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[bookmark: _Ref47278890]1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RANP #88-e meeting, a new Work Item of “R17 UE power saving enhancements” has been approved [1]:
	The following objective are considered in this WI:
(1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a. Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b. Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


[bookmark: _Ref32352040]Besides, in RAN4 #97 meeting [2], the agreed work plan of #98e meeting are also listed as follows:
	· 3GPP RAN4 #98e meeting (January, 2021, Study phase)
· Calibration on the evaluation results for RLM/BFD measurement relaxation
· Identify effective and feasible relaxation methods 
· Study the corresponding criteria or conditions for UE to enter the relaxation mode



In order to save power consumption for the connected-mode UE and in the meanwhile to guarantee the RLM/BFD performance, comprehensive evaluations are needed. In this paper, the RLM/BFD relaxed measurement is only considered in the scenarios that UE speed is low and SINR is higher than Qout such that RLF will not be triggered. Based on power saving gain and SINR variation analysis, the benefit and feasibility of relaxed RLM/BFD measurement are studied. 
2	UE Power Saving Gain
The total UE power consumption, including recommended Rel-15 / 16 features listed in RAN1 LS [4] and L3 RRM measurement, is evaluated in this section. In addition to the basic agreed assumptions [3], we also assume that   
· average UE power consumption is obtained with 
· timing distance between SMTC window and WUS occasion are randomly distributed
· timing distance between SMTC window and DRX on occasion are randomly distributed
· for SSB based RLM relaxation,
· In FR1, Psharing factor =1,
· In FR2, RLM-RS resource is overlapped with the SSB symbols indicated by 
SSB-ToMeasure and Psharing factor =3
· SMTC periodicity = 20ms
· for CSI-RS based RLM relaxation,
· CSI-RS RLM measurement is conducted within DRX on duration
· CSI-RS RLM measurement resource is fully non-overlapped with RRM measurement resource
· CSI-RS periodicity = 20ms
· for L3 RRM measurement,
· measurement samples can be reduced under the condition, e.g., high SINR and low UE mobility, such that measurement accuracy will still comply with RAN4 requirement
· time gap between any 2 RRM measurement samples should be no longer than 160ms, considering the AGC gain tracking performance

[UE power consumption]
Here, we list the evaluation results with 40ms DRX cycle length. In FR1, as shown in Figure 1 and Figure 2, the UE power saving gain can be up to 15%~26% when the scaling factor K=4 is applied. For the evaluation results in FTP model 3, comparing with scenario when PDCCH-WUS is configured, the power saving gain is not so significant when PDCCH-WUS is not configured. This is because the PDCCH monitoring can’t be skipped in this setting even though there is no data to be received (the mean inter-arrival time is 200ms). Therefore, the power consumption difference between Rel-15 RLM measurement method and Rel-17 relaxed RLM measurement method is relatively small. In the meanwhile, UE can only monitor WUS and stay sleep in the DRX on duration when PDCCH-WUS is configured, so the power consumption difference between Rel-15 RLM measurement method and Rel-17 relaxed RLM measurement method is relatively large. For the evaluation results in VoIP, we see similar power saving gain between scenario with PDCCH-WUS and scenario without PDCCH-WUS. This is because UE nearly has to wake up for each DRX on duration in this VoIP traffic models. 

[bookmark: _Ref54208407][image: ]
[bookmark: _Ref54190516]Figure 1: UE power saving gain of SSB based RLM relaxation in FR1 
[image: ]
[bookmark: _Ref61291090]Figure 2: UE power saving gain of CSI-RS based RLM relaxation in FR1

In FR2, as shown in Figure 4, the UE power saving gain can be up to 13%~27% when the scaling factor K=4 is applied in the CSI-RS based RLM measurement. In the SSB based RLM measurement, the SMTC occasions sharing between layer 1 and layer 3 measurement should be considered. In order to guarantee the AGC gain performance, we assume that timing distance between 2 RRM measurement samples is less than 160ms. Therefore, the scaling factor is limited and only K=2 can be applied.
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[bookmark: _Ref61295716]Figure 3: UE power saving gain of SSB based RLM relaxation in FR2 
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[bookmark: _Ref61295719]Figure 4: UE power saving gain of CSI-RS based RLM relaxation in FR2

