used.
Observation 4: For CSI-RS based RLM/BFD in FR1, the power saving benefit due to relaxed RLM/BFD measurements is observed (4%~7%) for a UE with light traffic when CSI-RS is outside DRX onDuration time or WUS is used.
Proposal 5: It is suggested not to perform CSI-RS based RLM/BFD relaxation in FR1 when the CSI-RS resource configured for RLM/BFD is within DRX onDuration time and WUS is used.

Based on the above observations, it can be obtained that RLM/BFD relaxation in FR1 has no power saving benefit in most scenarios. For the observed beneficial scenario, i.e. CSI-RS is outside both SMTC window and onDuration time, this CSI-RS configuration is also not a typical configuration and will cause additional power consumption since UE needs to wake up outside onDuration time for performing RLM/BFD measurements. For the traffic model of FTP3 with 200ms mean inter-arrival time, 40ms DRX cycle is much shorter than 200ms mean packet arrival time, and the typical DRX configuration would be 160ms. The power saving benefit can be achieved by a better network configuration instead of RLM/BFD relaxation, e.g. configuring CSI-RS within onDuration time or reasonable DRX configuration.
Proposal 6: RAN4 needs to study whether the beneficial scenario is a reasonable case for network configuration.

When a RS resource is configured for both RLM/BFD measurement and L1-RSRP measurements in FR1, then the UE still would perform L1-RSRP measurements on this CSI-RS resource even when the UE drops RLM/BFD measurements. For this case, the power consumption of CSI-RS processing is still needed. So, there is no power saving gain for RLM/BFD relaxation.

Proposal 7: It is suggested not to perform RLM/BFD relaxation in FR1 when the RS resource for RLM/BFD is also configured for L1-RSRP measurements.

In FR2, the UE needs to perform UE beam sweeping for SSB based RLM/BFD measurements. Due to beam sweeping, there also has scheduling restrictions for SSB based RLM/BFD. Since UE is expected to perform PDCCH monitoring, the SSB resource configured for RLM/BFD can be assumed to be configured outside onDuration time. Since UE is not expected to perform RLM/BFD measurements and intra-frequency measurements simultaneously, a sharing factor P is applied for RLM/BFD measurements when the RS resource configured for RLM/BFD is overlapped SMTC window.
For SSB based RLM/BFD in FR2, the value of beam sweeping factor N is defined as 8. For the case of 40ms DRX cycle, even the UE is assumed to perform RLM measurement every DRX cycle, RLM evaluation period would be equal to 3.2s and BFD evaluation period would be equal to 1.6s. Since SSB is always overlapped with SMTC window, the value of sharing factor P would be larger than 1. RLM evaluation period would be always longer than 3.2s, and BFD evaluation period would be always longer than 1.6s. The relaxed RLM evaluation period with X=2/3/4/8 would be always longer than 6.4s/9.6s/12.8s/25.6s respectively. The relaxed BFD evaluation period with X=2/3/4/8 would be always longer than 3.2s/6.4s/9.6s/12.8s respectively. A longer RLM/BFD evaluation period will increase the RLF/BF triggering latency. An extreme long RLM/BFD evaluation period will not be expected for a UE in FR2.
Proposal 8: Due to UE beam sweeping, it is suggested not to perform SSB based RLM/BFD relaxation in FR2.

In FR2, the UE is not expected to perform UE beam sweeping on CSI-RS resource for RLM/BFD measurements. The benefit scenario for CSI-RS based RLM/BFD relaxation in FR2 is similar as that in FR1, i.e. CSI-RS is outside both SMTC window and onDuration time. Similarly, RAN4 needs to study whether the beneficial scenario is a reasonable case for network configuration.
2.3. Relaxation criteria 
RAN4 shall investigate the RLM/BFD relaxation criteria without degrading mobility performance. Based on the previous discussion, it was agreed to take UE mobility state and serving cell quality into account as the relaxation criteria.
The simulation results of delta SINR between legacy RLM/BFD and relaxed RLM/BFD measurements are provided in [1]. For low mobility scenario (UE speed = 3km/h), 90% (5th% ~ 95th%) Delta-SINR values can be within ±3dB for scaling factor X<=4, and 98% (1st% ~ 99th%) Delta-SINR values can be within ±7.5dB for scaling factor X<=4. For medium mobility scenario (UE speed = 30km/h), 90% Delta-SINR values can be within ±15.5dB for scaling factor X<=4, and 98% Delta-SINR values can be within ±35dB for scaling factor X<=4. 
When serving cell quality is getting worse, due to a longer previous evaluation period, the measured SINR for relaxed RLM/BFD measurement is overestimated. The UE usually triggers radio link failure or beam failure indication when the link quality is getting worse. Hence, the extended RLM/BFD evaluation period will cause RLF/BFI triggering latency. The RLF/BF triggering latency is increased with a longer relaxed RLM evaluation period length. For purpose of no impact on RLF/BFI triggering latency, the UE is not expected to perform relaxed RLM/BFD measurements when the serving cell quality is not quite good.
Then, the relaxed RLM/BFD measurements are allowed for a low mobility UE with a good serving quality. The 
Proposal 9: The RLM/BFD relaxation criteria needs to combine both serving cell quality and UE mobility state.
· Entering conditions: both good serving cell quality and low UE mobility are satisfied.

