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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) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b. Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
(2) 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]In this paper, we would like to discuss the candidate schemes and evaluation methodology for RLM/BFD measurement relaxation. Preliminary evaluation results of power saving gain and delta SINR are also provided. Furthermore, the SLS assumptions are listed in the appendix.
2	Issues to be studied in the first meeting 
According to the proposed work plan in our other paper [2], in this meeting we would like to focus on the following 2 issues:
· Candidate schemes: Study effective and feasible relaxation method(s)
· Evaluation methodology: Determine SLS assumption and performance metric

[Candidate schemes]
Currently, there are 2 possible relaxed schemes that we can think about. The first one is to reduce measurement resources, and the second one is to relax evaluation period. An example for reduced measurement resources is: within all configured RLM/BFD resources, UE only measures the one associated with the active TCI-state. However, according to the current spec, this method is already supported, e.g., CSI-RS based RLM/BFD measurement. Network can reduce the number of resources anytime when they think that UE power saving is necessary. It seems to us that no spec change is needed. Therefore, we prefer more to study the relaxed evaluation period method. It is very similar to the IDLE mode power-saving scheme and RAN4 already has a lot of experience in the related discussions.
[bookmark: _Ref54208407]Proposal 1: RAN4 to prioritize the extended evaluation period method for RLM/BFD measurement relaxation

[Evaluation methodology]
In the Rel-16 IDLE mode power-saving discussion, RAN4 did not have sufficient time to calibrate the SLS simulation results and to deliberate the methodology of determining the appropriate scaling-up factors under different relaxation criteria configured by Network. Therefore, we hope that in Rel-17, RAN4 can start the study from the most fundamental discussion, i.e., the SLS assumptions and performance metric. 
For the SLS assumptions, we adopt the IMT 2020 setting specified in TS37.910. In order to evaluate the extended evaluation period impact on RLM/BFD performance, it is very important to analyze the large-scaling SINR variation when the UE is moving. The so-called bouncing circle UE trajectory is applied to simulate the UE mobility behavior. Besides, considering that WID focuses on low mobility and short DRX periodicity/cycle, so following UE speeds and DRX cycles are simulated:
· Speed: 3km/hr, 30km/hr, 70km/hr
· DRX cycle: 20ms, 40ms
We also assume that the time interval between each RLM/BFD sample is 1 DRX cycle in FR1 and 8 DRX cycle in FR2. Other details settings can be found in the appendix part.
As for the evaluation metric, we think that we can analyze the efficacy of relaxation from two aspects: the UE power saving gain and the SINR variation. The details can be found in the next section and we propose
[bookmark: _Ref54208409]Proposal 2: RAN4 to discuss the evaluation methodology for RLM/BFD measurement relaxation and determine SLS assumption and performance metric in RAN4#97e meeting  
[bookmark: _Ref54355638]Proposal 3: RAN4 to adopt the IMT 2020 setting specified in TS37.910 as the SLS assumption to evaluate the extended evaluation period impact on RLM/BFD performance
3	Evaluation metric and results
[UE Power Saving Gain]
We provide the following power consumption analysis results based on settings in TR38.840 and the updated agreement sent from RAN1 in the last meeting [3]. UE power consumption of relaxed RLM/BFD measurement with scaling factors 2, 4, and 8 are compared with that of rel-15 baseline method. As shown in the left hand side of Figure 1, with relaxed evaluation period UE can skip some SSB samples without switching on the RF/baseband modules. On the right hand side of Figure 1, we can see that if the evaluation period can be scaled up to 8 times, the power saving gain will be more significant. It saves approximately 15.8% power consumption in FR2 and 12.6% power consumption in FR1. 
[image: ]
[bookmark: _Ref54190516]Figure 1: (a) Measurement period for relaxed method, (b) Corresponding UE power consumption 

[bookmark: _Ref54208386]Observation 1: UE power saving gain will be more significant if the evaluation period can be extended and scaled up to 8 times
[bookmark: _Ref54208410]Proposal 4: RAN4 to study the relaxation method based on UE power saving gain with the setting in TR38.840 and LS R1-2007419

[SINR variation]
Now we know how much UE power can be saved when the evaluation period can be extended. The next fundamental issue to be studied is: how can we guarantee that the relaxed evaluation period will not impact the conventional RLM/BFD performance? 
A newly defined performance metric, delta SINR, is proposed. Delta SINR is the ideal 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 10 samples, and the time interval between each sample is assumed as 1 DRX cycle in FR1, 8 DRX cycle in FR2. 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 ideal sample obtained at time .

