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1 Introduction
In RAN4#101bis-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.
2 Entering Relaxation criteria 
Relaxation scenarios
[bookmark: _Hlk74666464]At RAN4#101bis-e meeting, the configuration for RLM/BFD relaxation was further discussed. A general statement was agreed as a compromise but the configuration options to enable RLM/BFD relaxation were not concluded.  
Issue 1-2-1&Issue 1-2-2: Enable the RLM/BFD relaxation feature
· RLM/BFD relaxation is enabled by explicit signaling.  
· FFS the applicability conditions that UE is allowed to apply relaxed requirement.

RAN4 sends the LS informing the latest agreements and leaving the signalling design to RAN2 [2]. Meanwhile, RAN2 also sends LS expecting the RAN4 progress on the configuration issue [3]. We need anyway align the understanding on the configuration options to enable RLM/BFD relaxation at least within RAN4.  
RAN4 LS R4-2202769:  
In RAN4 101-bis-e, RAN4 concludes all the remaining issues regarding the signaling for enabling RLM/BFD relaxation, and would like to inform RAN2 about the following conclusions.
· The RLM/BFD relaxation is enabled by explicit signaling. The signaling design is left for RAN2.
· The low mobility criterion is NOT mandatory to be configured
RAN2 LS R2-2201989: 
RAN2 assumes below aspects highly depend on RAN4 conclusions. So RAN2 has decided to postpone the corresponding discussion in RAN2 and have decided to wait for RAN4 progress:
· Postpone the discussion on how to enable/disable RLM relaxation per-CG, and how to enable/disable BFD relaxation per-serving cell to wait for RAN4 conclusions on the configuration of criteria.
· Postpone the discussion on how to provide the criteria configuration for RLM relaxation and BFD relaxation for low mobility criterion to wait for progress from RAN4. 
· Postpone the discussion on how to provide the criteria configuration for RLM relaxation and BFD relaxation for serving cell quality criterion to wait for progress from RAN4. 


In our understanding, the RLM/BFD relaxation can be enabled (i.e. the UE is allowed to apply the RLM/BFD relaxed requirements) by any of the following options:
· Upon fulfilment of configured relaxation criteria 
· Explicit relaxation indication/command from the network
· UE-based relaxation 

1) Configuration of relaxation criteria
For low mobility criterion, it has been agreed that the criterion is not mandatory to be configured. It is understood the UE shall evaluate the low mobility criterion only if it is configured. Otherwise, the UE is assumed not evaluating the low mobility criterion.
We believe the same principle shall apply to the good serving cell quality criterion. Some companies argued the good serving cell quality criterion shall always be evaluated irrespective of it is configured or not. However, this will disable the RLM/BFD relaxation if the channel quality is below Qin+X. If the UE is in low mobility, it is still reasonable to allow RLM/BFD relaxation as long as the downlink channel quality is better than Qout. Therefore, the good serving cell quality criterion is not mandatory to be configured, and the UE shall evaluate the good serving cell quality criterion only if it is configured. This is also aligned with Rel16 relaxation in idle and inactive mode which keeps the flexibility of network configuration. 
Proposal 1: The good serving cell quality criterion is not mandatory to be configured. And the UE shall evaluate the good serving cell quality criterion only if it is configured.   
If the principle could be agreed, we would have 3 different configuration options of the relaxation criteria. The RLM/BFD relaxation is allowed based on the criteria configuration as below: 
	
	Good serving cell quality criterion    configured
	Good serving cell quality criterion     NOT configured

	Low mobility criterion configured
	Relaxation allowed if both criteria are fulfilled
	Relaxation allowed if low mobility criterion is fulfilled

	Low mobility criterion NOT configured
	Relaxation allowed if good serving cell quality is fulfilled
	/



Different from the low mobility criteria associated with explicit parameters, the good serving cell quality criterion is based on the Qin+XdB, where X could be a pre-defined value if not configured. In this case, no parameters are configurable for the good serving cell quality criterion. The network shall send an “enable” signaling to inform the UE of the evaluation of good serving cell quality. The UE shall evaluate the good serving cell quality criterion upon receiving the “enable” signaling and is allowed RLM/BFD relaxation when the criteria is fulfilled.  
Proposal 2: The good serving cell quality criterion is configured via an “enable” signalling. The UE shall evaluate the good serving cell quality criterion when receiving the “enable” signaling.

