[bookmark: _Hlk41145946]3GPP TSG-RAN WG4 Meeting # 99-e      	R4-2109494
Electronic Meeting, May. 19-27, 2021

Agenda Item:	9.13.2
[bookmark: _Hlk41145958]Source: 	CMCC
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: _Hlk41145953]Title: 			 Discussion on RLM/BFD relaxation for NR power saving enhancement
Document for:	Discussion
1. Introduction
In RAN4#98bis-e meeting, the feasibility and performance impact of relaxing UE measurements for RLM and BFD were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the RLM/BFD relaxation methodology. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Impact on RRM measurement
In the real deployment scenario, how to do the RLM/BFD and RRM measurement depends on network configuration (RLM/BFD-RS, SMTC, MG, etc.) and UE implementation (measurement behavior). 
With network configuration and UE implementation, the RLM/BFD-RS being relaxed can be used to do the inter-frequency/RAT RRM measurements. For example, as illustrated in the figure below, the first part is UE perform normal RLM/BFD, the period of SSB-RS for RLM is 20ms, and the measurement period is 20*10*4/3≈267ms. The second part is UE perform relaxed RLM/BFD with the relaxation factor=4, the corresponding measurement period is 20*4*10=800ms. In the third part, UE can perform extra measurements for RRM on the SSB positions which are relaxed in RLM/BFD measurement by network configuration, such as network configure smaller MGRP. This RRM enhanced measurement is suitable for the specific UE which fulfill the RLM/BFD relaxation criteria and have no need of power saving.
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Figure 1: UE perform enhanced RRM measurement when performing RLM/BFD measurement relaxation
Proposal 1: UE could use the RLM/BFD-RS being relaxed to do the inter frequency/RAT RRM measurements.
2.1. Relaxation Scenarios
Issue 1: DRX cycle applicability
Agreement in RAN4#98bis-e meeting:
· Relaxation is applicable for DRX<=80ms.
· FFS adjustment to other DRX cycles is needed to keep the monotonicity of DRX cycles w.r.t. evaluation time 
· FFS Maximum relaxation factor should be related to DRX cycle and RS periodicity.
For the first FFS, we think we should only focus on DRX<=80ms cases according to the WID and the simulation results up to now. As for the monotonicity, if we must keep the monotonicity of evaluation time, we can set the limitation to the relaxation factor for DRX<=80ms. However, we do not see the strong necessity about keeping the monotonicity.
Proposal 2: Focus on DRX<=80ms cases, do not adjust the evaluation times for other DRX cycles. 
2.2. Relaxation criteria
Issue 2: Good serving cell quality criteria of RLM/BFD relaxation
· Good serving cell quality criteria of RLM/BFD relaxation is defined as the radio link quality is better than a threshold. 
· FFS radio link quality > Qout + X (dB) for RLM
· FFS radio link quality > Qout,LR + Y (dB) for BFD relaxation. 
· FFS how to derive the values of X, Y
· The radio link quality in good serving cell quality criteria for R17 RLM/BFD relaxation is based on SINR 
· FFS how to derive the corresponding SINR level of the threshold used in good serving cell quality criteria
· FFS which SINR is used
· Option 1: Reuse SINR for RLM/BFD evaluation
· FFS whether RSRP is also needed for BFD as additional condition
· FFS: The thresholds are configured or pre-defined.
· FFS: Different threshold configuration (i.e. different IEs in RRC signaling )for SSB based and CSI-RS based RLM/BFD is allowed
[bookmark: _Hlk70326378]For this issue, firstly, we propose to reuse the SINR for RLM/BFD evaluation which is straightforward and introduce no additional UE measurement. Secondly, we think RSRP is not needed for BFD relaxation criteria since only SINR is used to determine the BFD. Lastly, we prefer pre-defined a set of discrete threshold values, when network configure the serving cell quality criteria, network can choose the reasonable one from the set.
Besides, there are two methods to configure the threshold:
· Configure the X and Y; UE compare the SINR with the Qout + X(dB) and Qout,LR + Y(dB) which Qout and Qout,LR is based on UE implementation.
· Configure the Qout + X(dB) and Qout,LR + Y(dB); UE compare the SINR with the configured threshold directly. 
Both methods are fine for us as long as we pre-defined reasonable threshold and design test cases. For the first method, when designing the test case, the value of Qout and Qout,LR can reuse the values in the existing RLF/BFD test cases.
Proposal 3: UE reuse the SINR for RLM/BFD evaluation when determine whether the serving cell quality criteria is fulfilled or not.
Proposal 4: RSRP is not needed for BFD relaxation criteria.
Proposal 5: Pre-defined a set of discrete threshold values. When network configure the serving cell quality criteria, it chooses a reasonable one from the set.

