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Introduction
In RAN4#100-e meeting, the discussion on UE power saving enhancements continued and the agreements were captured in a way forward in [1]. In this contribution we continue the discussion based on the WF.
Performance impact analysis
Delta SINR 
The delta SINR, i.e. the SINR difference/error between relaxation and without relaxation, is calculated for the case that RLM+BFD measurements are relaxed with different relaxation factors (K = 2,  4, 8) using SINR time traces generated as per [3]. The detailed results are presented in [3] for both SSB and CSI-RS based RLM/BFD measurements in FR1 and FR2, UE speed 3km/h and 30km/h, DRX cycles 20ms, 40ms, and 80ms.  A summary of the results is shown in Table 1 for SSB-based measurements and a signal to noise ratio (SNR) of -6 dB to mimic a poor radio channel condition with max(5%,95%) fractal. We note that the results show insignificant differences for CSI-RS based measurements. 

Table 1: Overview of SSB-based delta SINR for out-of-synch and in-synch with -6dB SNR, max(5%,95%).
	K
	FR1
	FR2

	
	3 km/h
	30 km/h
	3 km/h
	30 km/h

	2
	1.90/2.45
	1.80/2.18
	1.43/1.92
	1.50/2.02

	4
	2.23/3.15
	2.48/3.15
	1.93/2.35
	1.75/2.35

	8
	2.83/3.60
	2.42/3.5
	2.05/2.95
	2.00/2.82



An SINR error below 3 dB is observed for any factor K when taking 10 samples, whereas the error is larger for 5 samples, as expected, because of reduced accuracy. The UE’s capability to receive the DL signal under more challenging radio channel conditions is dependent on UE’s receiver implementation, hence, the acceptable SINR error may be dependent on UE implementation and cannot be uniquely defined. Such error can be tolerated if relaxation is applied conservatively (e.g. if SINR> SINRQin, where SINRQin + SINRerror > SINRQout).
[bookmark: _Hlk79161202]SINR error of more than 3dB is observed for scaling factor 8. 
The maximum allowed scaling factor should be less than 8 for RLM/BFD relaxation considering acceptable SINR difference. 
Maximum additional delay in RLF triggering
The additional delay introduced in triggering the RLF declaration is provided in [2]. RAN4 has agreed that the relaxation factor is applied to the evaluation period, i.e. extending the evaluation period by scaling factor K. The exact delay in RLF declaration is further dependent on UE implementation like when measurement relaxation is exited and OoS indication to higher layers.
[bookmark: _Hlk71673902]In case the relaxation is obtained by applying the relaxation factor, K, to the out of synch. evaluation period, TEvaluate_out and exiting at first Qout occurrence, i.e. first measured SINR < Qout, the maximum additional delay introduced in RLF declaration, which is equal to the delay in observing the first occurrence of SINR < Qout,  can be given as function of K and is equal to K x TDRX. The resulting additional RLF delay in this case is depicted in Table 2.
[bookmark: _Ref85024313]Table 2: Maximum additional delay in RLF, when relaxation is exited at 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



[bookmark: _Hlk85805263]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.
In case the relaxation is obtained by applying the relaxation factor, K, to the out of synch. evaluation period, TEvaluate_out and exiting at first OOS indication to higher layers, the maximum additional delay introduced in RLF declaration, which is equal to the additional delay of the 1st OOS evaluation, can be given as function of K and is equal to (K-1) x TEvaluate_out. The resulting additional RLF delay in this case is then different for FR1 and FR2 and depending on the measured reference signal (i.e. SSB or CSI-RS) as depicted in Table 3 and Table 4. 
Table 3: 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 4: 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