2) Explicit relaxation command from the network
In addition to above criteria-based relaxation, we would also allow the network to control the RLM/BFD relaxation based on internal evaluation. As this WI is for connected mode, the network has more information relevant about the UE e.g. device capability, service type. It would be convenient and beneficial to allow the network to command the UE that it is considered from network perspective to be allowed to relax the RLM/BFD measurements. How the network evaluates the relaxation potential is up to network implementation, but such explicit command/signalling can be used as another solution to enable or disable the RLM/BFD relaxation. In our views, RRC signalling shall be used for the explicit relaxation command. 
[bookmark: _Hlk75434224]Proposal 3: Allow explicit relaxation command from the network to allow the UE to relax the RLM/BFD measurements. RRC signalling shall be used for the explicit relaxation command.
If such explicit relaxation command would be allowed, the question comes if and how the explicit command can be used while the UE is meanwhile configured with some relaxation criteria. In our view, the explicit relaxation command can be used irrespective of the relaxation criteria is configured or not. It should override the evaluation result at the UE side of the relaxation criteria if there is any inconsistence between them.  
Proposal 4: The explicit relaxation command can be used irrespective of the relaxation criteria configuration. It should override the evaluation result of the relaxation criteria if there is any inconsistence between them.
3) UE-based relaxation
In last meetings, there was also the proposal to have the UE to determine if it is allowed RLM/BFD relaxation based on the UE implementation. We understood this has been implemented in some UE devices and the UEs may do the same for RLM/BFD relaxation. As how and when the UE determines relaxation is up to UE implementation which is fully agnostic to the network, it would be difficult to define the requirements for the relaxation. Therefore, the UE-based relaxation can be left as UE implementation and nothing needs to be specified in RAN4.  
Proposal 5: The UE-based relaxation can be left as UE implementation as long as the UE complies with the existing RLM/BFD measurement requirements and nothing needs to be specified in RAN4.
Low mobility criteria
Issue 2-1: L3 CSI-RS to be used for Low mobility criteria 
· Option 1: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well. 
· Option 2: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient. 
Issue 2-2: Accuracy and delay requirements for low mobility criteria
· The RRM measurements used for low mobility evaluation shall fulfil the accuracy requirements defined in TS 38.133 section 10.   
Issue 2-2-1: the specific SSB to be measured for the per-UE low mobility criterion evaluation.
FFS
· Option 1a: The intra-frequency L3 RSRP measurement of serving cell based on SSB is derived as the intra-frequency SS-RSRP measured over single SSB, and shall fulfil the measurement requirement in TS 38.133 section 9.2.5.2 and the performance requirement in section 10.1. (Nokia)
· Option 1b: Network needs to configure the specific SSB to be measured for the per-UE low mobility criterion evaluation.