The detail power state assumptions and corresponding relaxed measurement scheduling can be found in Appendix. We have following observation and proposal.
[bookmark: _Ref61370190]Observation 1: Ranged from 8% to 27% UE power saving gain can be obtained for scenarios SSB-based RLM/BFD measurement and CSI-RS based RLM/BFD measurement in both FR1 and FR2
[bookmark: _Ref61370236]Proposal 1: RAN4 to confirm that from UE power saving gain perspective, it is beneficial to relax SSB-based RLM/BFD measurement and CSI-RS based RLM/BFD measurement in both FR1 and FR2 
3	RLM/BFD performance impact
To study the system impact of relaxed RLM/BFD measurements, the following performance metrics are agreed in RAN4 #97-e meeting:  　 
	Issue 2-2-2: Evaluation metrics, system impact aspects
· Study the system impact of relaxed RLM/BFD measurements, taking in to account the following evaluation metrics: 
· increased latency in RLF triggering (for RLM)
· increased latency in beam failure detection and the initiation of beam recovery procedure (for BFD)
· Delta SINR as one of the performance statistic to evaluate the RLM/BFD performance impact



Based on the agreed SLS assumptions [3], we analyze the delta SINR ∆𝑆𝐼𝑁𝑅 (𝑖) to determine the minimum SINR threshold for UE to enter the power saving mode. The ∆𝑆𝐼𝑁𝑅 (𝑖) is the estimated SINR difference that UE obtains by adopting Rel-15 baseline measurement and Rel-17 relaxed measurement, detail can be found in Appendix and our previous paper [5]. Other basic assumptions are:   
· UE is only allowed to conduct relaxed RLM/BFD measurement when UE speed is low and SINR is high
· SINR should be larger than following minimum SINR threshold
　max (|negative ΔSINR @1% cdf |, | positive ΔSINR @99% cdf |) + Qout (Qout,LR)+ 2dB 

· additional 2dB margin is introduced to make SINR higher than Qout and make RLF unlikely to be triggered.
· Qout = -10 dB for RLM and Qout,LR = -6 dB for BFD 
· at least 98% confidence level is adopted to minimize the false alarm and/or miss detection rate　　
· Increased latency in RLF triggering, beam failure detection and the initiation of beam recovery procedure depends on the value of scaling factor K, subject to probability less than 2%.

As explained, the probability of false alarm and/or miss detection rate can be reduced if minimum SINR threshold is high enough. That is to say, the average increased latency can be controlled by increasing the minimum SINR threshold for UE to enter the relaxed measurement scheme and adopting small scaling factor for UE to extend the evaluation period. Even though we do not simulate the increased latency, we can still estimate the corresponding values. For example, if 98% confidence level and K=2 are selected, when N310 is 1 and T310 timer is 0, the average increased latency for SSB-based RLM in 40ms DRX cycle length will be only 8ms. The corresponding value is derived as follows:　 

[bookmark: _Ref61370191]Observation 2: Average increased latency in RLF triggering, beam failure detection and the initiation of beam recovery procedure can be controlled by selecting proper minimum SINR threshold for UE to enter the relaxed measurement scheme and proper scaling factor for UE to extend the evaluation period. 

Based on the aforementioned observation, we believe that theoretically the delta SINR evaluation is representative for the system impact of RLM/BFD measurement relaxation. Therefore, we simulate the SINR variation caused by large scaling fading through the system level simulation (SLS), and decide the corresponding maximal scaling factor K that can be applied.