· Leaving conditions: either good serving cell quality or low UE mobility is not satisfied
For RLM, the UE is required to perform SSB/CSI-RS based RLM measurements on PCell and/or PSCell. For NR-DC mode, PCell and PSCell are on different bands. For EN-DC mode, the UE is required to perform SSB/CSI-RS based RLM measurements on PSCell. For NE-DC and NR SA mode, the UE is required to perform SSB/CSI-RS based RLM measurements on PCell. Hence, it would not occur that UE needs to perform SSB/CSI-RS based RLM measurements on more than one serving cells in the same band.
For BFD, the UE is required to perform SSB based BFD measurements on PCell or PSCell. Similarly, the UE would not need to perform SSB based BFD measurements on more than one serving cells in the same band. In Rel-16, the UE shall be able to perform CSI-RS based BFD measurements on PCell, PSCell or SCell. According to TS38.133, the UE is not expected to perform BFD measurements on more than 1 serving cell per band. Hence, it would not occur that UE needs to perform SSB/CSI-RS based BFD measurements on more than one serving cells in the same band.
Observation 5: The UE is not required to perform SSB/CSI-RS based RLM measurements on more than one serving cells in the same bands.
Observation 6: The UE is not required to perform SSB/CSI-RS based BFD measurements on more than one serving cells in the same bands.
3. Conclusions
This contribution provides the analysis on the potential RLM/BFD relaxation schemes. The followings are provided:
Observation 1: If the assumed measurement sample number in R15 was reduced in R17, the system and the measurement performance could not be guaranteed to be same as in R15.
Proposal 1: In relaxing RLM/BFD evaluation, the measurement sample numbers for both RLM/BFD measurements and RRM measurements need to be kept as same as Rel-15 assumptions.
Proposal 2: In relaxing RLM/BFD evaluation, the measurement sample number and measurement interval for RRM measurements need to be kept as same as Rel-15 assumptions.
Observation 2: For SSB based RLM/BFD in FR1, there is no power saving benefit due to relaxed RLM/BFD measurements.
Proposal 3: It is suggested not to perform SSB based RLM/BFD relaxation in FR1.

Proposal 4: It is suggested not to perform CSI-RS based RLM/BFD relaxation in FR1 when CSI-RS resource configured for RLM/BFD is within SMTC window.

Observation 3: For CSI-RS based RLM/BFD in FR1, the power saving benefit due to relaxed RLM/BFD measurements is quite limited when CSI-RS is within DRX onDuration time and WUS is not used.
Observation 4: For CSI-RS based RLM/BFD in FR1, the power saving benefit due to relaxed RLM/BFD measurements is observed (4%~7%) for a UE with light traffic when CSI-RS is outside DRX onDuration time or WUS is used.
Proposal 5: It is suggested not to perform CSI-RS based RLM/BFD relaxation in FR1 when the CSI-RS resource configured for RLM/BFD is within DRX onDuration time and WUS is used.

Proposal 6: RAN4 needs to study whether the beneficial scenario is a reasonable case for network configuration.

Proposal 7: It is suggested not to perform RLM/BFD relaxation in FR1 when the RS resource for RLM/BFD is also configured for L1-RSRP measurements.

Proposal 8: Due to UE beam sweeping, it is suggested not to perform SSB based RLM/BFD relaxation in FR2.

Proposal 9: The RLM/BFD relaxation criteria needs to combine both serving cell quality and UE mobility state.
· Entering conditions: both good serving cell quality and low UE mobility are satisfied.

· Leaving conditions: either good serving cell quality or low UE mobility is not satisfied
Observation 5: The UE is not required to perform SSB/CSI-RS based RLM measurements on more than one serving cells in the same bands.
Observation 6: The UE is not required to perform SSB/CSI-RS based BFD measurements on more than one serving cells in the same bands.
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