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Introduction
In RAN4#98-e meeting, discussion about UE power saving enhancements continued and the agreements were captured in a way forward in [1]. Additionally, evaluation assumptions for power saving and system level simulations were updated in [2]. In this contribution we show simulation results based on the evaluation assumptions in [2] for RLM and BFD measurement relaxation. We also show analysis for RLM, BFD and RRM measurement relaxation as a comparison and for information purposes only, taking into account the latest plenary agreement about RRM measurement requirement changes being out of the scope of the WI.

[bookmark: _Hlk67924648]Simulation results for RLM + BFD relaxation
[bookmark: _Hlk67924664]Power saving gain simulations
[bookmark: _Hlk67924675]Evaluation assumptions for FR1 and FR2
The simulations in this section are done applying the parameters and assumptions agreed in [2] for the following traffic models adopted in this evaluation:
· Traffic Option 1a: FTP3 200ms IAT 
· Traffic Option 1b: FTP3 50ms IAT 
· Traffic Option 2:   VoIP
· Note: Differently from [2], we used DRX Inactivity timer = 10 ms for VoIP as per TR 38.840.
Additional parameters and assumption that are not provided in [2] are given in Table 1.
[bookmark: _Ref68036031]Table 1: Additional simulation parameters in addition to [2].
	
Measurement 
	Parameter
	Values

	
	
	FR1
	FR2

	RLM
	Measurement type

	SSB based

	SSB based

	
	Measurement duration

	1 slot
	4 slots

	
	# of monitored resources

	2 SSB beams monitored
	8 SSB beams monitored

	
	Rel-15/Rel-16 evaluation period requirement and 
Rel-17 relaxation factor K
(DRX cycle≤320ms)
	1.5 * K * Max(TDRX,TSSB),

where 
· K = [2, 3, 4, 8]
· TDRX = 40 ms
· TSSB = 20 ms

	1.5 * K * P * N * Max(TDRX,TSSB),

where 
· K = [2, 3, 4, 8]
· P = 3 
· N = 8
· TDRX = 40 ms
· TSSB = 20 ms

	

BFD
	Measurement type
	SSB based

	SSB based

	
	Measurement duration

	1 slot 
	1 slot

	
	# of monitored resources

	1 SSB beam monitored
	2 SSB beams monitored

	
	Rel-15/Rel-16 evaluation period requirement and Rel-17 relaxation factor K
(DRX cycle≤320ms) 
	1.5 * K * Max(TDRX,TSSB),

where 
· K = [2, 3, 4, 8]
· TDRX = 40 ms
· TSSB = 20 ms

	1.5 * K * P * N * Max(TDRX,TSSB), 

where 
· K = [2, 3, 4, 8]
· P = 3 
· N = 8
· TDRX = 40 ms
· TSSB = 20 ms

	RRM
	Measurement type

	SSB based

	SSB based

	
	Measurement duration

	4 slots
	4 slots

	
	# of monitored resources

	8 SSB beams monitored
	8 SSB beams monitored

	
	Rel-15/Rel-16 measurement period requirement and 
Rel-17 relaxation factor K
(DRX cycle≤320ms) 
	1.5*K*Kp*Max(TDRX,TSMTCperiod)*CSSFintra,

where 
· K = [2, 3, 4, 8]
· Kp = 1
· TDRX = 40 ms
· TSMTCperiod = 20 ms
· CSSFintra = 1

	1.5 * K * Kp * Mmeas_period_w/o_gaps* Klayer1_measurement *  Max(TDRX,TSMTCperiod)*CSSFintra,

where 
· K = [2, 3, 4, 8]
· Kp = 1
· Mmeas_period_w/o_gaps = 24
· Klayer1_measurement = 1.5
· TDRX = 40 ms
· TSMTCperiod = 20 ms
· CSSFintra = 1


	RLM/BFD/RRM
	Measurement occasion sharing 
	All SSB measurement samples are used/shared for all measurements (i.e. RLM, BFD, and RRM)
	SSB measurement samples are shared for RLM and BFD measurements but not for RRM 



