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Introduction
The RRM work on UE power saving enhancements started in RAN4#97e meeting. A way forward was agreed in [1] to capture the outcome of the email discussion during the meeting. RAN4 also agreed a set of simulation assumptions for UE power saving gain and system level analysis in [2]. In this contribution, we continue the discussion based on the way forward and provide our analysis of RLM/BFD measurement relaxation impact on UE power consumption as well as system performance impact based on our simulation results.
Simulation study
Evaluation assumptions
System level simulation assumptions for mobility impact analysis from RLM/BFD relaxation as well as evaluation assumptions for power saving benefits from RLM/BFD relaxation are summarized in [2] tables I and II, respectively. Simulations in this paper are done applying the major part of the parameters in [2] using FTP model 3 and parameter values as given in Table 1.
[bookmark: _Ref61537035]Table 1: simulation parameters.
	Parameters
	Values

	Traffic model
	FTP model 3: 50 ms inter-arrival time

	Relaxation factor (K)
	2, 3, 4, 4.5, 6, 8, 12
I.e. added meas. periodicity DRX*K*1.5 (DRX*  3, 6, 12)

	DRX cycle length / on duration / inactivity time
	40ms / 4 ms / 4 ms

	Measurement duration RLM/BFD/RRM
	1/1/4 slots

	SMTC period
	40 ms

	BW
	20MHz



Parameters not specified in Table 1 follow the agreed evaluation assumptions in [2].
Simulation results for power saving evaluation
In this sub-section we present our analysis of the UE power saving based on the measurement relaxation. We have simulated the UE power saving gain by taking into account relaxed RLM and BFD measurements alone, and for comparison, also by adding RRM measurement relaxation in the study. The relaxation factors studied are K = 2, 4 and 8 with and without taking into account the relaxation factor 1.5 that is currently in the specification for short DRX. The percentage that is shown as the result is the power saving gain in total UE power compared to non-relaxed measurements (K=1).
The simulation is done for the case where all measurements are based on SSB. In the simulation it is assumed that the UE reuses the same SSB sample for all measurements (RLM, BFD, L1-RSRP or RRM). I.e. even if RLM or BFD measurement is relaxed with factor K = 2, 4, 8, RRM measurement still takes place according to the Rel-15/16 assumption. We have evaluated the power saving gain in two scenarios: when the SMTC window is within and outside the DRX ON duration.
The results are shown in Tables 2-5 and illustrated in Figures 1-4. Tables 2-3 show the results with SMTC window outside the ON duration, and Tables 4-5 show the results with SMTC window within the ON duration. Results are given for RLM and BFD relaxation with and without RRM measurement relaxation.
Results with SMTC window outside the ON duration

Table 2: Simulation results for power saving percentage for RLM+BFD relaxation with SMTC window outside the ON duration.
	RLM+BFD relaxation for SSB-based RLM, BFD, L1-RSRP and RRM
SMTC window outside the ON duration
BW = 20 MHz; DRX cycle = 40 ms, SMTC window offset = 10ms

	FTP3​
Power saving (%) vs. K=1​
	Relaxation Factor K​

	
	K=2​
	K=3 (2x1.5)​
	K=4​
	K=4.5 (3x1.5)​
	K=6 (4x1.5)​
	K=8​​
	K=12 (8x1.5)

	W/o WUS​
	0​
	0​
	0​
	0​
	0​
	0​
	0​

	W/ WUS​
	0​
	0​
	0​
	0​
	0​
	0​
	0​



Table 3: Simulation results for power saving percentage for RLM+BFD+RRM relaxation with SMTC window outside the ON duration.
	RLM+BFD+RRM relaxation for SSB-based RLM, BFD, L1-RSRP and RRM
SMTC window outside the ON duration
BW = 20 MHz; DRX cycle = 40 ms, SMTC window offset = 10ms