Issue 3: Low mobility criteria of RLM/BFD relaxation 
· Low mobility criterion for identifying low mobility scenario under which the UE is allowed to apply the RLM/BM requirements is determined and configured to UE by the network, and it is up to the UE whether to apply relaxed RLM/BM requirements when configured. 
· Given the this feature is enabled by the network, the low mobility criterion is defined based on
· FFS until RAN4 #99e
· Option A: UE will need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option A1: RSRP variation (reuse R16 low mobility criterion and procedure)
· Option A2: SINR variation
· Option B: UE will not need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option B1: UE defines if the low mobility criterion is fulfilled (e.g. fixed UE) or not fulfilled (e.g. vehicular UE).
· Option B2: Network configures whether the low mobility criterion is fulfilled or not
· Option C: The low mobility criterion can be left for RAN2 to decide. Send LS to RAN2 to trigger RAN2 discussion.
· Option D: Other options on how often UE verifies the low mobility criterion is open for discussions at next meeting.
In 98bis-e meeting, we have already achieved the agreements that UE determines whether the relaxation criteria can be fulfilled or not based on the relaxation criteria. Therefore, low mobility criterion is configured to UE by the network, UE determine whether the relaxation criteria can be fulfilled or not, and it is up to UE whether to apply relaxed RLM/BM requirements when UE fulfilled the criteria.
As for the definition of low mobility criterion, we support Option A2, to use the SINR variation to check the variation of the channel quality. We propose to define an evaluation period, to check the L3 SINR values always higher than the SINR threshold (the threshold used in serving cell quality criteria). For Option B2, if network do the determination, then UE need to report its measurement report frequently to the network, this will bring extra power consumption to UE. Besides, we think Option B2 is more suitable for per-UE configuration than per-cell configuration, since the UEs’ mobility status under a cell is various in real network. For Option C, we think the RRC-CONNECTED power saving of RLM/BFD relaxation is leaded by RAN4, so we think it should be first defined in RAN4.
Proposal 6: The low mobility criterion is based on SINR variation. 
· Define an evaluation period, to check the L3 SINR values always higher than the SINR threshold (the threshold used in serving cell quality criteria).

Issue 4: Exiting criteria of RLM relaxation 
Background:
· Following agreement was made at last meeting [R4-2103670]: 
· “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).”
Following additional options are listed below:
FFS which of the following options can be used as the exiting criteria of RLM relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain SINR threshold Thexit, which is higher than Qout.
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout. 
· Option 3: exit relaxation mode based on out-of-sync indication. 
· Option 3a: exit when N310 starts to count, i.e. 1 out-of-sync indication.
· Option 3b: exit when T310 is running witch is triggered by a new counter
· Option 3c: exit when certain number of out-of-indications 
· Option 3d: exit when certain consecutive out-of-sync indications
· Option 4: Additional time is allowed for UE to evaluate first OOS indication when UE is in power saving mode. UE is in normal mode after first OOS indication. The additional delay for RLF declaration is guaranteed to be within OOS evaluation time (TEvaluate_out_SSB) in normal mode. Relaxation factor and exit SINR threshold (for good cell quality condition) is up to UE implementation, but the “first OOS indication” requirement has to be satisfied.
For this issue, we prefer Option 3. Option 3b-3d can give more flexible to network, how to configure the value can be depended on UE sensitivity about RLF triggering latency. Option 3a can guarantee the smallest latency after relaxation. In addition, we are also open to Option 2a, the threshold for exiting the relaxation should be first evaluated.
Proposal 7: The RLF exit relaxation mode should at least based on out-of-sync indication. We prefer Option 3a and Option 3d.