[bookmark: _Hlk67924846]Simulation results for power saving evaluation
1.1.1.1. Power saving from RLM + BFD relaxation in FR1
In this section, the results for FR1 are given for RLM and BFD relaxation without RRM measurement relaxation. As per Table 1, in FR1 it is assumed that the UE reuses the same SSB reception for deriving all measurements (RLM, BFD, and RRM). In light of that, even if the RLM and BFD measurements are relaxed with factor K = 2, 3, 4, or 8, the RRM measurement still takes place according to the Rel-15/16 assumptions. 
The results are shown in Table 2, which is applicable irrespective of the traffic option. 
	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	0%
	0%
	0%
	0%

	W/ WUS​
	0%
	0%
	0%
	0%


[bookmark: _Ref68035963]Table 2: Power saving gain percentage from RLM+BFD relaxation in FR1 assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.



1.1.1.2. Power saving from RLM + BFD relaxation in FR2
In this section, the results for FR2 are given for RLM and BFD relaxation without RRM measurement relaxation. As per Table 1, in FR2 it is assumed that the UE reuses the same SSB reception for deriving RLM and BFD measurements and that the UE uses different SSB receptions for RRM measurements. In light of that, even if the RLM and BFD measurements are relaxed with factor K = 2, 3, 4, or 8 in the corresponding measurement occasions, the RRM measurements still take place in the related measurement occasions according to the Rel-15/16 assumptions.  
The results are shown in Table 3-Table 5 and illustrated in Figure 1 for the three traffic options, Option 1a (FTP3 200ms IAT), Option 1b (FTP3  50ms IAT) and Option 2 (VoIP), respectively, for the cases without and with WUS. 

[bookmark: _Ref68036353]Table 3: Power saving gain percentage from RLM+BFD relaxation in FR2 for traffic option 1a (FTP3 200ms IAT), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.
	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	0.7%
	0.9%
	1.0%
	1.2%

	W/ WUS​
	1.2%
	1.6%
	1.8%
	2.1%





	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	0.6%
	0.8%
	0.9%
	1.1%

	W/ WUS​
	0.8%
	1.1%
	1.2%
	1.4%


Table 4: Power saving gain percentage from RLM+BFD relaxation in FR2 for traffic option 1b (FTP3 50ms IAT), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.



	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	0.3%
	0.4%
	0.5%
	0.5%

	W/ WUS​
	0.4%
	0.6%
	0.6%
	0.8%


[bookmark: _Ref68036355][bookmark: _Hlk68036547]Table 5: Power saving gain percentage from RLM+BFD relaxation in FR2 for traffic option 2 (VoIP), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.
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[bookmark: _Ref68036658]Figure 1: Energy saving percentage from RLM+BFD relaxation in FR2 for traffic option 1a, 1b, and 2, without WUS (top) and with WUS (bottom), vs. the offset value of SMTC window to DRX ON-duration, assuming SSB-based RLM and BFD measurements.

[bookmark: _Hlk67924901]System level performance simulations
[bookmark: _Hlk67924775]Evaluation assumptions for system level study
System simulations in this paper are done applying the major part of the parameters and assumptions agreed in [2]. Additional and different parameters values as given in Table 6.
[bookmark: _Ref61537035]Table 6: Additional system simulation parameters.
	Parameters
	Values

	Relaxation factor (K)
	2, (3), 4, 8


	Environment
	Urban Micro cellular with 7 gNBs 3 sectors, 
200 meters ISD.  
3D UMi channel model TR 38.901

	DRX
	Long cycle: 80 TTIs (40 ms); 
on Duration: 8 TTIs (4 ms); 
inactivity time: 8 TTIs (4 ms); 
no short DRX

	Traffic
	FTP3 model: average inter-arrival: 50 ms; 
packet size: 0.1 Mbytes

	Mobility
	105 UEs moving in random direction, wrap around in the area of 528 m * 460 m