[bookmark: _Hlk85805158]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.
RAN4 needs to discuss the maximum scaling factor, K, corresponding to the acceptable delay in RLF declaration.
Other system level performance metrics
[bookmark: _Hlk68118400]The percentage of time of outage as well as RLF is presented in [2]. The time of outage is counted whenever the SINR of hypothetical PDCCH BLER (see Table 8.1.1-1 of TS 38.133) falls below the out-of-synch threshold, Qout. It is observed from the results in [2] that there is significant increase in the time of outage for both FR1 and FR2 when a larger relaxation factor K (e.g. 4 or 8) is applied at higher speed (e.g. 30 km/h) .
[bookmark: _Hlk79161317]The time the UE spends in outage increases when the relaxation factor for RLM and BFD increases due to the late detection of failure and initiating the recovery procedure at higher speed (e.g. 30 km/h).  
RAN4 needs to consider impact on system level performance like time of outage and percentage of RLF if relaxation of RLM/BFD measurements is allowed.
Entering Relaxation criteria 
Relaxation scenarios
[bookmark: _Hlk74666464]In RAN4#100-e meeting, the applicable scenarios for RLM/BFD relaxation were further discussed, but no consensus was reached on the relaxation criteria configuration. It is still open if relaxation is allowed when single criterion e.g. low mobility or good serving cell quality criterion is configured and fulfilled.
Issue 1-1: Relaxation when neither serving cell quality criteria nor low mobility criteria is configured
When neither serving cell quality criteria nor low mobility criteria is configured, the existing RLM/BFD requirements shall apply.
· Note: It can be revisited if 
· dedicated or broadcast signalling to indicate the UE when it is allowed to relax the RLM/BFD measurements is agreed, or 
· good serving cell criteria is agreed to be predefined.
Issue 1-2: Whether low mobility criteria is necessary to be configured?
· Option 1: No. It is up to network.
· Option 2: Yes. 
Issue 1-3: Whether good serving cell criteria is necessary to be configured?
· Option 1: No. It is up to network. 
· Option 2: Yes.


Some companies were referring to the agreements in RAN4#98bis-e “Whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state.” and arguing that relaxation is allowed only if both criteria are fulfilled. However, we understood the agreements intend to define the scope of relaxation criteria instead of implying anything about configuration condition. We still believe it should be up to network to configure whether only one criterion is used or both criteria are used separately, or both are to be used combined. This is also aligned with Rel16 relaxation in idle and inactive mode which keeps the flexibility of network configuration. Based on this we would have 4 different configuration scenarios:
1) UE shall only use low mobility criteria
2) UE shall only use serving cell quality criteria
3) UE shall use low mobility criterion or serving cell quality criteria
4) UE shall use low mobility criteria and serving cell quality criteria
Proposal 4: It is up to network to configure whether only one criterion is used (either low mobility criterion or good serving cell quality criterion) or both criteria are used separately, or both are to be used in combination e.g. to enter relaxation.
In addition, it was agreed that the UE is not performing relaxed RLM/BFD measurements and the existing RLM/BFD requirements shall apply if neither of the low mobility and good serving cell quality criteria is configured. In our view, this shall not preclude the explicit signalling to trigger the relaxation of RLM/BFD measurements. As this WI is for connected mode, the network has more information relevant to the UE e.g. device capability, service type. It would be convenient and beneficial to allow the network to explicitly indicate the UE that it is considered from network perspective to be in low mobility state hence is allowed to perform relaxed RLM/BFD measurements. Such explicit signalling can be used to enable/disable the RLM/BFD relaxation when relaxation criteria is not configured by the network.
[bookmark: _Hlk75434224]Proposal 5: Allow explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration.
Low mobility criteria
Issue 2-1: Low mobility criteria 
· Agreements:
· Low mobility criteria
· Reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation.
· FFS the RSs for L3 RSRP measurement


During the GTW discussion in last meeting, it was agreed to reuse Rel16 low mobility criterion for RLM/BFD relaxation and left the reference signals for L3 RSRP measurement open.
According to 3GPP TS 38.304, the low mobility criterion for relaxed measurement is based on Srxlev variation, where Srxlev is derived from Qrxlevmeas which indicates the “measured cell RX level value (RSRP)”. As the mobility status is independent from the UE connected or idle mode, the same RSs used for deriving the cell measurement results can be reused in low mobility criteria for RLM/BFD relaxation.
 [bookmark: _Toc534930843][bookmark: _Toc37298565][bookmark: _Toc46502327][bookmark: _Toc52749304][bookmark: _Toc67949179]5.2.4.9.1	Relaxed measurement criterion for UE with low mobility
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The relaxed measurement criterion for UE with low mobility is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP,
where:
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp
Qrxlevmeas
Measured cell RX level value (RSRP)
 