In last meeting, it was agreed to use SSB-based intra-frequency L3 RSRP measurement of serving cell for low mobility criterion evaluation. It is FFS if CSI-RS based L3 measurement can be used. As the accuracy performance of the CSI-RS based L3 measurement may not be fulfilled if the timing difference exceeds a CP, there would be a big risk to configure L3 CSI-RS based measurements from network point of view. Even there is no timing difference problem in serving cell measurement, it seems unlikely to configure L3 CSI-RS based measurement on serving cells only but not neighbour cells. Considering the potential negative impact, we prefer not using L3 CSI-RS for low mobility criteria evaluation. 
Proposal 6: Do not use L3 CSI-RS for low mobility criteria evaluation. 
The cell measurement result has been specified in TS 38.331 section 5.5.3.3 as below. In general, if the network configures the RRC parameters for beam consolidation, the cell measurement quantity is derived as the average of the multiple beam measurement quantities above a threshold. Otherwise, the cell measurement quantity uses the highest beam measurement quantity, where the beam measurement quantity is defined in TS 38.215 and is understood to be the intra-frequency L3 RSRP measured on one SSB as specified in TS 38.133 section 9.2. In other words, the cell measurement result according to RAN2 could be the average of the intra-frequency L3 RSRP measurements over multiple SSBs if beam consolidation is configured, or the intra-frequency L3 RSRP measurement of the best beam.   
In TS38.215: 
SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.
Observation 1: According to RAN2, the cell measurement result is the average of the intra-frequency L3 RSRP measurements over multiple SSBs if beam consolidation is configured, or the intra-frequency L3 RSRP measurement of the best beam.
However, RAN4 only defines the intra-frequency L3 RSRP measurement which is measured over the same SSB index and the accuracy performance requirement shall be fulfilled for the per-SSB or per-beam SS-RSRP. If beam consolidation is configured, it is unclear if the accuracy requirement could still apply after averaging the SS-RSRP of multiple beams. As RLM/BFD measurements are defined in RAN4 and agnostic to high layers, we may not consider the beam consolidation and instead use the SS-RSRP of single beam for low mobility evaluation. Hence, L3 RSRP measurement of serving cell based on SSB to be used for low mobility criterion is derived as the intra-frequency SS-RSRP measured over a single SSB index e.g. the SSB in the active TCI state.
Proposal 7: L3 RSRP measurement of serving cell based on SSB to be used for low mobility criterion is derived as the intra-frequency SS-RSRP measured over a single SSB index.
Proposal 8: The intra-frequency SS-RSRP measurement is derived from the SSB in the active TCI state. 
In addition, the L3 filtering is applied when defining the cell measurement result in RAN2. This may further average the RSRP values and cannot reflect the in-time channel variation. We believe the L3 filtering shall not be applied when the intra-frequency L3 RSRP measurement of serving cell is used for low mobility relaxation evaluation. 
Proposal 9: L3 filtering shall not be applied when the intra-frequency L3 RSRP measurement of serving cell is used for low mobility relaxation evaluation for RLM/BFD.
Additional Low mobility criteria
Different proposals were provided on whether additional criteria for low mobility should be defined, but this topic remained open after RAN4 #101bis-e.
	Issue 2-3: Additional Low mobility criteria
· Option 1: RAN4 additionally to define a low mobility criterion based on the serving beam changes over time (e.g. TCI state change) 
· Option 2: Support beam-level low mobility criterion for the case when UE is configured with BFD relaxation. 
· Option 3: Do not introduce additional low mobility criterion besides R16 low mobility criterion for BFD relaxation. Configure and evaluate per UE low mobility criterion. 


As explained in [4], 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 the coverage area of multiple SSB beams. Hence, if a UE is moving in high speed with almost same distance to the base station antenna, applying RSRP variation-based criteria could wrongly conclude the UE to be in mobility sense stationary or low mobility state. In this sense, the change in serving beam can provide more accurate picture of the intra-cell mobility state i.e. using the already existing TCI state change proposed in option 1 (e.g. the number N of distinct serving beam’s change by the UE within a time window T is monitored against some thresholds to determine UE’s 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 and it may be left to NW decision to configure this criteria or not. 
[bookmark: _Ref1038682][bookmark: _Ref16509644]Proposal 10: RAN4 to agree on option 1, to additionally define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change).