Below we provide an example of Rel-17 relaxed method with 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 2: Example of relaxed method with K=2
Assume that delta SINR is agreeable, then 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 3, while Rel-17 relaxed method is adopted, there might exist under-estimation and over-estimation problems. 
· 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.
To avoid the false alarm and/or miss detection, one simple way that can be adopted 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. Based on the aforementioned descriptions, we have the following observation and proposal
[bookmark: _Ref54208389]Observation 2: Delta SINR can be used to justify whether the Rel-17 method has the same performance as the Rel-15 method
[bookmark: _Ref54208411]Proposal 5: RAN4 to apply delta SINR as one of the performance statistic to evaluate the RLM/BFD performance impact, where delta SINR is the difference between the averaged SINR sampled with Rel-15 baseline UE behavior and Rel-17 relaxed UE behavior 
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[bookmark: _Ref54191354]Figure 3: consequences of under-estimation and over-estimation for Rel-17 relaxed method

Below we show the preliminary evaluation results. In Figure 4, CDF curves of delta SINR when K equals to 2, 4, and 8 are compared. The Delta SINR values at 1 % and 99% are listed in the first table, and the Delta SINR values at 5 % and 95% are listed in the second table. The corresponding meanings of these two tables are: for the upper one, we have 98% confidence that the Rel-17 method has the same performance as the Rel-15 method; for the lower one, we have 90% confidence that the Rel-17 method has the same performance as the Rel-15 method. In Figure 5, CDF curves of delta SINR at different UE speeds 3km/hr, 30km/hr, and 70km/hr are compared. It is obvious that the span of delta SINR increases when UE moves fast. Here, it must be noted that how much confidence level should be adopted in the evaluation still needs to be discussed
[bookmark: _Ref54208413]Proposal 6: RAN4 to determine the confidence level applied in the evaluation of delta SINR
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[bookmark: _Ref54195001]Figure 4: CDF of delta SINR @ K= 2, 4, 8 and UE speed 3km/hr
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[bookmark: _Ref54195313]Figure 5: CDF of delta SINR @ K=8 and UE speed 3km/hr, 30km/hr, 70km/hr
Based on previous evaluation results, we can conclude that both UE speed and serving cell SINR have impact on determining the maximum scaling factor that UE can apply. Here, we provide an example of the possible relaxation principles. In Table 1, 3 candidate minimum SINR threshold which equals to the allowed margin plus Qout are listed
  Minimum SINR threshold = max (|negative ΔSINR |, | positive ΔSINR |) + Qout
Given particular minimum SINR threshold and UE speed, according to the SLS evaluation results, the corresponding maximum scaling factor that UE can apply are given in the table. As shown in this table, as long as UE serving cell SINR is higher than 6dB, even though the UE speed is as high as 70km/hr, UE may still extend the evaluation period to 8 times. We can theoretically guarantee the UE RLM/BFD performance, if UE does follow the relaxation principles listed in this table. 

[bookmark: _Ref54205849]Table 1: Maximum scaling factor K that UE can be apply
	Minimum SINR threshold for UE to start the Rel-17 relaxed measurement
	Allowed margin 
max (|negative ΔSINR |, | positive ΔSINR |) 
within CDF@5% to 95%
	3km/hr
	30km/hr
	70km/hr