	FTP3​
Power saving (%) vs. K=1​
	Relaxation Factor K​

	
	K=2​
	K=3 (2x1.5)​
	K=4​
	K=4.5 (3x1.5)​
	K=6 (4x1.5)​
	K=8​​
	K=12 (8x1.5)​

	W/o WUS​
	17.7%
	23.6%
	26.6%
	27.5%
	29.5%
	31.0%
	32.5%

	W/ WUS​
	20.7%
	27.6%
	31.0%
	32.2%
	34.5%
	36.2%
	37.9%
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Figure 1: Power saving percentage with RLM+BFD+RRM relaxation with SMTC window outside DRX on duration and with an offset of 10ms to DRX-ON.
As can be seen from Table 2, in our simulations we do not see any power saving gain if only RLM and BFD measurements are relaxed. This is because the UE anyway measures RRM measurements during the SMTC window. As explained before, the same measurement is assumed to be used to evaluate also radio link and beam quality, so not doing this evaluation does not lead to power saving in our analysis. 
In the comparative results in Tables 3 as well as Figures 1, where RRM measurements are also relaxed, significant power saving gain can be observed. It is noted that power saving is obtained thanks to the skipping of the measurements itself and because this allows the UE to use a more energy efficient sleep state (e.g. deep sleep).
In addition to the results above applicable to an SMTC window offset of 10 ms, we have evaluated the impact on power saving with different SMTC window offsets related to the ON duration for the case with RLM, BFD and also RRM measurements relaxed. The results are shown in Figure 2.
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Figure 2: Power saving percentage with different SMTC offsets.
From Figure 2 it can be observed that SMTC offset has a significant impact on the power saving gain that can be achieved. When the SMTC window is located closer to the ON Duration, it results in a longer period where the UE has no activity, allowing the UE to sleep using more energy efficient sleep state (e.g. deep sleep), thereby saving power. Thus, performing measurements does not add significantly to the total energy consumption, which results in lower power saving gain with relaxation. On the contrary, if the SMTC window is located farther away from the ON duration, the periods where the UE has no activity are fragmented, which allows the UE to use only less efficient sleep states (light/micro sleep) in between the ON-duration and the SMTC window. Hence, performing measurements in this case contribute more significantly to the total energy consumption, and thereby the power saving gain by measurement relaxation is larger. 

Results with SMTC window inside the ON duration
Table 4: Simulation results for power saving percentage for RLM+BFD relaxation with SMTC window inside the ON duration.
	RLM+BFD relaxation for SSB-based RLM, BFD, L1-RSRP and RRM
SMTC window inside the ON duration
BW = 20 MHz; DRX cycle = 40 ms

	FTP3​
Power saving (%) vs. K=1​
	Relaxation Factor K​

	
	K=2​
	K=3 (2x1.5)​
	K=4​
	K=4.5 (3x1.5)​
	K=6 (4x1.5)​
	K=8​​
	K=12 (8x1.5)​

	W/o WUS​
	0​
	0​
	0​
	0​
	0​
	0​
	0​

	W/ WUS​
	0​
	0​
	0​
	0​
	0​
	0​
	0​



Table 5: Simulation results for power saving percentage for RLM+BFD+RRM relaxation with SMTC window inside the ON duration.
	RLM+BFD+RRM relaxation for SSB-based RLM, BFD, L1-RSRP and RRM
SMTC window inside the ON duration
BW = 20 MHz; DRX cycle = 40 ms

	FTP3​
Power saving (%) vs. K=1​
	Relaxation Factor K​

	
	K=2​
	K=3 (2x1.5)​
	K=4​
	K=4.5 (3x1.5)​
	K=6 (4x1.5)​
	K=8​​
	K=12 (8x1.5)​

	W/o WUS​
	5.8%
	7.7%
	8.6%
	8.9%
	9.6%
	10.1%
	10.5%

	W/ WUS​
	8.7%
	11.5%
	13.0%
	13.5%
	14.4%
	15.1%
	15.9%
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Figure 3: Power saving percentage with RLM+BFD+RRM relaxation with SMTC window inside DRX on duration.

