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1. Introduction

Based on the simulation assumptions in [1], this paper will provide the simulation results for evaluating RLM/BFD relaxation.
2. Discussion
2.1. UE power modelling for RLM/BFD relaxation evaluation
This evaluation is going to provide power consumption comparison between relaxed RLM/BFD and R15/R16 baseline. Besides performing RLM/BFD measurements, the UE also need to perform PDCCH/PSDCH decoding and RRM measurements. Hence, the UE power consumption evaluation in this paper involves the actions of PDCCH/PSDCH receiving, RLM/BFD measurements and RRM measurements.
The UE power modelling defined in TS38.840 is used for evaluating RLM/BFD relaxation. The power consumption levels for each action and each concurrent action are assumed as Table 1.

Table 1: UE power modelling for relaxed RLM/BFD evaluation
	Actions in one slot
	Relative Power

	
	FR1
	FR2

	SSB/CSI-RS processing
	100
	175

	PDCCH-only decoding
	100
	175

	PDCCH-only + SSB/CSI-RS processing
	170

=0.85*(100+100)
	300

≈0.85*(175+175)

	PDCCH+PDSCH decoding (Note 1)
	300
	350

	RRM measurements (Note 2/3)
	200
	320

	combined PDCCH-only and RRM measurements
	255

=0.85*(100+200)
	420

≈0.85*(175+320)

	combined PDCCH+PDSCH and RRM measurements
	425

=0.85*(300+200)
	570

≈0.85*(350+320)

	Note 1: for “PDCCH+PDSCH” concurrent in the same slot as “SSB/CSI-RS processing”, assume “PDCCH+PDSCH” power

Note 2: neighboring cell measurement and search power are counted into the power consumption for RRM measurements.

Note 3: for “RRM measurements” concurrent in the same slot as “SSB/CSI-RS processing”, assume “RRM measurements” power


The UE power consumption model for sleep state defined in section 8.1.1 in TS38.840 is used for this evaluation.
In DRX mode, the UE is required to perform PDCCH monitoring on the slot within onDuration and perform RRM measurements on slot within SMTC window. Both RLM-RS/BFD-RS (SSB or CSI) periodicity and SMTC periodicity are assumed as 20ms for this evaluation, and SMTC window length is assumed as 5ms. DRX cycle is assumed as 40ms, and DRX onDuration is assumed as 4ms. For R15/R16 UE, it is expected to perform one RLM/BFD/RRM measurement every DRX cycle. When DRX cycle is no longer than 320ms, RLM/BFD/RRM measurements with X=1.5 relaxation is allowed in considering of misaligned timing relationship between onDuration and RLM/BFD/RRM measurement occasion. For the case of X=1.5 relaxation, UE is expected to perform two RLM/BFD/RRM measurements every three DRX cycles. Two types of baseline are considered for this evaluation as below:
· Baseline#1: UE is assumed to perform one RLM/BFD/RRM measurement every DRX cycle. (X=1)
· Baseline#2: UE is assumed to perform two RLM/BFD/RRM measurements every three DRX cycles. (X=1.5)
2.1.1. SSB based RLM/BFD

SSB resource is always assumed to be overlapped with SMTC windows.
[image: image1.png]Peorm. ‘Pasform RRM
ED ptitiey
f—omxeeon R e R e R e R e R e R e ety





Figure 1-(a): SSB-based RLM and RRM in DRX in FR1 (onDuration inside SMTC window, Baseline#1)
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Figure 1-(b): SSB-based RLM/BFD and RRM in DRX in FR1 (onDuration outside SMTC window, Baseline#1)
Figure 1 provides the examples of SSB based RLM and RRM measurements in DRX mode, with considering both cases of onDuration configured inside SMTC window and onDuration configured outside SMTC window. RLM/BFD measurements are relaxed based on baseline#1.
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Figure 2-(a): SSB-based RLM/BFD and RRM in DRX in FR1 (onDuration inside SMTC window, Baseline#2)
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Figure 2-(b): SSB-based RLM/BFD and RRM in DRX in FR1 (onDuration outside SMTC window, Baseline#2)

Figure 2 provides the examples of SSB based RLM and RRM measurements in DRX mode, with considering both cases of onDuration configured inside SMTC window and onDuration configured outside SMTC window. RLM/BFD measurements are relaxed based on baseline#2.

2.1.2. CSI-RS based RLM/BFD

UE power consumption for CSI-RS processing is assumed to be same as that for SSB processing. If CSI-RS for RLM/BFD is overlapped with SMTC windows, the simulation results for CSI-RS based RLM/BFD will be same as the results for SSB based RLM/BFD. Hence, for CSI-RS based RLM/BFD, the scenario where CSI-RS for RLM/BFD is non-overlapped with SMTC window is evaluated.
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Figure 3-(a): CSI-RS-based RLM/BFD and RRM in DRX in FR1 (CSI-RS inside onDuration, Baseline#1)

[image: image6.png]‘Pecform REM.