	RLMF/BFD
	T_Evaluation_Period = acc. To Rel15/Re.16 requirements,
Resource type: CSI-RS

	Beam Management
	L1 RSRP Measurement interval: 40 ms, 
Resource type: SSB; 

	RRM Measurement
	Measurement interval: 40 ms; 
Resource type: SSB;



[bookmark: _Hlk67925118]Simulation results for system level analysis
1.1.1.3. Delta SINR
The delta SINR is calculated for the case that RLM+BFD measurements are relaxed with different relaxation factors (K = 2, 3, 4, 8) using SINR time traces generated as per [2] utilizing the following three options for delta SINR computation. 
[bookmark: _Hlk68118091]Option 1: A delta SINR value is generated every time a new SINR sample is available for the baseline (i.e. K=1). Each delta SINR value is computed by comparing the average SINR of the baseline (i.e. K =1) against the average SINR for a given relaxation factor K, where an average SINR value is averaged over 5 subsequent samples. In this option, we assume an equally distant sampling of the SINR.

[image: ]
Figure 2. Example of Delta SINR calculation option 1 (k = 2)
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[bookmark: _Ref68080837]Figure 3: Delta SINR CDF with calculation option 1.

[bookmark: _Hlk68118105]Option 2: This follows Option 1 expect that a delta SINR value is generated every time a new SINR sample is available for a given relaxation factor K.
[image: ]
Figure 4: Example of Delta SINR calculation option 2 (k = 2)	
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[bookmark: _Ref68083642]Figure 5: Delta SINR with calculation option 2.

Option 3: This follows Option 1 expect that we assume that UE implements relaxation as shown in the figure.
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Figure 6: Example of Delta SINR calculation option 3 (k = 2)
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[bookmark: _Ref68084078]Figure 7: Delta SINR with calculation option 3.

Table 7: The delta SINR values withing ±5% CDF are collected in for all options. 
	[bookmark: _Hlk68177972]K
	Delta SINR calculation
	3 km/h
	30 km/h

	2
	Option 1
	±3.36 dB
	±4.58 dB

	
	Option 2
	±3.13 dB
	±4.04 dB

	
	Option 3
	±3.63 dB
	±5.03 dB

	4
	Option 1
	±4.71 dB
	±6.51 dB

	
	Option 2
	±4.11 dB
	±6.45 dB

	
	Option 3
	±5.12 dB
	±8.95 dB

	8
	Option 1
	±5.78 dB
	±9.45 dB

	
	Option 2
	±5.34 dB
	±8.29 dB

	
	Option 3
	±6.57 dB
	±11.59 dB







Additionally, for comparison, we have evaluated delta SINR also on link level using the principle of Option 2. The results are shown in Table 8 and in Figure 8.
	K
	Delta SINR calculation
	
	SNR -6 dB
	SNR -3 dB
	SNR 0 dB
	SNR 3 dB
	SNR 6 dB

	2
	Option 2
	SINR max(1%,99%)
	2.03
	1.9
	1.9
	1.85
	1.83

	
	
	SINR max(5%,95%)
	1.4
	1.25
	1.6
	1.35
	1.3

	4
	Option 2
	SINR max(1%,99%)
	2.4
	2.23
	2.12
	2.05
	2.03

	
	
	SINR max(5%,95%)
	1.97
	1.92
	1.88
	1.84
	1.84

	8
	Option 2
	SINR max(1%,99%)
	4.15
	3.95
	3.97
	3.9
	3.85

	
	
	SINR max(5%,95%)
	2.9
	1.65
	3.55
	1.85
	1.7
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Figure 8: Link level analysis of delta SINR. In order from the top left corner: SNR -6 dB, -3 dB, 0 dB, 3 dB and 6 dB.
1.1.1.4. Other system level simulation results
[bookmark: _Hlk68118400]The time of outage is counted whenever SINR for hypothetical PDCCH BLER in Table 8.1.1-1 of TS 38.133 falls below the threshold and the average value is shown in Figure 8 for three UE speeds. 
[bookmark: _Hlk67925141][image: ] 
[bookmark: _Ref68106216]Figure 9: Average time of outage as function of RLM+BFD measurement relaxation.