Similarly to what was observed from Table 2, it can be seen also from Table 4, that in our simulations we do not see any power saving gain if only RLM and BFD measurements are relaxed. This is because the UE anyway performs RRM measurements during the SMTC window. As explained before, the same measurement is assumed to be used to evaluate also radio link and beam quality, so not doing this evaluation while still doing the measurement for RRM does not lead to power saving in our analysis.
In case the SMTC window falls inside the ON duration and we relax RRM measurements in addition to RLM and BFD, limited power saving gain can be obtained without WUS (<11 %) because the UE has to wake up anyway for monitoring the ON duration. Some power saving gain can still be obtained with WUS.
Summary of the power saving gains with SMTC outside DRX ON duration with an SMTC offset of 10ms from DRX ON as well as when SMTC window falls inside DRX ON duration is depicted in Figure 4.
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Figure 4: Power saving gain with RLM+BFD+RRM measurement relaxation.
No power saving gain can be observed in the simulation results when only RLM and BFD measurement relaxation is done.
By relaxing RLM/BFD and also RRM measurements, significant power saving gain can be observed in the simulation results, when the SMTC window is outside the ON duration.
SMTC window offset has a significant impact on the power saving gain that can be achieved with relaxed RLM+BFD+RRM measurements.
By relaxing RLF/BFD and also RRM measurements, when the SMTC window is inside the ON duration, limited power saving gain can be achieved without WUS, and somewhat larger gain can still be achieved with WUS.
As a conclusion we can observe that there is no power saving gain in relaxing RLM and BFD measurements alone, if RRM measurements are not relaxed as well. However, relaxation of RRM measurements is not part of the work item. RAN4 could therefore discuss whether to extend the study to include also RRM measurement relaxation.
Power saving gain can be achieved only if also RRM measurements are relaxed, which however is not part of the current WID.
Criteria for entering/exiting relaxed RLM/BFD measurements
Criteria for entering the relaxed RLM/BFD measurement mode
In the way forward [1], the following was agreed about the criteria to enter relaxed RLM/BFD measurement mode:
	Issue 2-3-2: Criteria which the UE is allowed to relax the RLM/BM requirements
· RAN4 to further study the criteria which the UE is allowed to relax the RLM/BM requirements, according to UE mobility and/or serving cell’s quality. 
· Note: The options discussed in RAN4 97e meeting are listed below for information. 
· Option 1: UE mobility 
· 1a: Low mobility criteria, e.g. R16 RRM relaxation criterion can be used as a starting point. 
· 1b: other solutions.
· Option 2: Serving cell’s quality (e.g. RSRP, SINR) 
· 2a: at-cell-center criteria, e.g. R16 RRM relaxation criterion can be used as a starting point. 
· 2b: the measured SINR is above one additional threshold (e.g. SINR > 2dB). 
· 2c: other solutions.



Low mobility criteria in addition to low DRX cycle length was already introduced as a relaxation criteria in the WID. Multiple mechanisms to determine UE can enter to the relaxed mode have been discussed and considered in RAN4. 
It would be preferable to use a simple condition for entering relaxed mode (or in general when UE can be considered to be in state/condition where it can relax its RLM/BFD measurements). As an example, if the UE has been under coverage of specific beams for certain period of time, it could be considered by the network to be stationary/low mobility UE. In similar manner the UE based condition to enter low mobility state could be based on same mechanism. As an example, if UE’s active TCI state for PDCCH does not change for specific time period, it could be allowed to adapt measurements.
Correspondingly, for a moving UE in an area which allows relaxed UE measurement, timer based approach prevents that the UE does not apply reduced measurements for a period of time after entering a given cell. This means that only after a given time period after entering a new cell the UE would be allowed to apply relaxed measurements. Such approach would ensure robust mobility for moving UEs while allowing non-moving UEs to perform relaxed measurements.
If UE is under coverage of a specific cell or beam for certain amount of time or certain observed conditions do not change for a predefined time, the UE could be considered to be in stationary/low mobility state.
Consider time associated with a given condition when determining UE mobility state. 
Of course, determining that UE has entered to low mobility state or not at cell edge is only one half of the equation. In addition to determining that UE has entered low mobility state (or when UE can consider itself being in low/stationary state), it should be possible to determine in robust manner that UE has ceased to be in ‘low mobility’ state or moved towards cell edge. In the next sub-section we discuss the criteria under which the UE should return back to normal measurements from the relaxed measurement mode.
Criteria for reverting back to normal measurements
In the way forward [1], the following FFS point and options were agreed related to the condition that would lead to the UE reverting back to normal (non-relaxed) RLM/BFD measurements: 
	Issue 2-4-1: Reverting to the normal RLM operation
The following options are FFS
· Option 1: The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 reverts to the normal RLM operation (i.e. without relaxation). 
· Other options are not precluded



