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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #98e meeting [1], the agreed work plan for #100 meeting are also listed as follows:
	· 3GPP RAN4 #100e meeting (August, 2021, Work phase)
· Discuss and specify, if agreed: 
· Relaxation method and the corresponding criteria and scenarios for RLM/BFD 
· LS initial RRC parameters to RAN2, if needed



In this paper, we will first discuss the relaxation criteria of good serving cell quality and low mobility. After we clarify the criteria details, we then explain the corresponding UE behaviour in RLM/BFD measurement relaxation mode. According to the agreed work plan, in RAN4 #100-e meeting, an LS should be sent to trigger the corresponding RAN2 discussion. So we also provide one draft LS in the appendix for companies to check.
2	RLM/BFD measurement relaxation criteria 
In last meeting, options of serving cell quality criterion and low mobility criterion are discussed: 
	Issue 2-2-1: Good serving cell quality criteria for RLM/BFD: the radio link quality metric for RLM
· UE reuse the SINR for RLM/BFD evaluation when determine whether the serving cell quality criteria is fulfilled or not
· FFS what is the SINR definition 
· FFS whether RSRP is also needed for RLM/BFD as additional condition
Issue 2-2-2: Good serving cell quality criteria for RLM/BFD: predefined or configured threshold
· Option A: The thresholds are configured to the UE by the network
· FFS: based on a set of discrete threshold values.
· Option B: The thresholds can be pre-defined. 
Issue 2-2-5/2-2-6: Low mobility criteria of RLM/BFD relaxation
· UE verifies whether the low mobility criterion is fulfilled or not based on the RSRP variation and/or SINR variation, provided that the variation thresholds are configured by the NW.
· FFS the variation thresholds for low mobility criterion
· Option 1: RSRP variation 
· Option 2: SINR variation
· Option 3: RSRP variation and SINR variation.
· FFS how to calculate the variation
Issue 2-3-1: Exiting criteria of RLM/BFD relaxation – Basic
· If the UE fulfills any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is NOT allowed for relaxation, UE will exit relaxation mode.
· Note1: Whether the exit condition for serving cell quality is explicitly specified or not is up to issue 2-3-2.
· Note2: FFS the details of the exit condition of low mobility’
· FFS the observation period for the exiting criteria 
Issue 2-3-2: Exiting criteria of RLM relaxation – Additional 
FFS the following options, which have been discussed in this meeting.
· Option 1: exit relaxation mode when the radio link quality of the serving cell is worse than a certain threshold, which is higher than Qout.
· Option 1a: a hysteresis value could be used to avoid ping-ping effect, e.g. SINRexit = SINRenter - 3dB 
· Option 1b: SINRexit = Qout + 7dB 
· Option 1c: SINRexit = Qout +Margin or SINRexit = Qin  
· Option 1d: The threshold can be configured by network with margin 
· Option 2: exit relaxation mode when the radio link quality is worse than Qout, and the UE is still in the relaxation mode when the radio link quality is better than Qout. 
· Option 2b: UE shall revert to non-relaxed RLM/BFD measurement and evaluation period at the 1st Qout based on relaxed RLM/BFD measurements and evaluation period. 
· Option 3: Leave the fall back mechanism as UE implementation, as long as UE makes sure it has already fallen back to normal measurement if it has identified one out-of-sync indication.
· Option 4: exit when certain consecutive out-of-sync indications



For Issue 2-2-1 and 2-2-2, if Rel-15 definition of RLM/BFD is reused, most intuitive solution for the SINR threshold configuration is Network configures an offset threshold level Qoffset to UE, which indicates comparing with the Qout, how large the SINR threshold of entering condition should be. And UE is only allowed to enter power saving mode when the estimated SINR value is larger than Qrelax = Qout+ Qoffset. 
[bookmark: _Ref78673974]Proposal 1: Network to configure an offset threshold level Qoffset to UE as the serving cell quality criterion, which indicates how large the SINR threshold of entering condition should be, and UE is only allowed to enter power saving mode when the estimated SINR value is larger than Qrelax = Qout+ Qoffset