Good serving cell quality criteria 
Issue 3-1: Good serving cell quality criteria for RLM/BFD
· Agreement 
· The good serving cell quality criteria for RLM/BFD is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.
· Qx = Qin for RLM
· Qx = [Qin] for BFD
· Note: definition of Qin for BFD needs to be clarified
· The offset X can be configured from a set of 4 values
· Exact values are FFS
· One pre-defined value is used for evaluation if the offset is not configured
· Pre-defined value X = [0] dB
· Signalling details are up to RAN2

 


On the good serving cell quality criteria, RAN4 agreed to define the good serving cell quality criteria referring to Qin for RLM. It is FFS if Qin or Qin_LR shall be used for BFD. As the threshold Qin_LR is indicated by high layer parameter rsrp-ThresholdSSB and is applied to the L1-RSRP measurement, it is not suitable to be compared with the downlink channel quality. Qin can still be used for the good serving cell quality criteria for BFD.  
Proposal 11: The good serving cell quality criterion for BFD is based on Qin.  
Another open issue is the pre-defined value if the offset is not configured. As Qin 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%), the threshold is UE internal accounting the UE receiver performance. This means there is no common threshold (in dB) that would result in consistent behavior between UEs. As the UE internal threshold setting is not known to the network, it would be very difficult to determine above which threshold the UE can consider the good serving cell quality criteria as fulfilled. It is preferred to use Qin itself as in existing RLM evaluation principle as the good serving cell quality criterion. Therefore, the predefined value X can be set to 0dB.
Proposal 12: The pre-defined value for good serving cell quality criteria is set to X = 0 dB.  
3 Exit criteria from RLM/BFD measurement relaxation
In last RAN4 meeting, this issue was not concluded leaving below options open. 
Issue 4-1: Exiting relaxation criteria
Proposals:
· Option 1: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient.  
· Option 2: Set exit threshold as entering threshold with a hysteresis value. 
· FFS the exit threshold is configurable. 
· Option 3: Use Qout as exit threshold i.e. the UE will exit from relaxation mode when OOS is detected. 



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 [4], we prefer using the 1st Qout occurrence to trigger the exit from the relaxed RLM/BFD measurements. This is also aligned with the RAN4#98-bis-e agreement as below by setting the number of out-of-sync indications to one. 
Agreement in RAN4 98-e-Bis meeting:
· The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 or upon observed link quality degradation or mobility state change reverts to the normal RLM operation (i.e. without relaxation).
Proposal 13: UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence, i.e. first L1 detection of Qout. 
As the exit from relaxation is to avoid performance degradation at RLF, the exit criterion shall apply irrespective of how the RLM/BFD relaxation is triggered e.g. by fulfilling low mobility criteria, or good serving cell quality criteria or explicit command from the network. It shall be considered as a hard exit condition where the UE reverts to normal RLML/BFD measurements.
Proposal 14: The exit criterion shall apply irrespective of how the RLM/BFD relaxation is triggered. 
4 Behaviour during relaxation mode
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 14: The OoS indication at the 1st Qout occurrence during relaxation mode shall not be indicated to high layers. 
	Issue 5-4: Additional N310/N311 values for relaxation mode  
Proposals
· Option 1: To reduce the negative impact to the system performance, 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. 
· Option 2: no need 


When the UE is performing relaxed RLM/BFD operation, the extended evaluation period may lead to additional delay in RLF triggering as analysed in [3]. For instance, 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 1.
[bookmark: _Ref85024313]Table 1: 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


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. Hence, it was proposed to configure different mobility related parameters to be used by UE during relaxation to reduce the impact to the system performance.
Proposal 15: RAN4 to agree on option 1 to reduce the negative impact to the system performance.   
· Option 1: 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.   
Relaxation factors
	Issue 5-2: relaxation factors
· Confirm K0, FR2, SSB = 1 for 80 ms < MAX(TDRX, TSSB) ≤ 160 ms. 
Issue 5-2-2: The relaxation factor for FR1: 
· Option 1: 
· K1, FR1 =4 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
· Option 2 
· For FR1 RLM: (consider only DRx <= 80ms)
· K = 2 when DRx > 40ms *or* T310 <= 640ms; 
· K = 4 when DRx <= 40ms *and * T310>640ms, 
· For FR1 BFD: K = 2
Issue 5-2-3: The relaxation factor for FR2 SSB
· Option 1: K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms
· Option 2: 
· K=1.5 for 60 ms ≤ MAX(TDRX, TSSB) ≤ 80 ms.
· K=2 for MAX(TDRX, TSSB) ≤ 60 ms 