Issue 5: Exiting criteria of BFD relaxation
FFS which of the following options can be used as the exiting criteria of BFD relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met 
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain threshold Thexit , which is higher than Qout_LR. 
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation 
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout_LR. 
· Option 3: exit relaxation mode based beam failure instance indication
· Option 3a: exit upon detecting the 1 beam failure instance indication. 
· Option 3b: exit after BFI_COUNTER add to the value of a new counter or a new parameter, the new counter or the new parameter is configured by network. 
· Other options are not precluded
The exiting criteria of BFD relaxation is similar with that of RLF’s. In our view, both Option 3a and Option 3b can guarantee UE exit the relaxation mode in time. We are also open to Option 2a, while the threshold for exiting the relaxation should be first evaluated, whether the threshold is configured or pre-defined should be further studied. 
Proposal 8: The BFD exit relaxation mode should at least based on beam failure instance indication. 
[bookmark: _Hlk66350794]After the revert, we think a period of punish time is needed to avoid UE perform the relaxed measurement when channel quality is unstable.
To make sure UE perform reliable power saving behavior, a timer can be configured. When the timer is active, UE couldn’t go into relaxation mode again. When the timer expires, the UE can decide whether go into relaxation mode by relaxation criteria. 
If UE revert to normal RLM measurement, and UE does not trigger the RLF, then the punish time will start. The punish time will end when UE report a few consecutive In-sync Indications. The number of In-sync indications can be configured by network.
[bookmark: _Hlk66351998][bookmark: _Hlk68100358]Proposal 9: After UE revering, UE couldn’t go into relaxation mode again during a certain punish period, such as when a new timer is active. UE can decide whether go into relaxation mode by relaxation criteria after the timer expires. The timer is configured by network.
Proposal 10: After UE revering to normal RLM measurement, and UE does not trigger the RLF, UE couldn’t go into relaxation mode again during a certain punish period, the punish period will end when UE report a few consecutive In-sync Indication, the number of In-sync indication can be configured by network.

Issue 6: Are the parameters of relaxation criteria predefined or configurable
The parameters of relaxation criteria can be configured by the network. 
· Option 1: The relaxation criteria shall be configured by the network to the UE. If the threshold (criteria) is not configured, it means the UE cannot go into relaxation mode.” 
· Option 2: The parameters of relaxation criterion of low mobility and entering condition of good cell quality can be configured by the network. Exit condition of good cell quality is FFS.
· Option 3: The parameters used in good serving link quality criteria are predefined. FFS other potential parameters. 
Generally speaking, we think the relaxation criteria and the parameters in the criteria should be configured by network. If the criteria is not configured, it means the UE cannot go into the relaxation mode. However, for the parameters in the criteria, we can pre-define some configuration values, or set some limitation such as the upper-bound and lower-bound according to the typical scenario and the simulation results.
Proposal 11: 
The relaxation criteria and the parameters in the criteria shall be configured by the network to the UE. 
· If the threshold (criteria) is not configured, it means the UE cannot go into relaxation mode.
· The parameters can be pre-defined with some values which are obtained by simulation.
2.2.1. Relaxation factor and scheme
[bookmark: _Hlk70332336]Issue 7: Relaxation factor
FFS on following:
· Option 1: Evaluation period based on fixed sample number
· The relaxation factor is implicitly defined, similar to the beam sweeping factor implicitly defined in FR2 RRM measurement requirements.
· Option 2: Evaluation period scaling with the relaxation factor
· The relaxation factor is explicitly defined
· FFS whether Different relaxation factors between FR1 and FR2
· FFS whether Different relaxation factors for different SINR range
· FFS whether Different relaxation factors for SSB and CSI-RS
· FFS What UE speed is used as reference for derving the relaxation factor
· Option 3: Up to UE implementation as long as the additional delay for RLM/BFD declaration is within the (to be defined) relaxed requirement
· Other options are not precluded.
First, we think the relaxation factor should not up to UE implementation, it must be controlled by the network whether implicitly (Option1) or explicitly (Option2).
Option 1 is more suitable for per-cell configuration For Option1, there are two ways:
1. Use a fixed relaxation factor in all scenarios. For this way, we should consider worst case.
2. Use different relaxation factors in different scenarios. For this way, we should consider typical cases.
Option2 is more suitable for per-UE	configuration. Network adjust the relaxation factor according to channel quality and measurement configuration. We think per-UE configuration is an enhanced way since it can consider more factors than per-cell configuration such as the UE battery status, the sharing factors and so on.
Based on the analysis above, we think both Option 1 can be the baseline, and use Option2 to further enhance the power saving performance in per-UE configuration.
Proposal 12: Use implicitly defined relaxation factor (Option 1) as the baseline. Further down-selection the following defining methods:
· Use a fixed relaxation factor in all scenarios. For this way, we should consider worst case.
· Use different relaxation factors in different scenarios. For this way, we should consider typical cases.
Proposal 13: Use explicitly defined relaxation factor (Option 2) as the enhanced method with per-UE relaxation factor configuration. 