As for the issue 2-2-5/2-2-6 low mobility criterion, our understanding is that UE always monitors its own speed through multiple evaluation methods and the corresponding determining rules can’t be simply expressed by a performance metric. In the meanwhile, the Rel-16 low mobility criterion is designed to judge whether UE is staying in a stationary state, not to detect the true UE speed. We do have concern on the accuracy of applying Rel-16 low mobility criterion to determine UE speed in connected mode power saving. However, considering that RAN4 by all means needs a clearly defined performance metric for the testing purpose, so we can compromise to the majority view, i.e., reuse Rel-16 RSRP attenuation as the low mobility criterion. But at the same time, we also hope to retain the possibility that the detecting method can be up to UE implementation by allowing that the low mobility criterion is not necessary to be configured.  
[bookmark: _Ref71577417][bookmark: _Ref78673976]Proposal 2: Rel-16 RSRP attenuation is reused as the low mobility criterion of Rel-17 power saving, it is up to Network implementation on whether the low mobility criterion is necessary to be configured

Regarding to the issue 2-3-1/2-3-2 exiting criteria of RLM/BFD measurement relaxation, our understanding is RAN4 might not need to specify the exiting condition because UE will definitely exit the power saving mode when entering condition is not fulfilled. In Rel-16, even though there is no clearly defined exiting condition, the system still works. We currently don’t see a strong reason why RAN4 must introduce additional exiting conditions in Rel-17
[bookmark: _Ref78673977]Proposal 3: RAN4 does not to specify a different exiting conditions in the spec, but UE has to leave power saving mode once entering condition is not fulfilled

[bookmark: _Ref68084999]3	RLM/BFD measurement relaxation method 
We then discuss the relaxation scheme. 
	Issue 2-4-0: UE behaviour when the measured SINR is worse than Qout during the relaxation mode
FFS whether it would happen if the threshold for exiting criteria is defined as a certain value higher than Qout
FFS the following options 
· Option 1: 
· UE is required to send the first OOS indication to higher layers and required to start N310 immediately 
· The evaluation period of the first OOS indication is the relaxed evaluation period in the relaxation mode.  
· For information, assuming the relaxation factor is K, 
· the fist OOS evaluation period is K*T_evaluate_out_SSB, 
· the observation period for the exit criteria is K*T_evaluate_out_SSB. 
· Option 2: 
· UE is not required to send the first OOS indication to higher layers.
· The OOS indication based on relaxed measurement is not sent to higher layers.
· After exit, UE is required to send the first OOS indication after normal evaluation period if SNR<Qout. The evaluation period of the first OOS indication is the summation of the evaluation period in the relaxation mode + normal evaluation period. 
· For information, assuming UE is applying RLM/BFD measurement relaxation
· given the fist OOS evaluation period is 2*T_evaluate_out_SSB, 
· the observation period for the exit criteria is T_evaluate_out_SSB. The power saving gain when applying RLM/BFD relaxation is achieved by using less samples for exit criteria evaluation. Measurement accuracy needs to be investigated. 
· Option 3: UE follows the legacy behaviour for sending OoS indications. 

Issue 2-4-2: Relaxed evaluation period of RLM/BFD
FFS the following options, which have been discussed in this meeting.
· 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, TRLM-RS/BFD-RS)). 
· FFS the Y 
· Option 2a: For FR1, 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.
· Option 2b: For FR1 and FR2, If power saving conditions are satisfied, for the first OOS indication the original TEvaluate_out_SSB  apply. 
· Option 3: extended based on the legacy RLM/BFD requirements by considering the scaling factors.
· 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 .
· FFS 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.
· Option 4 :
· For RLM, the oos triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
· For BFD, the beam failure instance triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
· Extending the out-of-sync evaluation period requirements and beam failure evaluation period requirements by a same factor X can be considered. X can be 2 for DRX <= 40ms, and X can be 1.5 for 40ms <DRX <= 80ms.

Issue 2-4-3: Relaxation scheme and specification impact
FFS
· Option 1: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
· Option 2: no new subsection only for short DRX
Issue 2-4-4a: Different Relaxation factors between FR1 and FR2
· Different Relaxation factors are allowed for FR1 and FR2. 
· FFS whether to apply different relaxation factors for SSB and CSI-RS based evaluations in FR2 



In last meeting, 3 options are provided for RLM/BFD measurement relaxation. Basically, we agree that all options are applicable. Actually, UE behaviours in option 1 and option 2 are very similar. UE would skip 1 or 2 samples when performing the RLM/BFD measurement relaxation. As shown in below Figure 1, the only difference between option 1 and 2 is whether UE has to collect number of sample as many as Rel-15 RLM/BFD. At least for K=2, the time period to start the N310 counter is actually the same for both 2 options.