On the scaling factor, we support that there should be no relaxation for DRX cycles greater than 80 ms. For DRX cycles below 80ms, we support option 1 in both FR1 and FR2.
Proposal 16: The scaling factor shall be set as below: 
· K = 1 for MAX(TDRX, TSSB) > 80  in both FR1 and FR2
· K = 4 for MAX(TDRX, TSSB)  ≤ 80 ms in FR1
· K = 2 for MAX(TDRX, TSSB) ≤  80 ms in FR2
We note that the relaxation applying K = 4 in FR1 results in a larger evaluation period at DRX cycle = 80ms compared to evaluation period at 160 ms (non-relaxed), which is incongruent and thus undesired. The behavior is shown in Figure 2.

[bookmark: _Ref85364816]Figure 2 RLM evaluation period as function of the DRX cycle up till 320ms, assuming SSB period = 10ms, for option 1 (K=4) and without relaxation.
Proposal 17: RAN4 should discuss whether the inconsistency across 80 ms and 160 ms DRX cycles caused by Option 1 in FR1 (i.e. K =4) is acceptable.
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


[bookmark: _Ref85364820]Figure 3 RLM evaluation period as function of the DRX cycle till 320 ms, assuming SSB period = 10 ms, option 1 (K=4) and option 1a (K=4 or 2).
5 Others	
Regarding to the relaxation criteria for multiple RLM-RS/BFD-RS, we believe the relaxation shall be allowed only if the criterion is fulfilled on all the RLM/BFD-RSs, otherwise the performance degradation may be expected on the RLM/BFD-RS where the relaxation condition is not fulfilled. Therefore, we support Option 2-like solution by aligning the good serving cell quality criterion to the agreed condition.  
Issue 6-1-1: Relaxation criteria for multiple RLM-RS/BFD-RS
· Option 1: 
· For entering condition: the radio link quality of at least one RS resource is better than the entering threshold.
· For exit condition: the radio link quality for all the RS resources is worse than the exiting threshold.
· Option 2 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold (Qout + X1) for all RLM-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
· The values of X1, X2 can be same as those discussed for good serving cell quality.
· 

Proposal 19: When multiple RLM-RS/BFD-RS are configured,
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the entering threshold i.e. Qin+ X for all RLM-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the exit threshold for any of the RLM-RS resources. 

 Interaction of Rel-17 RLM/BFD relaxation with Rel-16 WUS
	Issue 6-2: Interaction of Rel-17 RLM/BFD measurements relaxation with Rel-16 WUS (DCP)
Candidate options:
· Proposals
· Option 1: The interaction of Rel-17 RLM/BFD measurements relaxation with Rel-16 WUS (DCP) needs to be addressed. (Nokia, Ericsson)
· Option 2: No need further discuss the PDCCH monitoring relaxation in RRM for R17 power saving (Qualcomm, Vivo, MTK, Huawei)



In the discussion at RAN4#101bis, it was noted that earlier RAN4 had considered the impact of R16 WUS (DCP) on RLM/BFD. Specifically, RAN4 had discussed Issue 2.2.2-1: Whether additional test cases on RLM/BFD with PDCCH-WUS configured is needed (in WF R4-2012214) and concluded that no new test cases were needed because R16 WUS (DCP) doesn’t impact UE’s behavior regarding RLM/BFD measurements. The discussion is now different as we are changing UE’s behavior regarding RLM/BFD.
Proposal 20: RAN4 to proceed with Option 1 (i.e. The interaction of Rel-17 RLM/BFD measurements relaxation with Rel-16 WUS (DCP) needs to be addressed).