Issue 8: Relaxed evaluation period of RLM/BFD
Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB). FFS the following options
· Option 1:The similar definition of RLM/BFD evaluation period in Rel-15 can be reused as Max(T, Ceil([Y] x P x N) x Max(TDRX,TSSB))
· Option 2: If power saving conditions are satisfied, allow TEvaluate_ps_out_SSB for the first OOS indication and the original TEvaluate_out_SSB doesn’t apply
· [bookmark: _Hlk70329088]Option 2a:
	Configuration
	TEvaluate_ps_out_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)

	DRX cycle≤80ms
	Max(200, Ceil(30  P)  Max(TDRX,TSSB))

	80ms<DRX cycle≤320ms
	Max(200, Ceil(20  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


· Option 2b:
	Configuration
	TEvaluate_ps_out_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)

	DRX cycle≤80ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB) + (K-1)  Max(TDRX,TSSB))

	80ms<DRX cycle≤320ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length, K is the relaxation factor.


· Option 3: modify the Rel-15 wording in the requirements as follows
· the new evaluation period TEvaluate_out_SSB-Relaxed is specified as K1* TEvaluate_out_SSB, where TEvaluate_out_SSB is as specified in clause 8.1.3.2 in TS 38.133 .
· the new indication period TIndication_interval-Relaxed is specified as K2* TIndication_interval where TIndication_interval is as specified in clause 8.1.6 in TS 38.133.
· FFS whether K1=K2
· Other options are not precluded.
Basically, we prefer Option1 and Option3 as long as the total evaluation period is aligned with simulation results.
Proposal 14: Either Option1 and Option3 can be used as long as the total evaluation period after relaxation is aligned with simulation results. 
3. Conclusion
In this contribution, we discuss the feasibility of NR power saving enhancement and RLM/BFD relaxation methodology. The proposals are:
Proposal 1: UE could use the RLM/BFD-RS being relaxed to do the inter frequency/RAT RRM measurements.
Proposal 2: Focus on DRX<=80ms cases, do not adjust the evaluation times for other DRX cycles.
Proposal 3: UE reuse the SINR for RLM/BFD evaluation when determine whether the serving cell quality criteria is fulfilled or not.
Proposal 4: RSRP is not needed for BFD relaxation criteria.
Proposal 5: Pre-defined a set of discrete threshold values. When network configure the serving cell quality criteria, it chooses a reasonable one from the set.
Proposal 6: The low mobility criterion is based on SINR variation. 
· Define an evaluation period, to check the L3 SINR values always higher than the SINR threshold (the threshold used in serving cell quality criteria).
Proposal 7: The RLF exit relaxation mode should at least based on out-of-sync indication. We prefer Option 3a and Option 3d.
Proposal 8: The BFD exit relaxation mode should at least based on beam failure instance indication. 
Proposal 9: After UE revering, UE couldn’t go into relaxation mode again during a certain punish period, such as when a new timer is active. UE can decide whether go into relaxation mode by relaxation criteria after the timer expires. The timer is configured by network.
Proposal 10: After UE revering to normal RLM measurement, and UE does not trigger the RLF, UE couldn’t go into relaxation mode again during a certain punish period, the punish period will end when UE report a few consecutive In-sync Indication, the number of In-sync indication can be configured by network.
Proposal 11: 
The relaxation criteria and the parameters in the criteria shall be configured by the network to the UE. 
· If the threshold (criteria) is not configured, it means the UE cannot go into relaxation mode.
· The parameters can be pre-defined with some values which are obtained by simulation.
Proposal 12: Use implicitly defined relaxation factor (Option 1) as the baseline. Further down-selection the following defining methods:
· Use a fixed relaxation factor in all scenarios. For this way, we should consider worst case.
· Use different relaxation factors in different scenarios. For this way, we should consider typical cases.
Proposal 13: Use explicitly defined relaxation factor (Option 2) as the enhanced method with per-UE relaxation factor configuration. 
Proposal 14: Either Option1 and Option3 can be used as long as the total evaluation period after relaxation is aligned with simulation results. 
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