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1. Introduction

The RRM work plan for R17 UE powers saving enhancements has been approved in [1]. According to the work plan, the followings need to be discussed in RAN4 #98e meeting.
	· Calibration on the evaluation results for RLM/BFD measurement relaxation
· Discuss and conclude, if agreed, beneficial relaxation method and the corresponding criteria for UE to enter the relaxation mode


This paper will provide the discussion on the potential RLM/BFD relaxation schemes.
2. Discussion
2.1. RLM/BFD relaxation schemes
In RAN4#97e meeting, RAN4 agreed to consider the extended evaluation period of RLM/BFD measurement. In the approved WF [2], RAN4 needs to study whether the following relaxation schemes can be used as the scheme of RLM/BFD measurements relaxation.
	· Option 1a: RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals.

· Option 2: Reducing the number of candidate beams when UE fulfilled relaxed criteria can be a feasible way to reduce power consuming. 
· Option 3: Reducing the number reducing the sample number. 


In TS38.133, the evaluation period of RLM/BFD measurements can be summarized as Table 1.
Table 1: RLM/BFD evaluation period defined in TS38.133

	RLM
	BFD

	TEvaluate_RLM_out
	TEvaluate_RLM_in 
	TEvaluate_BFD

	10 samples
	5 samples
	5 samples

	NOTE:
The evaluation period of RLM/BFD measurements depends on the sampling interval length. In DRX mode, the sampling interval is assumed as the DRX cycle length.


Based on the agreed simulation assumption, the evaluation is performed in DRX mode. The DRX cycle length is assumed as 40ms for VoIP traffic model and 160ms for FTP model 3. For no relaxed RLM/BFD measurements, the UE is assumed to perform RLM/BFD sampling measurement once in each DRX cycle. For relaxed RLM/BFD measurements, the power consumption with relaxation factors (X=2/4/8) need to be evaluated, and the UE is assumed to perform RLM/BFD measurement every X DRX cycles.
For option 1a, the relaxed sampling interval and corresponding RLM/BFD evaluation period can be shown in Table 2.
Table 2: Relaxed RLM/BFD measurements for Option 1a
	Relaxation factor (X)
	Tsampling_interval (ms) 
	TEvaluate_RLM_out (ms) 
	TEvaluate_RLM_in (ms) 
	TEvaluate_BFD (ms) 

	No relax
	TDRX
	10 samples
(10 ( TDRX)
	5 samples
(5 ( TDRX)
	5 samples
(5 ( TDRX)

	2
	2 ( TDRX
	10 samples
(20 ( TDRX)
	5 samples
(10 ( TDRX)
	5 samples
(10 ( TDRX)

	3
	3 ( TDRX
	10 samples
(30 ( TDRX)
	5 samples
(15 ( TDRX)
	5 samples
(15 ( TDRX)

	4
	4 ( TDRX
	10 samples
(40 ( TDRX)
	5 samples
(20 ( TDRX)
	5 samples
(20 ( TDRX)

	8
	8 ( TDRX
	10 samples
(80 ( TDRX)
	5 samples
(40 ( TDRX)
	5 samples
(40 ( TDRX)

	NOTE:
TDRX is the DRX cycle length.


For option 2, the buffer size for RLM/BFD measurements in baseband module is related to the number of candidate beams, but the UE power consumption due to RLM/BFD measurements would be hardly affected by the number of candidate beams.
For option 3, the sampling number is reduced, which can be calculated as ceil(Ttotal_RLM/BFD/X). Then, the relaxed sampling interval and corresponding RLM/BFD evaluation period can be shown in Table 3.
Table 3: Relaxed RLM/BFD measurements for Option 3
	Relaxation factor (X)
	Tsampling_interval (ms) 
	TEvaluate_RLM_out (ms) 
	TEvaluate_RLM_in (ms) 
	TEvaluate_BFD (ms) 

	No relax
	TDRX
	10 samples
(10 ( TDRX)
	5 samples
(5 ( TDRX)
	5 samples
(5 ( TDRX)

	2
	2 ( TDRX
	5 samples
(10 ( TDRX)
	3 samples
(6 ( TDRX)
	3 samples
(6 ( TDRX)

	3
	3 ( TDRX
	4 samples
(12 ( TDRX)
	2 samples
(6 ( TDRX)
	2 samples
(6 ( TDRX)

	4
	4 ( TDRX
	3 samples
(12 ( TDRX)
	2 samples
(8 ( TDRX)
	2 samples
(8 ( TDRX)

	8
	8 ( TDRX
	2 samples
(16 ( TDRX)
	1 samples
(8 ( TDRX)
	1 samples
(8 ( TDRX)

	NOTE:
TDRX is the DRX cycle length.