[bookmark: _Hlk85805714]Observation 5: The same RSs used for deriving the cell measurement results can be reused in low mobility criteria for RLM/BFD relaxation.
The derivation of cell measurement results is specified in TS 38.331 section 5.5.3.3, where the UE needs to apply layer 3 cell filtering when deriving the cell measurements results in connected mode. As RLM/BFD measurements are intended for monitoring the downlink channel quality, the L3 filtering may further average the RSRP values and cannot reflect the in-time channel variation. We believe the L3 filtering shall not be applied when cell level RSRP based variation is used for low mobility relaxation evaluation. Instead, the RRM measurements as defined in TS 38.133 section 9.2 shall be used for low mobility evaluation. And to ensure the measurement performance, the RRM measurement used for low mobility evaluation needs to fulfill the accuracy requirements as defined in section 10. 
Observation 6: The L3 filtering shall not be applied when cell level RSRP based variation is used for low mobility relaxation evaluation.
Proposal 6: Use RRM measurements as specified in TS 38.133 section 9.2 for low mobility criteria evaluation.
Proposal 7: The RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10.
Although the RRC_IDLE and  RRC_INACTIVE measurement scheme can be applied in RRC_CONNECTED, the UE will derive each cell measurement quantity based on SS/PBCH block as the linear power scale average of the highest beam measurement quantity values above absThreshSS-BlocksConsolidation where the total number of averaged beams shall not exceed nrofSS-BlocksToAverage (in the associated measObject) and apply L3 filtering on top. Hence, applying SS-RSRP variation as mobility measure is useful for inter-cell mobility, but may not reveal high intra-cell mobility, especially if UE is under coverage are of multiple SSB beams. Hence, if a UE is moving in high speed with almost same distance to the base station antenna, applying SS-RSRP variation based criteria could conclude the UE to be in mobility sense stationary or low mobility state. In this sense, the change in serving beam i.e. that is based on the measurements on CSI-RS signals can provide more accurate picture of the intra-cell mobility state. Therefore we think that serving beam changes should be taken as another low mobility criterion, which can be used separately or in combination with the Rel16 low mobility criterion. E.g. the number N of distinct serving beams change by the UE within a time window T is monitored against some thresholds to determine UE’s mobility state. It is up to network to configure which low mobility criterion or the combination of the two is to be used. 
[bookmark: _Ref1038682][bookmark: _Ref16509644]Proposal 8: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change). 
Proposal 9: It is up to network to configure if the low mobility criteria is based on RSRP variation or TCI changes, or the two in combination.
Good serving cell quality criteria
Issue 3-1: SINR definition for good serving cell quality criteria
· Option 1: reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD. 
· Option 2: L3-SINR. RSRQ and RSRP can also be used as serving cell quality metric for UE that does not support the optional L3-SINR measurement. 
Issue 3-2: predefined or configured threshold
· Option 1: The thresholds are configured to the UE by the network.
· Option 2: The thresholds is predefined. 
· Option 3: The offset values X to UE for deriving the threshold 
· Option 3a: The offset values are configured to the UE by the network. 
· Option 3b: The offset value(s) are predefined
                          Note: Values of X are discussed in issue 3-3-1/3-3-2
Issue 3-3-1: good serving cell quality criteria for RLM
The good serving cell quality criteria for RLM is
· Option 1: radio link quality >  Qout + X (dB). 
· Value of X is FFS.
· Option a: X may depend on TSSB and TDRX
· Option b: X may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Option 2: radio link quality >  Qin + X (dB). 
· Value of X is FFS.
· Option a: X may depend on TSSB and TDRX
· Option b: X may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Other options are not precluded

 