[image: ]
[bookmark: _Ref78674469]Figure 1: UE behavior in RLM/BFD measurement relaxation

From our point of view, some testing issues needs to be solved if option 2 is adopted. If option 2 is applied and evaluation period is not scaled up in the power saving mode, then in a conservative way we might have to further extend the SINR margin of Qout to ±6dB (with sample number 5 compared with extending evaluation period by K=2) and ±9dB (with sample number maybe 3 or 2 compared with extending evaluation period by K=4). Assuming that Qout is set as -10dB, when K=2, the corresponding margin will be ranged from -4dB to -16dB, and the maximal value -4dB is even higher than the Qin = -6B. It means that UE might trigger OOS indication even though the estimated SINR value is higher than Qin, which seems to be unreasonable from the test case design perspective and UE implementation perspective. 
[bookmark: _Ref78673942]Observation 1: The SINR margin for reduced sample method should to be extended but it will cause ambiguity on the SINR region of OOS indication and INS indication

However, considering that it is also important for RAN4 to allow different UE implementations as long as the RLF triggering delay can be guaranteed. We can also compromise and have following proposal
[bookmark: _Ref78673978]Proposal 4: RAN4 does not specify UE RLM/BFD relaxation behavior in the spec, at least we can specify the evaluation time when K=2 is 2* TRel15_RLM/BFD_evaluation, where TRel15_RLM/BFD_evaluation is as specified in clause 8.1.2.2 and 8.1.3.2 in TS 38.133 

For issue 2-4-2, our understanding is that the lower bound of RLM/BFD measurement evaluation period should also be increased; otherwise, it might not be able to save UE power consumption. So we have concern on option 1, where the lower bound is missing. For option 2b, because currently all proposed UE implementation in power saving mode need to extend the evaluation period, we don’t think UE can achieve the timing requirement proposed in option 2b, where the evaluation period is not extended. So we support option 3
[bookmark: _Ref78673980]Proposal 5: RAN4 specify the new evaluation period as K1* TRel15_RLM/BFD_evaluation, where TRel15_RLM/BFD_evaluation is as specified in clause 8.1.2.2 and 8.1.3.2 in TS 38.133
 
For issue 2-4-3, in Rel-16 there exists a separate section for requirement on ILDE mode power saving, so we think it is reasonable to follow the legacy rule and create a new section for the relaxed RLM/BFD requirements. However, we do not have very strong view on that.

According to the SLS simulation results [3], the appropriate SINR thresholds are very different for SSB based RLM/BFD and CSI-RS based RLM/BFD in different frequency ranges. For example, if UE would like to apply K=4 when its speed is 30km/hr, the appropriate entering SINR threshold for 
· SSB based RLM in FR1 is 0dB, for 
· SSB based BFD and CSI-RS based RLM in FR1 is 2dB, for
· CSI-RS based BFD in FR1 is 4dB, for 
· CSI-RS based RLM in FR2 is 12dB, for
· CSI-RS based BFD in FR2 is 18dB
Therefore, we suggest to have different configurations for different scenarios 
[bookmark: _Ref71576820][bookmark: _Ref71577420][bookmark: _Ref78673981]Proposal 6: Different configurations for SSB based RLM/BFD and CSI-RS based RLM/BFD in different frequency ranges are allowed  