[Maximal scaling factor K determined by SINR variation simulation results]
The evaluation results with 40ms DRX cycle length are shown in this section. The evaluation samples for different RS resources are listed in Table 1.
[bookmark: _Ref61362340]Table 1: Sample number for RLM/BFD measurement
	
	RLM
	BFD

	SSB-based
	10 samples
	5 samples

	CSI-RS-based 
	20 samples
	10 samples



Given particular UE speed and SINR value, the maximal scaling factor K that can be achieved is listed. In FR1, as shown in Figure 5 and Figure 6, UE is allowed to perform the layer 1 measurement with evaluation period extended at least for 4 times when minimum SINR for UE to start relaxed measurement ≥ 4dB and UE speed ≤ 30km/hr. 
[bookmark: _Ref61370192]Observation 3: In FR1, evaluation period for SSB-based RLM/BFD measurement and CSI-RS based RLM/BFD measurement can be extended at least for 4 times when minimum SINR for UE to start relaxed measurement ≥ 4dB and UE speed ≤ 30km/hr
[bookmark: _Ref61370238]Proposal 2: RAN4 to confirm that from system impact perspective, SSB-based RLM/BFD and CSI-RS based measurement relaxation in FR1 are feasible for low mobility and high SINR UE.
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[bookmark: _Ref61362729]Figure 5: Maximal scaling factor K that can be applied for SSB based RLM/BFD relaxation in FR1 
[image: ]
[bookmark: _Ref61362732]Figure 6: Maximal scaling factor K that can be applied for CSI-RS based RLM/BFD relaxation in FR1

In FR2, for SSB based RLM/BFD measurement, relaxed measurement is not suggested with mobility because the number of RX beams, i.e. N=8, also needs to be considered in this scenario. UE can’t guarantee the ACG gain performance in this scenario even for the case K=2. For CSI-RS based RLM/BFD measurement, as shown in Figure 7, UE is allowed to perform the layer 1 measurement with evaluation period extended at least for 2 times when minimum SINR for UE to start relaxed measurement ≥ 8dB and UE speed ≤ 30km/hr. Comparing with FR1, larger SINR variation is observed in FR2. 
[bookmark: _Ref61370194]Observation 4: In FR2, evaluation period for CSI-RS based RLM/BFD measurement can be extended at least 2 times when minimum SINR for UE to start relaxed measurement ≥ 8dB and UE speed ≤ 30km/hr

[bookmark: _Ref54208389][image: ]
[bookmark: _Ref61368567]Figure 7: Maximal scaling factor K that can be applied for CSI-RS based RLM/BFD relaxation in FR2

Based on the above simulation results, we have following proposals
[bookmark: _Ref61612982]Proposal 3: RAN4 to confirm that from system impact perspective, CSI-RS based RLM/BFD measurement relaxation in FR2 are feasible for low mobility and high SINR UE.
[bookmark: _Ref61610544]Proposal 4: RAN4 to further study from system impact perspective, the feasibility for SSB-based RLM/BFD measurement relaxation in FR2 for stationary and high SINR UE  
[bookmark: _Ref61370239]Proposal 5: RAN4 to specify that RLM/BFD measurement relaxation when UE speed is low and SINR is high.
4	Summary
In this contribution, we have the following observations:
Observation 1: Ranged from 8% to 27% UE power saving gain can be obtained for scenarios SSB-based RLM/BFD measurement and CSI-RS based RLM/BFD measurement in both FR1 and FR2
Observation 2: Average increased latency in RLF triggering, beam failure detection and the initiation of beam recovery procedure can be controlled by selecting proper minimum SINR threshold for UE to enter the relaxed measurement scheme and proper scaling factor for UE to extend the evaluation period
Observation 3: In FR1, evaluation period for SSB-based RLM/BFD measurement and CSI-RS based RLM/BFD measurement can be extended at least for 4 times when minimum SINR for UE to start relaxed measurement ≥ 4dB and UE speed ≤ 30km/hr
Observation 4: In FR2, evaluation period for CSI-RS based RLM/BFD measurement can be extended at least 2 times when minimum SINR for UE to start relaxed measurement ≥ 8dB and UE speed ≤ 30km/hr

