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Introduction
[bookmark: _Hlk67924648]In this contribution we provide simulation results to further study the acceptable relaxation factor, K , based on the impact in UE’s performance. Further analysis of the results is given in our companion contribution in [2].  

[bookmark: _Hlk67924901]System level performance simulations
[bookmark: _Hlk67924775]Evaluation assumptions for system level study
System simulations in this paper are done applying the major part of the parameters and assumptions agreed in [2]. Additional and different parameters values as given in Table 6.
[bookmark: _Ref61537035]Table 1: Additional system simulation parameters.
	Parameters
	Values

	Relaxation factor (K)
	2, (3), 4, 8


	Environment
	Urban Micro cellular with 7 gNBs 3 sectors, 
200 meters ISD.  
3D UMi channel model TR 38.901

	DRX
	Long cycle: 80 TTIs (40 ms); 
on Duration: 8 TTIs (4 ms); 
inactivity time: 8 TTIs (4 ms); 
no short DRX

	Traffic
	FTP3 model: average inter-arrival: 50 ms; 
packet size: 0.1 Mbytes

	Mobility
	105 UEs moving in random direction, wrap around in the area of 528 m * 460 m

	RLM/BFD
	T_Evaluation_Period = acc. To Rel15/Re.16 requirements,
Resource type: CSI-RS

	Beam Management
	L1 RSRP Measurement interval: 40 ms, 
Resource type: SSB; 

	RRM Measurement
	Measurement interval: 40 ms; 
Resource type: SSB;




Additional delay in RLF triggering
The additional delay in RLF triggering was used as a metric to determine the maximum allowed relaxation scaling factor, K, to ensure RRC connection robustness.
It is assumed that the relaxation factor is applied to the evaluation period, TEvaluate_out_SSB, for RLM measurements as specified in TS 38.133 tables 8.1.2.2-1, 8.1.2.2-2, 8.1.3.2-1, and 8.1.3.2-2, for SSB based and CSI-RS in FR1 and FR2. E.g. the SSB-based RLM evaluation period TEvaluate_out_SSB_relaxed is given by Max(200, Ceil(10 x 1.5 x K x P) x Max(TDRX,TSSB)) in FR1 and Max(200, Ceil(10 x 1.5 x K x P x N) x Max(TDRX,TSSB)) in FR2. 
This metric largely depends on UE implementation aspects such as how sampling is done and when the RLM measurement relaxation mode is exited. An SSB period of 10 ms and CSI-RS period of 5ms is considered in the calculations.
Case 1:
· Relaxation is exited upon the 1st sample observed with Qout occurrence 
· The UE is not averaging samples for OoS evaluation taken during relaxation with the ones taken without relaxation.
In this case the maximum delay depends on the DRX cycle and relaxation factor K, and is equal to K x TDRX. This case is illustrated in Figure 3 for K=2.

[image: ]
[bookmark: _Ref85040619]Figure 3: Illustration of delay of 1st Qout occurrence if relaxation is exited at 1st Qout.

Table 3: Maximum additional delay in RLF when relaxation is exited at the first Qout occurrence.
	K \ DRX cycle
	RLF delay [ms] = K*T_DRX

	
	20 ms
	40 ms
	80 ms

	2
	40
	80
	160

	4
	80
	160
	320

	8
	160
	320
	640


 
1. In case the UE exits the relaxation mode at the first Qout occurrence, the maximum RLF delay is directly proportional to the relaxation factor and the DRX cycle.

Case 2:
· Relaxation is exited upon the 1st OoS indication to higher layers
In this case the maximum delay depends on the TEvaluate_out and the relaxation factor K, and is equal to (K-1) x TEvaluate_out. This case is illustrated in Figure 4 for K=2.
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[bookmark: _Ref85040676]Figure 4: Illustration of delay in 1st OoS indication, if relaxation is exited at 1st OoS.

Table 4: Maximum additional delay in RLF for SSB based relaxation in FR1 / FR2 when relaxation is exited at first OoS indication.
	
K \ DRX cycle
	RLF delay [ms] = (K-1)*T_evaluate_out

	
	20 ms
	40 ms
	80 ms

	2
	300 / 2,400
	600 / 4,800
	1,200 / 9,600

	4
	900 / 7,200
	1,800 / 14,400
	3,600 / 28,800

	8
	2,100 / 16,800
	4,200 / 33,600
	8,400 / 67,200



Table 5: Maximum additional delay in RLF for CSI-RS based relaxation in FR1 / FR2 when relaxation is exited at first OoS indication
	K \ DRX cycle
	RLF delay [ms] = (K-1)*T_evaluate_out

	
	20 ms
	40 ms
	80 ms

	2
	600 / 4,800
	1,200 / 9,600
	2,400 / 19,200

	4
	1,800 / 14,400
	3,600 / 28,800
	7,200 / 57,600

	8
	4,200 / 33,600
	8,400 / 67,200
	16,800 / 134,400



1. In case the UE exits the relaxation mode at the first OoS indication to higher layers, the maximum RLF delay is directly proportional to the relaxation factor and the OoS evaluation period.
Other system level performance metrics
Simulation results
Earlier simulation studies showed that power saving gain is only achieved if RRM measurements are also relaxed together with RLM and BFD, but it is left up to UE implementation and not discussed in RAN4. Hence, the system simulations consider RRM measurements along with RLM and BFD. 
The percentage of Radio Link Failures (RLF) and Handover Failures (HOF) when applied with different RLM, BFD, and RRM relaxation factors in FR1 and FR2, with DRX 40 and 80 ms, at the speed of 3 and 30 km/h is shown in Figure 5. 
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[bookmark: _Ref84928791]Figure 5: Percentage of RLF and HOF  when applied with RLM, BFD, RRM relaxations.
The percentage of total Time of Outage (ToO) in the same scenario is shown in Figure 6, which refers to the duration when the downlink SINR for hypothetical PDCCH BLER in Table 8.1.1-1 of TS 38.133 falls below the Qout threshold.
1. The percentage of RLF and HOF increases significantly if RRM measurements are also relaxed, and the increase is more significant in FR2.
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[bookmark: _Ref84929818]Figure 6. Percentage of total Time of Outagewhen applied with RLM, BFD, RRM relaxations.
The average time of each single outage in the same scenario is shown in Figure 7, which refers to the duration starting from the downlink SINR falls below Qout until it goes above Qin. 
1. The time the UE spends in outage increases when the relaxation factor for RLM, BFD, and RRM measurements increases due to the late detection of failure and initiating the recovery procedure.  
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[bookmark: _Ref84930636]Figure 7. Average time of each single outage when applied with RLM, BFD, RRM relaxations.
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