To achieve power consumption reduction, it is meaningful to apply RLM/BFD measurements relaxation (when the UE relaxation conditions are met) only when all other activities besides the relaxed measurements can be also skipped during a DRX active period. Otherwise, if the UE has to wake up anyway for other purposes than RLM/BFD measurements, no or negligible power saving can be achieved from only relaxing these measurements (by omitting these measurements in such DRX active period). For example, RLM/BFD relaxation brings power savings if at the same time the L1-RSRP and CSI reports can be omitted during the DRX active time (as per ps-TransmitPeriodicL1-RSRP-r16 and ps-TransmitOtherPeriodicCSI-r16). Hence, it can be beneficial if the UE configured with Rel16 WUS could be allowed to relax RLM/BFD measurements only when UE is allowed to omit the L1-RSRP and CSI reports.

[bookmark: _Hlk95727950]Proposal 21: The UE configured with Rel16 WUS can be allowed to relax RLM/BFD measurements only when UE is allowed to omit the L1-RSRP and CSI reports.
Parameter P for Rel-17 RLM/BFD relaxation 
The current RLM/BFD measurements requirements depend on the parameter P, denoted here as sharing factor, see e.g. Table 8.1.2.2-1 and Table 8.1.2.2-2 in Section 8.1.2.2 of TS 38.133. P is a relaxation factor to be applied to the required measurement period depending on the overlapping between the reference signals for RLM/BFD measurements (RLM-RS resources) with the reference signals for RRM  measurements (SSB symbols indicated by SSB-ToMeasure/SMTC). As per current specification, broadly P is defined as follows:
· P = 1 in case of no overlap; 
· P > 1 in the various cases of overlap in order for the UE to have more flexibility on when to perform measurements that cannot be performed simultaneously (such as RLM measurements of the serving cell and RRM measurements on a neighbor cell). 

The RLM/BFD relaxation can be applied when the UE is in low mobility and/or with a good serving quality. Under the latter condition, very likely the UE need not to measure the neighbouring cells. Note that the need for neighbouring cells measurements in Connected mode are controlled by the network-defined s-MeasureConfig parameter. 

Hence, when applying RLM/BFD relaxation whenever neighbor cells measurements are allowed to be omitted, the UE may not need the additional flexibility defined by P > 1 even in case of overlap, at least in FR1 where the UE can use the RF transceiver with certain Rx settings to perform both RLM and RRM measurements of the serving cell. 

Proposal 22: In FR1, P shall be set to one if the RLM/BFD measurement relaxation is enabled and neighboring cells measurements are allowed to be omitted (i.e. the UE fulfils the s-MeasureConfig based condition). 

The corresponding CR TP is provided below: 

	8.1.2.X	Minimum requirement
… 
For FR1,
-	, when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, and these measurement gaps are overlapping with some but not all occasions of the SSB; and
-	P = 1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.
-    P = 1 when RLM measurements relaxation is enabled and neighboring cells measurements are allowed to be omitted (i.e. the UE fulfils the s-MeasureConfig based condition).