On the good serving cell quality criteria, RAN4 need to firstly agree on which metric is used as serving cell quality. In last meeting, the majority of the views was going for Option 1 as cited above. However, it was not concluded due to the ambiguity of “legacy definition of SINR” as the SINR has never been explicitly specified for RLM/BFD. We believe it is reasonable to have this clarified hence propose using “downlink radio link quality” to align with existing specs.   
Proposal 10: Reuse existing “downlink radio link quality” in current RLM/BFD spec for good serving cell quality evaluation of RLM/BFD relaxation.  
Another question is if the threshold of good serving cell quality is predefined or configured by network. When looking at the current RLM evaluation in TS 38.133, this is done based on BLER level. The RLM evaluation is based on a UE specific estimation on when the link quality is such that the estimated UE receiver performance will lead to a BLER level higher than BLERout (10%). I.e. the threshold is UE internal accounting the UE receiver performance. This means that there is no common network configured threshold (in dB) that would result consistent behavior between UEs. 
Same issue arises if the network would configure a threshold for the UE to determine the good serving cell quality. As the UE internal threshold setting is not known to the network, it would be very difficult for the network to determine above which threshold the UE can consider the good serving cell quality criteria as fulfilled. It is preferred to use pre-defined threshold as in existing RLM evaluation principle for determining the good serving cell quality. 
Proposal 11: The threshold for determining the good serving cell quality is pre-defined as in existing RLM evaluation principle. 
Considering Qin is defined as the level at which the downlink radio link quality can be received with significantly high reliability, this can be used as the pre-defined threshold for entering relaxation measurements. Some companies proposed adding a certain offset of X or Y (dB) to enable RLM relaxation a bit earlier when the channel quality is not as good as Qin. However, the X or Y (dB) offset may result different behavior between UEs due to the respective receiver performance. It is unclear how to determine the value of X or Y to achieve consistent UE performance. 
Proposal 12: The good serving cell quality criteria for RLM is defined as: downlink radio link quality > Qin.  
We think the same principle of good serving cell quality can be also applied to BFD, i.e. downlink radio link quality > Qin_LR. The difference is that the threshold Qin_LR is indicated by high layer parameter rsrp-ThresholdSSB.    
Proposal 13: The good serving cell quality criteria for BFD is defined as: downlink radio link quality > Qin_LR.  
Exit criteria from RLM/BFD measurement relaxation
In last RAN4 meeting, the following way forward were reached on the exit criteria. Several options were listed on the exit criteria regarding to radio link quality for reverting to normal RLM/BFD operation.
Issue 4-1: Exit criteria based regarding the radio link quality
· Option 1: Exit RLM relaxation mode when any relaxation criterion is not met, or when N310 starts to count. No additional exit criterion needs to be defined. 
· Option 2: Reuse Qout as the radio link quality threshold. Exit relaxation mode when the radio link quality is worse than Qout 
· Option 3: Introduce a radio link quality threshold higher than Qout. Exit relaxation mode when the radio link quality is worse than a SINR threshold (Thexit ). 
· Option 3a: Thexit = SINRenter with a hysteresis value 
· Option 3b: Thexit = SINRenter – 3dB 
· Option 3c: Thexit > Qout
· Option 3d: Thexit = Qout+7dB or Qin 
· Option 4: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient. 
Issue 4-2: Whether to additionally specify the exit criterion for low mobility criteria
No additional exit criterion for low mobility, i.e. UE exit low mobility state as long as the entering condition is not met



In our view, it is important to minimize negative system level performance due to relaxed RLM/BFD measurements as much as possible. Therefore, it should be ensured that the UE will revert to normal RLM/BFD measurements when the conditions which may lead to negative system level performance occur. 
As Qout is defined as the threshold below which the UE shall send L1 out-of-sync indication informing the RLF/BFD potential, this can be used to trigger the UE to exit from relaxed RLM/BFD measurement mode. In order to minimize the additional delay in RLF triggering as discussed in section 2.2, we prefer using the 1st Qout occurrence to trigger the exit from the relaxed RLM/BFD measurements.
Proposal 14: UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence. 
Behaviour during relaxation mode 
Issue 5-4: OOS indication during relaxation mode
· Option 1: UE indicates OOS during relaxation mode.
· Option 2: UE is not required to send the first OOS indication to higher layers during relaxation mode.
· Option 2a: UE indicate OOS right at exiting relaxation mode
· Option 3:  Left to UE implementation.
· Option 4: the UE shall continue evaluate the serving cell quality and send out-of-sync indications when the measured SINR becomes worse than Qout threshold and follow the associated procedures (including N310 counters.), i.e. same as in legacy RLM procedure