R e

R e

R e

R e

R e

ICSLRS fo
|RLABTD

| sur

RLMBFD:31
RRM:ED





Figure 3-(b): CSI-RS-based RLM/BFD and RRM in DRX in FR1 (CSI-RS outside onDuration, Baseline#1)

Figure 3 provides the examples of CSI-RS based RLM/BFD and RRM measurements in DRX mode, with considering both cases of CSI-RS configured inside onDuration and CSI-RS configured outside onDuration. RLM/BFD measurements are relaxed based on baseline#1.
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Figure 4-(a): CSI-RS-based RLM/BFD and RRM in DRX in FR1 (CSI-RS inside onDuration, Baseline#2)
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Figure 4-(b): CSI-RS-based RLM/BFD and RRM in DRX in FR1 (CSI-RS outside onDuration, Baseline#2)

Figure 4 provides the examples of CSI-RS based RLM/BFD and RRM measurements in DRX mode, with considering both cases of CSI-RS configured inside onDuration and CSI-RS configured outside onDuration. RLM/BFD measurements are relaxed based on baseline#2.

2.2. Simulation Results of RLM/BFD relaxation evaluation
2.2.1. Power consumption comparison
Based on the simulation assumptions in [3] and UE power modelling in section 2.1, the power consumption comparison between relaxed RLM/BFD measurements and legacy RLM/BFD measurements in FR1 is provided in Table 2 and Table 3 for SSB based RLM/BFD and CSI-RS based RLM/BFD respectively.

SSB based RLM/BFD

Table 2: UE power consumption for SSB based RLM/BFD in FR1
	Traffic model
	Scenario
	Power consumption (per-slot average energy)

	
	
	RRM X=1 (Baseline#1)
	RRM X=1.5 (Baseline#2)

	
	
	RLM X=1
	RLM X=2
	RLM X=4
	RLM X=1.5
	RLM X=3
	RLM X=6

	VoIP

w/o WUS
	onDuration inside SMTC
	22.57
	22.57
	22.57
	19.25
	19.25
	19.25

	
	onDuration outside SMTC 
	29.19
	29.19
	29.19
	23.70
	23.70
	23.70

	VoIP

w/ WUS
	onDuration inside SMTC
	21.48
	21.48
	21.48
	17.18
	17.18
	17.18

	
	onDuration outside SMTC 
	25.66
	25.66
	25.66
	19.99
	19.99
	19.99

	FTP3 200ms
w/o WUS
	onDuration inside SMTC
	39.06
	39.06
	39.06
	35.77
	35.77
	35.77

	
	onDuration outside SMTC 
	44.40
	44.40
	44.40
	39.35
	39.35
	39.35

	FTP3 200ms
w WUS
	onDuration inside SMTC
	36.84
	36.84
	36.84
	31.95
	31.95
	31.95

	
	onDuration outside SMTC 
	38.31
	38.31
	38.31
	32.96
	32.96
	32.96

	FTP3 50ms
w/o WUS
	onDuration inside SMTC
	67.04
	67.04
	67.04
	63.89
	63.89
	63.89

	
	onDuration outside SMTC 
	70.85
	70.85
	70.85
	66.45
	66.45
	66.45

	FTP3 50ms
w/ WUS
	onDuration inside SMTC
	66.48
	66.48
	66.48
	63.21
	63.21
	63.21

	
	onDuration outside SMTC 
	70.04
	70.04
	70.04
	65.61
	65.61
	65.61

	Note1: “RRM X” indicates that UE perform one RRM measurement every X DRX cycle(s).

Note2: “RLM X” indicates that UE perform one RLM/BFD measurement every X DRX cycle(s).


CSI-RS based RLM/BFD

Table 3: UE power consumption for CSI-RS based RLM/BFD in FR1
	Traffic model
	Scenario
	Power consumption (per-slot average energy)

	
	
	RRM X=1 (Baseline#1)
	RRM X=1.5 (Baseline#2)

	
	
	RLM X=1
	RLM X=2
	RLM X=4
	RLM X=1.5
	RLM X=3
	RLM X=6

	VoIP

w/o WUS
	CSI-RS inside onDuration
	29.36
	29.27
	29.23
	23.81
	23.75
	23.72

	
	CSI-RS outside onDuration
	31.55
	30.37
	29.78
	25.27
	24.48
	24.09

	VoIP

w/ WUS
	CSI-RS inside onDuration
	27.82
	26.75
	26.21
	21.38
	20.66
	20.33

	
	CSI-RS outside onDuration
	28.24
	26.96
	26.31
	21.71
	20.85
	20.42

	FTP3 200ms
w/o WUS
	CSI-RS inside onDuration
	44.79
	44.59
	44.49
	39.61
	39.48
	39.42