2.2. UE power modelling for RLM/BFD relaxation evaluation
Beside RLM/BFD measurements, the UE usually will be configured with other Layer 1 measurements, e.g. L1-RSRP measurements for beam reporting.
Figure 1 provides an example of SSB based RLM measurements and SSB based L1-RSRP measurements in DRX mode. In Figure 1, DRX cycle is set as 40ms and SSB periodicity is assumed as 20ms. The UE performs RLM measurement and L1-RSRP measurement within each onDuration. SSB based AGC adjustment is considered and performed per 160ms.
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Figure 1: Leagcy RLM measurements and L1-RSRP measurements in DRX
Figure 2-4 shows the relaxed RLM measurements and legacy L1-RSRP measurements in DRX mode with different relaxation factors (X=2/4/8). The UE performs RLM measurements every X DRX cycles. However, the UE still performs L1-RSRP measurements every DRX cycles. 
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Figure 2: relaxed RLM (X=2) measurements and L1-RSRP measurements in DRX
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Figure 3: relaxed RLM (X=4) measurements and L1-RSRP measurements in DRX
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Figure 4: relaxed RLM (X=8) measurements and L1-RSRP measurements in DRX
The UE behaviour of PDCCH/PDSCH decoding is also involved for evaluating UE power consumption. When the UE performs PDCCH/PDSCH decoding depends on the traffic model. The traffic models of VoIP and FTP3 are evaluated.

The UE power modelling defined in TS38.840 is used for evaluating the relaxed RLM/BFD measurement schemes. The power consumption levels for each action and each concurrent action are assumed as Table 4.
Table 4: UE power modelling for RLM/BFD relaxation evaluation
	Case#
	Actions in a slot
	Power consumption

	
	PDCCH decoding
	PDSCH decoding
	SSB processing for L1-RSRP
	SSB processing for RLM/BFD
	FR1

	1
	√
	
	
	
	100

	2
	
	
	√
	
	100

	3
	
	
	
	√
	100

	4
	
	
	√
	√
	170 = 0.85 * (100 + 100)

	5
	√
	
	√
	
	170 = 0.85 * (100 + 100)

	6
	√
	
	√
	√
	255 = 0.85 * (100 + 100 + 100)

	7
	√
	√
	
	
	300

	8
	√
	√
	√
	
	300

	9
	√
	√
	√
	√
	300

	Note 1: It is assumed that SSB for L1-RSRP and SSB for RLM/BFD are with different SSB index.

Note 2: The power consumption for SSB processing for AGC is assumed as 100.


Based on the UE power modelling provided in Table 4, the evaluation results of power consumption will be provided in this paper. For the slot involving PDSCH decoding, there is no power saving gain due to skipping RLM/BFD measurement on this slot.
Observation 1: For the slot where UE needs to perform PDSCH decoding, there is no power saving gain due to skipping RLM/BFD measurement on this slot.

2.3. Simulation Results of RLM/BFD relaxation evaluation
2.3.1. Power consumption comparison
Based on the simulation assumptions in [3] and UE power modelling in section 2.2, the power consumption comparison between relaxed RLM/BFD measurements and legacy RLM/BFD measurements in FR1 is provided in Table 5.

Table 5: UE power consumption for Relaxed RLM/BFD measurements in FR1
	Case
	RLM/BFD Relaxation Factor

	
	No relaxation
	X=2
	X=3
	X=4
	X=8

	w/o WUS
	DRX=40ms
	VoIP
	44.28
	44.06
(gain=0.49%)
	43.99
(gain=0.65%)
	43.96
(gain=0.72%)
	43.90
(gain=0.85%)

	
	DRX=160ms
	FTP3
	69.56
	69.44
(gain=0.17%)
	69.40
(gain=0.23%)
	69.38
(gain=0.26%)
	69.35
(gain=0.30%)

	w/ WUS
	DRX=40ms
	VoIP
	38.28
	38.08
(gain=0.52%)
	38.01
(gain=0.49%)
	37.98
(gain=0.77%)
	37.93
(gain=0.90%)

	
	DRX=160ms
	FTP3
	66.60
	66.48
(gain=0.18%)
	66.44
(gain=0.24%)
	66.42
(gain=0.27%)
	66.39
(gain=0.31%)

	Note: The value of UE power consumption for each case is the average power consumption per UE per slot.