Percentage of increased average time of outage due to RLM/BFD relaxation compared to time of outage in baseline is shown in Table 8. 
[bookmark: _Ref68104679][bookmark: _Hlk68118517]Table 8: Percentage of increase in ToO; (ToO_relaxed – ToO_baseline)/ToO_baseline.
	Speed/K
	2
	4
	8

	3 km/h
	152%
	367%
	739%

	30 km/h
	121%
	359%
	800%

	60 km/h
	74%
	233%
	537%



The average SINR measurements are illustrated in Figure 10. While the SINR is not impacted by RLM/BFD relaxation in 3 km/h speed slight reduction is observed in 30 km/h speed and the reduction becomes significant in 60 km/h speed.
[image: ]
Figure 10. Average SINR with RLM+BFD measurement relaxation.

Conclusion
In this contribution we have shown our simulation results for system level and UE power saving gain analysis when RLM and BFD measurement period is extended with different K-factors. Analysis of the results is given in our discussion paper in [4].
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[bookmark: _Hlk67925304][bookmark: _Hlk67925364]Annex A: Simulation results for RLM + BFD + RRM relaxation
In this annex we show simulation results for RLM, BFD and RRM measurement relaxation for information purposes only. 
Power saving simulations
Simulation results for power saving evaluation
1.1.1.5. [bookmark: _Hlk68038149] Power saving from RLM + BFD + RRM relaxation in FR1
In this section, the results for FR1 are given for RLM and BFD relaxation and with RRM measurement relaxation. As per Table 1, in FR1 it is assumed that the SSB measurement samples are shared for RLM, BFD and RRM measurements. The RLM, BFD, and RRM measurements are relaxed with the same relaxation factor K = 2, 3, 4, or 8 on top of the Rel-15/Rel-16 requirements (see Table 1).  
The results are shown in Table 9 - Table 11 and illustrated in Figure 10 for the three traffic options, Option 1a (FTP3 200ms IAT), Option 1b (FTP3  50ms IAT) and Option 2 (VoIP), respectively, for the cases without and with WUS. 
Note: the results provided in this section account for the Rel-15/Rel-16 	relaxation factor 1.5 for any value of the relaxation factor K (see Table 1). In contrast, our earlier results provided in [3] were generated without considering the Rel-15/Rel-16 relaxation factor 1.5 in the baseline (i.e. K = 1), thus a little discrepancy in the power saving gains can be noted between the two sets of results.

	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	18.2%
	21.3%
	22.8%
	25.1%

	W/ WUS​
	23.5%
	27.4%
	29.3%
	32.3%


[bookmark: _Ref68080387]Table 9: Power saving gain percentage from RLM+BFD+RRM relaxation in FR1 for traffic option 1a (FTP3 200ms IAT), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.



	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	16.9%
	19.8%
	21.2%
	23.3%

	W/ WUS​
	18.8%
	21%
	22.5%
	24.8%


Table 10: Power saving gain percentage from RLM+BFD+RRM relaxation in FR1 for traffic option 1b (FTP3 50ms IAT), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.



	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	8.2%
	9.6%
	10.3%
	11.3%

	W/ WUS​
	12.2%
	14.2%
	15.2%
	16.7%


[bookmark: _Ref68080389]Table 11: Power saving gain percentage from RLM+BFD+RRM relaxation in FR1 for traffic option 2 (VoIP), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.
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[bookmark: _Ref68080699]Figure 11: Energy saving percentage from RLM+BFD+RRM relaxation in FR1 for traffic option 1a, 1b, and 2, without WUS (top) and with WUS (bottom), vs. the offset value of SMTC window to DRX ON-duration, assuming SSB-based RLM and BFD measurements