To prevent false triggers of RLM based on misalignment of the assumed UE RLM/BFD measurement performance, the Out-of-Sync indications sent to upper layers is expected to be based on the normal non-relaxed measurements. As the UE is performing relaxed RLM/BFD measurement before the 1st Qout occurs, the corresponding OoS indication shall not be indicated to high layer for counting N310. Instead, the OoS indication contributing to the RLF decision shall be based on the normal RLM/BFD measurements after exiting from relaxation. 
Proposal 15: The OoS indication at the 1st Qout occurrence during relaxation mode shall not be indicated to high layers. 
When the UE is performing relaxed RLM/BFD operation, the extended evaluation period may lead to additional delay in RLF triggering as analysed in section 2.2. To minimize the delay impact, some RLF parameters may be adapted/changed during the relaxed operation to ensure the UE can exit relaxation sufficiently early and avoid radio link failure. That is, the network may configure the UE with different values of the RLF parameters, i.e. T310/N310/N311 to be applied when the UE is in measurement relaxation mode compared to the values that are used in normal (not relaxed) RLM operation. By applying for example different T310/N310/N311 values in relaxed RLM mode, it is possible to compensate for the negative implications to the system performance.
Proposal 16: It is allowed for the network to configure different values of the RLF parameters, e.g. T310/N310/N311, for the relaxed operation to reduce the negative impact to the system performance.   
The evaluation period and how to apply the scaling factor were also discussed in last meeting. Based on the earlier agreement, the evaluation period of out-of-sync for RLM/BFD during relaxation is defined by:
Max (T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS))
· where Y is K * current Rel-15 samples (10 or 20), and K is the predefined relaxation factor. 
· where T is the lower bound of relaxed evaluation period. FFS whether the relaxation factor K to be applied on T.
· Note: 1.5 scaling factor is considered in current Rel-15 samples.
The lower bound T, set currently to 200 ms, plays a role only whenever T > Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS). This can occur only if the TDRX / TRLM-RS/BFD-RS is set to a rather low value. Otherwise the factor T does not impact the evaluation period and, thus, the relaxation. When assuming 15 (10*1.5) samples and no relaxation (K=1), this can occur if the TDRX / TRLM-RS/BFD-RS is set to a value below 13.4 ms (200/(15*5)). When applying K = 2, this can occur if the TDRX / TRLM-RS/BFD-RS is set to a value below 6.7 ms (200/(15*5*2)), as shown in the left side of Figure 1 (see the grey curve). Since the cases affected are extremely limited and may have low potential of power saving (given that the UE has to wake up anyway at the DRX cycle), it seems not worth to add complexity and apply a relaxation factor also to the lower bound T. If these limited cases are deemed important to be addressed, alternatively, a relaxation factor K > 2 can be applied to the ceiling factor at those low DRX cycles (see the orange curve in the left side of Figure 1).
Proposal 17: RAN4 to agree NOT applying relaxation factor on lower bound of relaxed evaluation period. 
[image: ]
Figure 1 Example of SSB-based RLM evaluation period for DRX cycles up to 20 ms and SSB period = 5 ms (left) and 10 ms (right). The value of T plays a role only for extremely low DRX cycle lengths (up to 6 ms) when the SSB period is set below 10 ms. Otherwise it does not impact the evaluation period and, thus, the intended relaxation.
On the scaling factor, the following options have been proposed for the exact values of the relaxation factor K, as summarized in Table 5 (FR1-only):
· Option 1: 
· K=1 for 80 ms < TSSB ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
· Option 2:
· K=2 for MAX(TDRX, TSSB) ≤ 40 ms in FR1
· K=1.5 for 40ms < MAX(TDRX, TSSB) ≤ 80 ms in FR1
· FFS K for FR2.
· Option 3: 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms in FR1
· K=2 for MAX(TDRX, TSSB) ≤ 80 ms in FR2
[bookmark: _Ref85364640]Table 5 Options 1-3, earlier discussed in RAN4, proposing the values of the relaxation factor K 
(Example for SSB-based RLM evaluation period of out-of-sync)
	