	
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:
Proposal 1: The good serving cell quality criterion is not mandatory to be configured. And the UE shall evaluate the good serving cell quality criterion only if it is configured.   
Proposal 2: The good serving cell quality criterion is configured via an “enable” signalling. The UE shall evaluate the good serving cell quality criterion when receiving the “enable” signaling.
Proposal 3: Allow explicit relaxation command from the network to allow the UE to relax the RLM/BFD measurements. RRC signalling shall be used for the explicit relaxation command.
Proposal 4: The explicit relaxation command can be used irrespective of the relaxation criteria configuration. It should override the evaluation result of the relaxation criteria if there is any inconsistence between them.
Proposal 5: The UE-based relaxation can be left as UE implementation as long as the UE complies with the existing RLM/BFD measurement requirements and nothing needs to be specified in RAN4.
Proposal 6: Do not use L3 CSI-RS for low mobility criteria evaluation. 
Observation 1: According to RAN2, the cell measurement result is the average of the intra-frequency L3 RSRP measurements over multiple SSBs if beam consolidation is configured, or the intra-frequency L3 RSRP measurement of the best beam.
Proposal 7: L3 RSRP measurement of serving cell based on SSB to be used for low mobility criterion is derived as the intra-frequency SS-RSRP measured over a single SSB index.
Proposal 8: The intra-frequency SS-RSRP measurement is derived from the SSB in the active TCI state. 
Proposal 9: L3 filtering shall not be applied when the intra-frequency L3 RSRP measurement of serving cell is used for low mobility relaxation evaluation for RLM/BFD.
Proposal 10: RAN4 to agree on option 1, to additionally define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change).
Proposal 11: The good serving cell quality criterion for BFD is based on Qin.  
Proposal 12: The pre-defined value for good serving cell quality criteria is set to X = 0 dB.  
Proposal 13: UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence, i.e. first L1 detection of Qout. 
Proposal 14: The exit criterion shall apply irrespective of how the RLM/BFD relaxation is triggered. 
Proposal 15: RAN4 to agree on option 1 to reduce the negative impact to the system performance.   
· Option 1: 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 16: The scaling factor shall be set as below: 
· K = 1 for MAX(TDRX, TSSB) > 80  in both FR1 and FR2
· K = 4 for MAX(TDRX, TSSB)  ≤ 80 ms in FR1
· K = 2 for MAX(TDRX, TSSB) ≤  80 ms in FR2
Proposal 17: RAN4 should discuss whether the inconsistency across 80 ms and 160 ms DRX cycles caused by Option 1 in FR1 (i.e. K =4) is acceptable.
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: When multiple RLM-RS/BFD-RS are configured,
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the entering threshold i.e. Qin+ X for all RLM-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the exit threshold for any of the RLM-RS resources. 
Proposal 20: RAN4 to proceed with Option 1 (i.e. The interaction of Rel-17 RLM/BFD measurements relaxation with Rel-16 WUS (DCP) needs to be addressed).
Proposal 21: The UE configured with Rel16 WUS can be allowed to relax RLM/BFD measurements only when UE is allowed to omit the L1-RSRP and CSI reports.

Proposal 22: In FR1, P shall be set to one if the RLM/BFD measurement relaxation is enabled and neighboring cells measurements are allowed to be omitted (i.e. the UE fulfils the s-MeasureConfig based condition). 
References
[1] R4-2202640, WF on NR UE Power Saving Enhancements, MediaTek, vivo, 3GPP TSG-RAN WG4 Meeting#101bis-e, E-meeting, Jan, 2022.
[2] R4-2202769, LS on signalings for enabling RLM and BFD relaxation in R17 UE power saving
[3] R2-2201989, LS to RAN4 on RLM/BFD relaxation for ePowSav
[4] Discussion about RLM/BFD measurement relaxation, Nokia, Nokia Shanghai Bells, 3GPP TSG-RAN WG4 Meeting#101-e, E-meeting, Nov 1st – Nov 12th, 2021

FR1

RLM (SSB)	2	4	5	10	20	40	80	160	320	640	1280	200	200	200	200	300	600	1200	2400	4800	6400	12800	RLM (SSB) + Relax. Option 1 (K=4)	2	4	5	10	20	40	80	160	320	640	1280	600	600	600	600	1200	2400	4800	2400	4800	6400	12800	DRX cycle (ms)


RLM Evaluation Period (ms)




FR1

RLM (SSB) + Relax. Option 1 (K=4)	2	4	5	10	20	40	80	160	320	600	600	600	600	1200	2400	4800	2400	4800	RLM (SSB) + Relax. Option 1a (K=4;2)	2	4	5	10	20	40	80	160	320	600	600	600	600	1200	2400	2400	2400	4800	RLM (SSB)	2	4	5	10	20	40	80	160	320	640	1280	200	200	200	200	300	600	1200	2400	4800	6400	12800	DRX cycle (ms)


RLM Evaluation Period (ms)