	
	CSI-RS outside onDuration
	46.43
	45.41
	44.90
	40.71
	40.03
	39.70

	FTP3 200ms
w/ WUS
	CSI-RS inside onDuration
	40.69
	39.51
	38.91
	34.54
	33.75
	33.35

	
	CSI-RS outside onDuration
	41.86
	40.09
	39.20
	35.25
	34.06
	33.51

	FTP3 50ms
w/o WUS
	CSI-RS inside onDuration
	71.19
	71.02
	70.93
	66.68
	66.57
	66.51

	
	CSI-RS outside onDuration
	72.32
	71.58
	71.22
	67.44
	66.95
	66.71

	FTP3 50ms
w/ WUS
	CSI-RS inside onDuration
	70.60
	70.32
	70.18
	65.98
	65.79
	65.70

	
	CSI-RS outside onDuration
	71.54
	70.79
	70.90
	66.62
	66.11
	65.86

	Note1: “RRM X” indicates that UE perform one RRM measurement every X DRX cycle(s).

Note2: “RLM X” indicates that UE perform one RLM/BFD measurement every X DRX cycle(s).


2.2.2. Delta SINR comparison
The CDF curves of Delta SINR comparison between relaxed RLM/BFD and legacy RLM/BFD (X=1) are provided as bellow.
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Figure 5: CDF of Delta SINR for SSB based RLM in FR1
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Figure 6: CDF of Delta SINR for CSI-RS based RLM in FR1
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Figure 7: CDF of Delta SINR for SSB based BFD in FR1
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Figure 8: CDF of Delta SINR for CSI-RS based BFD in FR1

The values of (1%, 5%, 95%, 99%) CDF curves are summarized in Tables 5 and 6 for different UE speeds.
Table 5: Delta SINR for RLM/BFD relaxation evaluation in FR1 (UE Speed=3km/h)
	Case
	Relaxation
	Delta SINR value

	
	
	1%
	5%
	95%
	99%

	SSB based RLM

(10 samples)
	X=2
	-0.83
	-0.40
	0.54
	1.30

	
	X=3
	-1.52
	-0.71
	1.03
	2.56

	
	X=4
	-2.09
	-0.98
	1.49
	3.79

	
	X=8
	-3.66
	-1.72
	3.08
	8.26

	CSI-RS based RLM

(20 samples)
	X=2
	-1.36
	-0.65
	1.03
	2.66

	
	X=3
	-2.35
	-1.13
	1.91
	5.08

	
	X=4
	-3.08
	-1.46
	2.70
	7.40

	
	X=8
	-4.48
	-2.19
	4.80
	13.67

	SSB based BFD

(5 samples)
	X=2
	-0.48
	-0.25
	0.31
	0.65

	
	X=3
	-0.90
	-0.43
	0.56
	1.26

	
	X=4
	-1.27
	-0.60
	0.80
	1.89

	
	X=8
	-2.51
	-1.15
	1.72
	4.32

	CSI-RS based BFD

(10 samples)
	X=2
	-0.83
	-0.40
	0.54
	1.30

	
	X=3
	-1.52
	-0.71
	1.03
	2.56

	
	X=4
	-2.09
	-0.98
	1.49
	3.79

	
	X=8
	-3.66
	-1.72
	3.08
	8.26


Table 5: Delta SINR for RLM/BFD relaxation evaluation in FR1 (UE Speed=30km/h)
	Case
	Relaxation
	Delta SINR value

	
	
	1%
	5%
	95%
	99%

	SSB based RLM

(10 samples)
	X=2
	-2.78
	-1.81
	4.13
	10.47

	
	X=3
	-4.21
	-2.81
	7.34
	16.60

	
	X=4
	-5.06
	-3.48
	9.93
	20.02

	
	X=8
	-7.35
	-5.13
	17.36
	27.81

	CSI-RS based RLM

(20 samples)
	X=2
	-2.85
	-2.23
	6.74
	14.91

	
	X=3
	-4.37
	-3.35
	11.77
	20.35

	
	X=4
	-5.43
	-4.20
	15.34
	34.94

	
	X=8
	-7.91
	-5.96
	25.31
	35.85

	SSB based BFD

(5 samples)
	X=2
	-2.47
	-1.27
	2.26
	5.78

	
	X=3
	-3.89
	-2.16
	4.27
	10.58

	
	X=4
	-4.86
	-2.80
	6.06
	14.44

	
	X=8
	-6.69
	-4.18
	11.39
	21.76

	CSI-RS based BFD

(10 samples)
	X=2
	-2.78
	-1.81
	4.13
	10.47

	
	X=3
	-4.21
	-2.81
	7.34
	16.60

	
	X=4
	-5.06
	-3.48
	9.93
	20.02

	
	X=8
	-7.35
	-5.13
	17.36
	27.81


3. Conclusions
This contribution provides the simulation results for evaluating RLM/BFD relaxation. The simulation results need to be considered for studying RLM/BFD relaxation.
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