	Tevaluate_out_SSB (ms)
	Option 1
	Option 2
	Option 3

	
	
	FR1
	FR2
	FR1
	FR2
	FR1
	FR2

	No DRX
	Max (T, ceil(10*P)*TRS))
	-
	-
	-
	-
	-
	-

	DRX cycle ≤ 40 ms
	 
Max (T, ceil(15*P*K) *Max(TDRX,TRS))
	K=4
	n/a
	K=2
	FFS
	K=4
	K=2

	40 ms <DRX cycle ≤ 80 ms
	
	K=4
	n/a
	K=1.5
	FFS
	K=4
	K=2

	80 ms <DRX cycle ≤ 320 ms
	Max (T, ceil(15*P)*Max(TDRX,TRS))
	-
	-
	-
	-
	-
	-

	DRX cycle > 320 ms 
	Ceil (10*P)*TDRX
	-
	-
	-
	-
	-
	-


In Figure 2, we show the evaluation period resulting when applying option 1 and 2 in FR1. We note that option 3 is identical to option 1 in FR1, and therefore is not shown. The relaxation option 1 (K=4) results in a larger evaluation period at DRX cycle = 80 ms than at 160 ms, which is incongruent and thus undesired.
[image: ]
[bookmark: _Ref85364816]Figure 2 RLM evaluation period as function of the DRX cycle til 320 ms, assuming SSB period = 10 ms, for different relaxation options. The relaxation option 1 (K=4) determines that a larger evaluation period is achieved at 80 ms than at 160 ms, which is undesired.
In Table 6, we propose further options, namely option 1a (to correct the inconsistency of option 1 explained above) and option 2a (to increase the relaxation level of option 2). These options are shown in Figure 3.
	
	Tevaluate_out_SSB (ms)
	Option 1/3
	New Option 1a
	Option 2
	New Option 2a

	No DRX
	Max (T, ceil (10*P)*TRLM-RS))
	-
	-
	-
	-

	DRX cycle ≤ 40 ms
	
Max (T, ceil (15*P*K) *Max(TDRX,TRLM-RS))
	K = 4
	K = 4
	K = 2
	K = 2

	40 ms <DRX cycle ≤ 80 ms
	
	K = 4
	K = 2
	K = 1.5
	K = 2

	80 ms <DRX cycle ≤ 320 ms
	Max (T, ceil (15*P)*Max(TDRX,TRLM-RS))
	-
	-
	-
	-

	DRX cycle > 320 ms 
	Ceil (10*P)* TDRX
	-
	-
	-
	-


[bookmark: _Ref85375134]Table 6 Options 1-3 plus additional options 1a and 2a proposing the values of the relaxation factor K in FR1 
(Example for SSB-based RLM evaluation period of out-of-sync)
Proposal 18: If a relaxation factor K=4 is deemed safe in FR1, option 1a should be adopted in FR1 to avoid inconsistency across different DRX cycles:
· Option 1a: 
· K=4 for MAX(TDRX, TSSB) ≤ 40 ms in FR1
· K=2 for 40ms < MAX(TDRX, TSSB) ≤ 80 ms in FR1
Proposal 19: If a relaxation factor K=2 is deemed safe in FR1, either option 2 or 2a can be adopted in FR1.
· Option 2/2a:
· K=2 for MAX(TDRX, TSSB) ≤ 40 ms in FR1
· K=1.5 or 2 for 40ms < MAX(TDRX, TSSB) ≤ 80 ms in FR1
Proposal 20: The same K values as in FR1 or lower can be chosen for FR2.

[image: ]
[bookmark: _Ref85364820]Figure 3 RLM evaluation period as function of the DRX cycle                                                                                                                       assuming SSB period = 10 ms, relaxation option 2 (K=2 or 1.5) vs option 4 (K=2)
Others
Issue 6-1: Specification structure
· Option 1: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
· Option 2: introduce new table for relaxation evaluation period into the current subsections.