	6dB
	16dB
	K=8
	K=8
	K=8

	1dB
	11dB
	K=8
	K=8
	K=4

	-3dB
	7dB
	K=4
	K=4
	K=2



[bookmark: _Ref54208414]Proposal 7: RAN4 to collect the SLS evaluation results and determine the scaling factor that UE can apply under different UE mobility and serving cell SINR in RAN4#98e  
4	Summary
In this contribution, we have the following observations:
Observation 1: UE power saving gain will be more significant if the evaluation period can be extended and scaled up to 8 times
Observation 2: Delta SINR can be used to justify whether the Rel-17 method has the same performance as the Rel-15 method
And we propose
Proposal 1: RAN4 to prioritize the extended evaluation period method for RLM/BFD measurement relaxation
Proposal 2: RAN4 to discuss the evaluation methodology for RLM/BFD measurement relaxation and determine SLS assumption and performance metric in RAN4#97e meeting 
Proposal 3: RAN4 to adopt the IMT 2020 setting specified in TS37.910 as the SLS assumption to evaluate the extended evaluation period impact on RLM/BFD performance
Proposal 4: RAN4 to study the relaxation method based on UE power saving gain with the setting in TR38.840 and LS R1-2007419
Proposal 5: RAN4 to apply delta SINR as one of the performance statistic to evaluate the RLM/BFD performance impact, where delta SINR is the difference between the averaged SINR sampled with Rel-15 baseline UE behavior and Rel-17 relaxed UE behavior
Proposal 6: RAN4 to determine the confidence level applied in the evaluation of delta SINR
Proposal 7: RAN4 to collect the SLS evaluation results and determine the scaling factor that UE can apply under different UE mobility and serving cell SINR in RAN4#98e 
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The main purpose of the scenario is to simulate the movements of UEs. Currently the UE trajectory is generated by the bouncing circle strategy. It start from the UE position, and move forward to the direction opposite to the BS. After hitting the bouncing circle or the distance between UE and any BS is less than the minimum distance, the UE will randomly pick a new direction to move. The following figure shows the trajectory generated by the bouncing circle. The following Figure 6 shows an example of generated UE trajectory.
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[bookmark: _Ref54183324][bookmark: _Toc45554971]Figure 6: Bouncing circle UE trajectory

As for the simulation parameter settings, we basically follow the IMT 2020 setting specified in TS37.910. However, there still exist some difference parts listed in below Table 2 and Table 3. 









[bookmark: _Ref54183659][bookmark: _Ref54355373]Table 2: System level evaluation assumptions for mobility specific parameters
(simplified based on TR 36.839)
	Parameters
	Dense urban

	UE Speed
	3 km/h, 30km/h, 70km/h, 120km/h

	TimeToTrigger [ms]
	160

	a3-offset [dB]
	2 

	Layer3 Filter Parameter K
	1

	Handover preparation (decision) delay [ms]
	50

	Handover execution time [ms]
	40

	Handover Margin [dB]
	0

	qIn [dB]
	-1.5

	qOut [dB]
	-10

	T310 [ms]
	1000

	N310
	1

	T311
	Not used for calibration (since RLF recovery is not simulated in the calibration)

	N311
	1

















[bookmark: _Ref54183673]Table 3: System level evaluation assumptions for Dense urban
(simplified based on Table A.2.1-1 in TR 36.802)
	Parameters
	Dense urban

	Layout
	Single layer:
Hex. Grid

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz and 30GHz

	System bandwidth
	4GHz: 10MHz 
30GHz: 80MHz

	Channel model
Note: other channels are not precluded
	Below 6GHz: 3D UMa (Macro layer) 
Above 6GHz: 5GCM UMa (Macro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	BS Tx power 
	4GHz: 41 dBm
30GHz: 37 dBm

	UE Tx power 
	4GHz: 23dBm
30GHz: 23dBm

	BS antenna configuration
(M,N,P,Mg,Ng)
	4GHz: (M,N,P,Mg,Ng) = (8,8,2,1,1)
30GHz: (M,N,P,Mg,Ng) = (4,8,2,1,1)

	BS antenna configuration
 (dH,dV,dH,g,dV,g)
	4GHz: (dH,dV) = (0.5, 0.8)λ
30GHz: (dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	Number of BS beam for SS blocks for 30GHz

	Scenario: (M,N,P,Mg,Ng) = (4,8,2,1,1)
Number of control beams in V-dimension: 2
Number of control beams in H-dimension: 16
Number of Beams: 32

	BS antenna height 
	25m 

	BS antenna element radiation pattern
	4GHz: According to TR36.873
30GHz: According to TR38.802

	BS receiver noise figure
	4GHz: 5dB
30GHz: 7dB 

	UE  antenna configuration
 (M,N,P,Mg,Ng)
	4GHz: (M,N,P,Mg,Ng) = (1,2,2,1,2)
30GHz: (M,N,P,Mg,Ng) = (1,2,2,1,2)

	Number of UE beam for SS blocks for 30GHz
	Scenario: (M,N,P,Mg,Ng) = (1,2,2,1,2)
Number of angles in V-dimension: 1
Number of angles in H-dimension: 2

	UE antenna height
	1.5m 

	UE antenna element radiation pattern
	4GHz: Omnidirectional
30GHz: According to TR38.802

	UE receiver noise figure
	4GHz: 7dB
30GHz: 10dB 
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