And we propose
Proposal 1: RAN4 to confirm that from UE power saving gain perspective, it is beneficial to relax SSB-based RLM/BFD measurement and CSI-RS based RLM/BFD measurement in both FR1 and FR2
Proposal 2: RAN4 to confirm that from system impact perspective, SSB-based RLM/BFD and CSI-RS based measurement relaxation in FR1 are feasible for low mobility and high SINR UE
Proposal 3: RAN4 to confirm that from system impact perspective, CSI-RS based RLM/BFD measurement relaxation in FR2 are feasible for low mobility and high SINR UE.
Proposal 4: RAN4 to further study from system impact perspective, the feasibility for SSB-based RLM/BFD measurement relaxation in FR2 for stationary and high SINR UE  
Proposal 5: RAN4 to specify that RLM/BFD measurement relaxation when UE speed is low and SINR is high
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[bookmark: _Ref61295182]Appendix 
[Power state assumption]
Corresponding power states are listed as follows: 
[image: ]
Figure 8: Power state assumption in FR1
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Figure 9: Power state assumption in FR2
[Evaluation assumption for power saving gain]
Scheduling of relaxed measurement schemes are shown as follows: 

[image: ]
Figure 10: Power saving gain evaluation assumption in FR1
[image: ]
Figure 11: Power saving gain evaluation assumption in FR2


[SINR variation]
Delta SINR is the estimated SINR difference that UE obtains by adopting Rel-15 baseline measurement and Rel-17 relaxed measurement. If we take Rel-15 RLM as an example, during the overall evaluation period, UE averages the SINR of N samples. The similar way can also be applied in Rel-17, the only difference is that the time interval between each sample should be further multiplied with K, where K is the scaling factor that needs to be determined through the SLS evaluation. The detail formula is shown as follows, where  is the SINR sample obtained at time .

Below we provide an example of Rel-17 relaxed method with N=10 and K=2. If we would like to obtain the averaged SINR value in the time index 19: 
· for Rel-15 baseline method, samples with indices 10 to 19 will be used; 
· for Rel-17 relaxed method, samples with indices 1, 3, 5… to 19 will be used.
[image: ]
Figure 12: Example of relaxed method with N=10 and K=2
How can we justify the performance of relaxed method based on this performance metric? The analysis of the consequences of under-estimation and over-estimation for Rel-17 relaxed method would be helpful. As shown in Figure 13, while Rel-17 relaxed method is adopted, there might exist under-estimation problem and over-estimation problem. 
· Under-estimation (false alarm):
It happens when the averaged SINR value obtained from Rel-15 method is actually higher than Qout, but UE wrongly thinks that the averaged SINR is lower than Qout just because it applies the Rel-17 relaxed method. The delta SINR will be a negative value and it will cause a false alarm. UE might trigger the RLF too early.
· Over-estimation (miss detection):
It contrast, when the averaged SINR value obtained from Rel-15 method is actually lower than Qout, but UE wrongly thinks that the averaged SINR is higher than Qout just because it applies the Rel-17 relaxed method. The delta SINR will be a positive value and it will cause a miss detection. UE might trigger the RLF too late.

[image: ]
[bookmark: _Ref54191354]Figure 13: consequences of under-estimation and over-estimation for Rel-17 relaxed method

To avoid the false alarm and/or miss detection, one simple way that can be considered is to set an SINR threshold for UE to enter the power-saving mode. If UE is only allowed to conduct relaxed RLM/BFD measurement when its SINR is larger than an allowed margin plus Qout
max (|negative ΔSINR |, | positive ΔSINR |) + Qout,
we can theoretically guarantee that the Rel-17 method will have the same performance as the Rel-15 method. Besides, based on this assumption, there is no need to further consider the Qin. False alarm or mis-detection on Qin is not a problem if it is guaranteed that UE never has a chance to indicate Qout. 
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