The specification structure was discussed in last meeting. In our view, the relaxed RLM/BFD requirements can be introduced in new subsections to avoid messing up existing legacy requirements. In addition, as the RLM/BFD measurements are agnostic to high layer, the relaxation criteria for RLM/BFD and corresponding UE behaviour shall be specified in RAN4 specification.  
Proposal 21: The relaxed RLM/BFD requirements is introduced in new subsections within the existing RLM/BFD sections TS 38.133.
Proposal 22: The relaxation criteria for RLM/BFD and corresponding UE behaviour shall be specified in RAN4 specification. 
Conclusion
In this contribution, we discussed the entering and exit relaxation criteria for RLM/BFD measurements as well as the UE behaviour in relaxation mode. The observations and proposals are summarized as below:
1. SINR error of more than 3dB is observed for scaling factor 8. 
1. The maximum allowed scaling factor should be less than 8 for RLM/BFD relaxation considering acceptable SINR difference. 
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.
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.
RAN4 needs to discuss the maximum scaling factor, K, corresponding to the acceptable delay in RLF declaration.
The time the UE spends in outage increases when the relaxation factor for RLM and BFD increases due to the late detection of failure and initiating the recovery procedure at higher speed (e.g. 30 km/h).  
RAN4 needs to consider impact on system level performance like time of outage and percentage of RLF if relaxation of RLM/BFD measurements is allowed.
It is up to network to configure whether only one criterion is used (either low mobility criterion or good serving cell quality criterion) or both criteria are used separately, or both are to be used in combination e.g. to enter relaxation.
Allow explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration.
Observation 5: The same RSs used for deriving the cell measurement results can be reused in low mobility criteria for RLM/BFD relaxation.
Observation 6: The L3 filtering shall not be applied when cell level RSRP based variation is used for low mobility relaxation evaluation.
Proposal 6: Use RRM measurements as specified in TS 38.133 section 9.2 for low mobility criteria evaluation.
Proposal 7: The RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10.
Proposal 8: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change). 
Proposal 9: It is up to network to configure if the low mobility criteria is based on RSRP variation or TCI changes, or the two in combination.
Proposal 10: Reuse existing “downlink radio link quality” in current RLM/BFD spec for good serving cell quality evaluation of RLM/BFD relaxation.  
Proposal 11: The threshold for determining the good serving cell quality is pre-defined as in existing RLM evaluation principle. 
Proposal 12: The good serving cell quality criteria for RLM is defined as: downlink radio link quality > Qin.  
Proposal 13: The good serving cell quality criteria for BFD is defined as: downlink radio link quality > Qin_LR.  
Proposal 14: UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence. 
Proposal 15: The OoS indication at the 1st Qout occurrence during relaxation mode shall not be indicated to high layers. 
Proposal 16: It is allowed for the network to configure different values of the RLF parameters, e.g. T310/N310/N311, for the relaxed operation to reduce the negative impact to the system performance.   
Proposal 17: RAN4 to agree NOT applying relaxation factor on lower bound of relaxed evaluation period. 
Proposal 18: If a relaxation factor K=4 is deemed safe in FR1, option 1a should be adopted in FR1 to avoid inconsistency across different DRX cycles:
· Option 1a: 
· K=4 for MAX(TDRX, TSSB) ≤ 40 ms in FR1
· K=2 for 40ms < MAX(TDRX, TSSB) ≤ 80 ms in FR1
Proposal 19: If a relaxation factor K=2 is deemed safe in FR1, either option 2 or 2a can be adopted in FR1.
· Option 2/2a:
· K=2 for MAX(TDRX, TSSB) ≤ 40 ms in FR1
· K=1.5 or 2 for 40ms < MAX(TDRX, TSSB) ≤ 80 ms in FR1
Proposal 20: The same K values as in FR1 or lower can be chosen for FR2.
Proposal 21: The relaxed RLM/BFD requirements is introduced in new subsections within the existing RLM/BFD sections TS 38.133.
Proposal 22: The relaxation criteria for RLM/BFD and corresponding UE behaviour shall be specified in RAN4 specification. 
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