For issue 2-4-4, according to the SLS simulation results [3], it is possible to apply K=4 in FR1, when entering SINR threshold is set as 0~4dB. From our evaluation results, UE might obtain approximately 8%~20% power saving gain. If only K=2 can be applied, the obtained power saving gain will reduce to approximately only 3%~7%. So we prefer to apply K=4 in FR1. On the contrary, in FR2 if UE would like to apply K=4, the entering SINR threshold should be increased a lot and up to 12~18dB. That entering condition is extremely high and it would limit the opportunity for UE to enter the power saving mode. Considering that there exist the trade-off between opportunity and power saving gain, we prefer to apply K=2 in FR2. Therefore, in order to provide flexible configuration in the spec, i.e., in the future deployment we can optimize the parameters, we prefer to allow different relaxation factors for FR1 and FR2.  
[bookmark: _Ref79100581]Proposal 7: Different relaxation factors for FR1 and FR2 should be allowed, so that we can have better balance between the opportunity for UE to enter the power saving mode and obtained power saving gain
4	Summary
In this contribution, we have the following observations:
Observation 1: The SINR margin for reduced sample method should to be extended but it will cause ambiguity on the SINR region of OOS indication and INS indication
And we propose
Proposal 1: Network to configure an offset threshold level Qoffset to UE as the serving cell quality criterion, which indicates how large the SINR threshold of entering condition should be, and UE is only allowed to enter power saving mode when the estimated SINR value is larger than Qrelax = Qout+ Qoffset
Proposal 2: Rel-16 RSRP attenuation is reused as the low mobility criterion of Rel-17 power saving, it is up to Network implementation on whether the low mobility criterion is necessary to be configured
Proposal 3: RAN4 does not to specify a different exiting conditions in the spec, but UE has to leave power saving mode once entering condition is not fulfilled
Proposal 4: RAN4 does not specify UE RLM/BFD relaxation behavior in the spec, at least we can specify the evaluation time when K=2 is 2* TRel15_RLM/BFD_evaluation, where TRel15_RLM/BFD_evaluation is as specified in clause 8.1.2.2 and 8.1.3.2 in TS 38.133
Proposal 5: RAN4 specify the new evaluation period as K1* TRel15_RLM/BFD_evaluation, where TRel15_RLM/BFD_evaluation is as specified in clause 8.1.2.2 and 8.1.3.2 in TS 38.133
Proposal 6: Different configurations for SSB based RLM/BFD and CSI-RS based RLM/BFD in different frequency ranges are allowed  
Proposal 7: Different relaxation factors for FR1 and FR2 should be allowed, so that we can have better balance between the opportunity for UE to enter the power saving mode and obtained power saving gain
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Title:	LS on Rel-17 connected mode power saving
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Release:	Rel-17
Work Item:	NR_UE_pow_sav_enh-Core

Source:	RAN WG4
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Cc:	
Contact Person:	
Name:	Din-hwa Huang
E-mail Address:	Althea.huang@mediatek.com

1. Overall Description:
RAN4 has reached consensus on the Rel-17 connected mode UE power saving discussion. The related conclusions are listed and informed to RAN2 in this LS. 

For UE who supports connected mode power saving, two separate criteria, i.e., serving cell quality criterion and low mobility criterion, can be configured by network, and RLM/BFD measurement relaxation is allowed in the following scenarios: 
	• Scenario 1: Network configures serving cell quality criterion but not low mobility criterion. 
	UE is allowed to enter power saving mode when serving cell quality criterion is fulfilled, while the verification on whether UE is in low mobility is up to UE implementation.
	• Scenario 2: Network configures both serving cell quality criterion and low mobility criteria criterion
	UE is allowed to enter power saving mode when both serving cell quality criterion 
	and low mobility criterion are fulfilled
 
Where: 
Serving cell quality criterion: 
	• An offset threshold level Qoffset will be configured by Network and UE is allowed to enter power saving mode when serving cell quality criterion is fulfilled, i.e., the estimated SINR value for RLM/BFD is larger than Qrelax = Qout+ Qoffset.
	• Values of Qoffset are ranged from [10]dB to [30]dB with 1 dB granularity, and can be configured separately for the following 4 scenarios:
1. FR1 SSB-based RLM and BFD
2. FR1 CSI-RS based RLM and BFD
3. FR2 SSB-based RLM and BFD
4. FR2 CSI-RS based RLM and BFD

Low mobility criterion: 
	• The same rules with Rel-16 low mobility criterion lowMobilityEvalutation-r16 are applied, with new configured Rel-17 threshold pair. This threshold pair value can be applied for different scenarios, including SSB-based RLM/BFD, CSI-RS based RLM/BFD in FR1 and FR2. 

Further updates will be sent to RAN2 once RAN4 reaches further conclusions.

2. Actions:
ACTION: RAN4 respectfully asks RAN2 to take above RAN4 conclusions into consideration in the future works.
3. Date of Next RAN4 Meetings: 
TSG-RAN4 Meeting #100-bis-e		Online
TSG-RAN4 Meeting #101-e		Online
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