According to the results in Table 5, it can be observed that the power saving gain due to relaxed RLM/BFD measurements is quite limited. When the relaxation factor X is 8, the benefit due to RLM/BFD measurement relaxation is not larger than 1%. The power consumption results provided in this paper are based on the actions of PDCCH/PDSCH decoding, RLM/BFD measurements and L1-RSRP measurements. In actual, the UE also will perform L3 RRM measurements and UL transmissions. If the power consumption for L3 RRM measurements and UL transmission are also involved for evaluation, the benefit due to relaxed RLM/BFD measurements will be further reduced. For this simulation, the SSB for RLM/BFD is not the same SSB for L1-RSRP. However, the SSB configured for L1-RSRP could also be configured for RLM/BFD. In this case, no matters whether the UE needs to perform RLM measurements on this SSB, the UE still would perform SSB receptions on this SSB due to L1-RSRP measurements. The RLM/BFD measurement relaxation would hardly bring the power saving gain.
Observation 2: The power saving benefit due to only relaxed RLM/BFD measurements is quite limited.
2.3.2. Delta SINR comparison
Based on the RLM evaluation periods provided in Table 2, the CDF curves of Delta SINR comparison for Option 1a are provided as bellow.
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Figure 5: CDF of Delta SINR for Option 1a
For Option 1a, the values of 90% delta SINR in low mobility scenario (UE speed = 3km/h) can be within ±2dB for scaling factor X<=4 and within ±6dB for scaling factor X=8. The values of 90% delta SINR in medium mobility scenario (UE speed = 30km/h) can be within ±10dB for scaling factor X<=4 and within ±15dB for scaling factor X=8. 

Based on the RLM evaluation periods provided in Table 3, the CDF curves of Delta SINR comparison for Option 3 are provided as bellow.
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Figure 6: CDF of Delta SINR for Option 3
For Option 3, the values of 90% delta SINR can be within ±0.5dB in low mobility scenario and within ±2dB in medium mobility scenario. However, the delta SINR results provided in this contribution does not consider the measurement error in baseband module. Obviously, the mainly issue for reducing sample number is the increased measurement error in baseband module, which has been observed when RAN4 investigated the RLM/BFD evaluation period requirements for NR in Rel-15. 
2.3.3. RLF triggering latency

If the value of threshold Qout is assumed as -10dB, the SINR variations of two UEs (one UE with speed = 3km/h and one UE with speed = 30km/h) which would trigger RLF are logged as shown in Figure 7 for Option 1a and as shown in Figure 8 for Option 4. 
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Figure 7: SINR variations of UE triggering RLF for Option 1a
It can be observed that the SINR values based on relaxed RLM evaluation periods is overestimated when the link quality starts to get worse. The time to triggering RLF is delayed due to relaxed RLM evaluation. The latencies in RLF triggering for this UE are summarized in Table 6. 
Table 6: RLF triggering latency for relaxed RLM/BFD measurements with Option 1a
	Case
	RLF trigger latency

	
	No relaxation
	X=2
	X=3
	X=4
	X=8

	DRX=40ms, Speed = 3km/h
	N/A
	200ms
	360ms
	680ms
	1480ms

	DRX=40ms, Speed = 30km/h
	N/A
	280ms
	560ms
	840ms
	1800ms


For low mobility scenario, the RLF triggering latency is around 0.5*ΔTevaluation, where ΔTevaluation is equal to relaxed RLM evaluation period minus legacy RLM evaluation period. For medium mobility scenario, higher UE speed will increase the RLF triggering latency.
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Figure 8: SINR variations of UE triggering RLF for Option 3

It can be observed that the SINR values based on reducing RLM sample number is around the values with legacy RLM. The latencies in RLF triggering for this UE are summarized in Table 7. 

Table 7: RLF triggering latency for relaxed RLM/BFD measurements with Option 3
	Case
	RLF trigger latency

	
	No relaxation
	X=2
	X=3
	X=4
	X=8

	DRX=40ms, Speed = 3km/h
	N/A
	40ms
	0ms
	40ms
	200ms

	DRX=40ms, Speed = 30km/h
	N/A
	40ms
	80ms
	40ms
	200ms


For scaling factor X<=4, the RLF triggering latency is quite limited. For scaling factor X=8, the RLF triggering latency is equal to a few hundreds of milliseconds.

So, the RLF triggering latency is mainly affected by the RLM evaluation period length. A higher UE speed also will increase the RLF triggering latency.

Observation 3: The relaxed RLM evaluation period will cause RLF triggering latency, and the RLF triggering latency is increased with the lager relaxation coefficient and the higher UE speed.

3. Conclusions
This contribution provides the analysis on the potential RLM/BFD relaxation schemes. The followings are provided:
Observation 1: For the slot where UE needs to perform PDSCH decoding, there is no power saving gain due to skipping RLM/BFD measurement on this slot.

Observation 2: The power saving benefit due to only relaxed RLM/BFD measurements is quite limited.

Observation 3: The relaxed RLM evaluation period will cause RLF triggering latency, and the RLF triggering latency is increased with the lager relaxation coefficient and the higher UE speed.
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