If the UE is allowed to adapt its RLM/BFD measurements based on e.g. mobility state, and there is no or very little data activity, it may take a long time before network could identify that UE has ‘changed the mobility state’. If UE considers itself to be in low mobility state or not at cell edge and maintains reduced measurement activity, but has actually e.g. started to move, there could be negative implications to mobility (and also beam management) performance due to e.g. delays in measurements.
Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on e.g. ‘mobility’ state.
This “exit” condition should be defined at least for case when UE is autonomously determining the conditions when it can adapt the RLM/BFD measurements. 
If UE RLM/BFD measurement activity adaptation is supported, there should be robust mechanism enabling returning to normal measurement activity in order to avoid negative system impacts. 
When a UE is operating with relaxed RLM/BFD requirements, it is important that this operation does not impact the long-term UE performance related to RLF/BFD, since this would potentially increase the UE power consumption through the recovery procedures and/or negatively impact network performance parameters. Hence, when performing relaxed RLM/BFD operation, it could be considered whether UE would use the normal configured values for e.g., RLM, or whether some parameters should be adapted/changed for the relaxed operation. That is, the UE should potentially apply different values for the RLM parameters. I.e. N310/N311 values could be different from the N310/N311 values that are used for normal RLM operation. By applying for example different N310/N311 values in relaxed RLM mode, it is possible to try to compensate for the negative implications to the system performance.
When operating in relaxed RLM/BFD mode, there could be alternate values for related parameters such has values for N310/N311.
In any case, like discussed above, there should be robust mechanisms to ‘exit’ from relaxed mode i.e. fallback to normal measurement operation. I.e. when the UE detects problem with radio link quality such as out-of-synch indication or beam failure instance indication, it should revert back to normal measurement operation to monitor the link to ensure timely link recovery mechanism initialization, if needed. 
Observed link quality degradation should cause the UE to revert back to normal measurement operation.
Conclusion
In this contribution we have analysed the power saving impact of relaxed RLM, BFD and additionally also RRM measurements.
Based on our simulation results, we have made the following observations:
1. No power saving gain can be observed in the simulation results when only RLM and BFD measurement relaxation is done.
By relaxing RLM/BFD and also RRM measurements, significant power saving gain can be observed in the simulation results, when the SMTC window is outside the ON duration.
SMTC window offset has a significant impact on the power saving gain that can be achieved with relaxed RLM+BFD+RRM measurements.
By relaxing RLF/BFD and also RRM measurements, when the SMTC window is inside the ON duration, limited power saving gain can be achieved without WUS, and somewhat larger gain can still be achieved with WUS.
Power saving gain can be achieved only if also RRM measurements are relaxed, which however is not part of the current WID.
Additionally, we have discussed the enter and exit criteria for the UE entering relaxed measurement mode. Based on the discussion we have made following observations and proposals:
If UE is under coverage of a specific cell or beam for certain amount of time or certain observed conditions do not change for a predefined time, the UE could be considered to be in stationary/low mobility state.
1. Consider time associated with a given condition when determining UE mobility state. 
Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on e.g. ‘mobility’ state.
If UE RLM/BFD measurement activity adaptation is supported, there should be robust mechanism enabling returning to normal measurement activity in order to avoid negative system impacts. 
When operating in relaxed RLM/BFD mode, there could be alternate values for related parameters such has values for N310/N311.
[bookmark: _GoBack]Observed link quality degradation should cause the UE to revert back to normal measurement operation.
References
[1] R4-2017269, WF on NR UE Power Saving Enhancements, MediaTek inc., 3GPP TSG-RAN WG4 Meeting #97e, Electronic Meeting, 2-13 Nov., 2020.
[2] R4-2017306, Evaluation assumptions for R17 RLM/BFD relaxation, vivo, MediaTek, 3GPP TSG-RAN WG4 Meeting #97-e, Electronic Meeting, 2-13 Nov., 2020.




image1.png
Energy saving (%)

40,0

35,0

30,0

25,0

20,0

15,0

10,0

50

0,0

SSB-based RLM+BFD+RRM relaxation
FTP3; 20MHz; SMTC window offset to ON-Duration=10ms

37,9
36,2
34,5

32,5
32,2 310
29,5

31,0

20,7
17%7

2 3 4 45 6 8 12
Relaxation Factor K

w/WUS
——w/oWUs




image2.png
Energy saving (%)

0

100

00

S5B-based RLV+BFD+RRM relaxation
No WUS; 20 MHz; SMTC window outside DRX On-Duration

10 0 0 B
SMTC window offset to On-Duration (ms)

Energy saving (%)

0

100

00

S5B-based RLV+BFD+RRM relaxation
WUS; 20 MHz; SMTC window outside DRX On-Duration

s 10 2 0
SMTC window offset to On-Duration (ms)

B




image3.png
Energy saving (%)

18,0

16,0

14,0

12,0

10,0

80

60

4,0

20

00

SSB-based RLM+BFD+RRM relaxation
FTP3; 20MHz; SMTC window inside On-Duration

15,9
15,1

2 3 4 45 6 8 12

Relaxation Factor K

——w/ WUS

—=—w/o WUS




image4.png
Energy saving (%)

200

30

300

50

200

150

100

50

00

SSB-based RLM+BFD+RRM relaxation

FTP3; 20MHz

7.9 79
362

2 3 4 s 5 s »
Relaxation Factor K

—4—w/ WUS - SMTC offset to On-Duratio

oms.

—+— /o WUS - SMITC offset to On-Duration =10ms.
4w WUS -SMTC inside On-Duration

—8—w/o WUS - SMTCinside On-Duration