1.1.1.6. Power saving from RLM + BFD + RRM relaxation in FR2
In this section, the results for FR2 are given for RLM and BFD relaxation and with RRM measurement relaxation. As per Table 1, in FR2 it is assumed that the SSB measurement samples are shared for RLM and BFD measurements but not for RRM. It is further assumed that the RLM and BFD measurements are already relaxed with a factor P (i.e. P = 3 in our results) as per the Rel-15/Rel.16 requirements. Then, the RLM, BFD, and RRM measurements are relaxed with the same relaxation factor K = 2, 3, 4, or 8 on top of the Rel-15/Rel-16 requirements (see Table 1).  
The results are shown in Table 12-Table 14 and illustrated in Figure 11 for the three traffic options, Option 1a (FTP3 200ms IAT), Option 1b (FTP3  50ms IAT) and Option 2 (VoIP), respectively, for the cases without and with WUS. 
	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	11.23%
	14.98%
	16.85%
	19.66%

	W/ WUS​
	20.86%
	27.82%
	31.30%
	36.51%


[bookmark: _Ref68071204]Table 12: Power saving gain percentage from RLM+BFD+RRM relaxation in FR2 for traffic option 1a (FTP3 200ms IAT), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.



	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	10.66%
	14.21%
	15.98%
	18.65%

	W/ WUS​
	13.84%
	18.45%
	20.76%
	24.22%


Table 13: Power saving gain percentage from RLM+BFD+RRM relaxation in FR2 for traffic option 1b (FTP3 50ms IAT), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.



[bookmark: _Ref68071207]

Table 14: Power saving gain percentage from RLM+BFD+RRM relaxation in FR2 for traffic option 2 (VoIP), assuming SSB-based RLM, BFD, and RRM measurements with a random offset of SMTC window to DRX ON-duration.
	Power saving (%) vs. K = 1
	Relaxation Factor K​

	
	K = 2​
	K = 3
	K = 4​
	K = 8​

	W/o WUS​
	5.30%
	7.07%
	7.95%
	9.28%

	W/ WUS​
	7.39%
	9.86%
	11.09%
	12.94%
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[bookmark: _Ref68071241]Figure 12: Energy saving percentage from RLM+BFD+RRM relaxation in FR2 for traffic option 1a, 1b, and 2, without WUS (top) and with WUS (bottom), vs. the offset value of SMTC window to DRX ON-duration, assuming SSB-based RLM and BFD measurements.

System level simulations
Simulation results for system level analysis
Although relaxation of RRM measurements are out of the scope of this WI, some of the system performance metrics are evaluated by further relaxing RRM measurements along with RLM+BFD measurements and results presented here.
[bookmark: _Hlk67925444][image: ]
Figure 13. Average Time of Outage with RLM+BFD relaxation with and without RRM relaxation for UE speed 3km/h, 30km/h, and 60km/h.
It is observed that relaxation of RRM measurements will have significant increase in UE’s time of outage.
Table 16. Percentage of increase in ToO; (ToO_relaxed – ToO_baseline)/ToO_baseline.
	Speed / K
	2
	4
	8

	3 km/h
	153%
	419%
	989%

	30 km/h
	207%
	556%
	1234%

	60 km/h
	140%
	426%
	983%



[image: ]
Figure 14. Average SINR with  RLM+BFD measurement relaxation with and without RRM measurement relaxation for UE speed 3km/h, 30km/h, and 60km/h. 
[image: ]
Figure 15. Percentage of RLF + HOF compared to all RLF+HOF+HO with  RLM+BFD measurement relaxation  with and without RRM measurement relaxation for UE speed 3km/h, 30km/h, and 60km/h.  
It is observed that this value reduces slightly with relaxed RLM+BFD measurements, but the reason is that fewer radio link or beam failures will be detected due to when RLM/BFD is relaxed. It is also clearly seen that adding RRM measurement relaxation will introduce a significant degradation, as mobility performance will be heavily impacted. It should also be noted that the simulations are done in moderate radio channel conditions, hence, it is expected that the failure rate will be even higher in more challenging radio channel conditions.
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