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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 #101 meeting are listed as follows:
	· 3GPP RAN4 #101 meeting (October and November, 2021, Work phase)
· Discuss and specify, if agreed: 
· Relaxation method and the corresponding criteria and scenarios for RLM/BFD 
· LS final RRC parameters to RAN2, if needed
· draft CR(s) on core part in TS38.133 



In this paper, we discuss the remaining issue on good serving cell criterion and low mobility criterion. According to the agreed work plan, in #101-e meeting, RAN4 should conclude the related signalling and inform RAN2 the final decision. Therefore, we provide one draft LS in appendix for companies to check.
2	RLM/BFD measurement relaxation applicability
In last meeting, open issues for relaxation applicability are listed as follows: 
	Issue 1-1-2: UE capability for low mobility criteria?
· Option 1: RAN4 to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving 
· Option 2: No need to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving
· Other options are not precluded.
Issue 1-2-B: whether the good serving cell quality criterion is mandatory to be configured, when network would like to enable RLM/BFD relaxation, assuming the good serving cell quality criterion is configurable?
· Option 1: No. The criterion is NOT mandatory to be configured to enable RLM/BFD relaxation (OPPO, [Nokia], ZTE, Ericsson, Nokia, Ericsson, Apple)
Note: if the criteria is not configured, the good serving cell quality state can be determined by network implementation
· Option 2: Yes. The criterion is mandatory to be configured to enable RLM/BFD relaxation. (CATT, MTK, Huawei, Intel, CMCC, Qualcomm, vivo, Xiaomi)
Issue 1-2-C: whether to have an explicit indication to enable RLM/BFD relaxation, assuming the good serving cell quality criterion is predefined?
· Option 1: Yes. An explicit indication to indicate the good serving cell quality criterion shall be evaluated
· Option 2: No. UE shall evaluate the predefined criterion. 
Note: Whether UE can enter the relaxation mode depends on the outcome of Issue 1-1-B, regarding whether the low mobility criterion is mandatory to be configured
Issue 1-3: dedicated signaling to indicate the UE when it is allowed to relax the RLM/BFD measurements
Proposals
· Option 1: Allow explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration 
· Option 2: No 



For issue 1-1-2, as we explained in the previous meetings, we compromise with reusing Rel-16 low mobility criterion because RAN4 needs a clear defined performance metric for the testing purpose. However, we are also aware of companies’ concern on the mismatch issue caused by “applying L3 low mobility criterion to determine the SINR variation of L1 RLM/BFD measurement.” In addition to the drawback that Rel-16 low mobility criterion may not be able to correctly reflect the SINR variation, we also see a timing issue -- L3 measurement and L1 measurement are performed based on different measurement rules and the measurement outcomes may not be able to obtain simultaneously. L3 measurements could be slow, while L1 measurements are usually faster. This timing difference might be variated with different RS configurations, and it complicates the UE implementation. So we suggest to introduce a UE capability for that 
[bookmark: _Ref92730801][bookmark: _Ref71577417][bookmark: _Ref78673976][bookmark: _Hlk92719635]Proposal 1: RAN4 to create a feature for RLM/BFD relaxation in Rel-17 feature table
[bookmark: _Ref92730802]Proposal 2: RAN4 to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving 

	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD diff.
	Need of FR1/FR2 diff.
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/ Optional

	X. NR_UE_pow_sav_enh
	X-1
	RLM/BFD relaxation based on good serving cell criterion 
	Capability of supporting RLM/BFD relaxation based on good serving cell criterion 
	
	yes
	no
	UE does not support RLM/BFD relaxation
	per UE
	No
	No
	
	
	Optional with capability signalling

	
	X-1a
	RLM/BFD relaxation based on both good serving cell criterion and low mobility criterion
	Capability of supporting RLM/BFD relaxation based on both good serving cell criterion and low mobility criterion
	X-1
	yes
	no
	UE does not support evaluating low mobility criterion to determine whether RLM/BFD relaxation is allowed
	per UE
	No
	No
	
	
	Optional with capability signalling



For issue 1-2-B, considering that whether serving cell quality is good enough can only be evaluated on the UE side, we do see necessity for Network to configure the serving cell criterion in Rel17 power saving. We provide 2 cases to explain the necessity
· It is possible that UE is located in the cell center and moving slowly, but its signal is blocked. 
· It is also possible that UE is moving with very low speed but approaching to the cell edge. 
In the aforementioned 2 cases, it is risky to allow UE to enter the measurement relaxation mode while it would become possible if only low mobility criterion is configured. So our view is good serving cell criteria should be mandatory configured.
[bookmark: _Ref92730804]Proposal 3: Good serving cell criteria is mandatory configured when network would like to enable RLM/BFD relaxation on UE side

[bookmark: _Hlk92724933]For issue 1-2-C, our understanding is if good serving cell quality criterion is predefined, then an explicit indication to indicate the good serving cell quality criterion shall be evaluated is needed; otherwise, UE will always monitor good serving cell quality criterion once it reports to support RLM/BFD relaxation.
[bookmark: _Ref92730805]Proposal 4: An explicit indication to indicate the good serving cell quality criterion shall be evaluated is needed if good serving cell quality criterion is predefined

For issue 1-3, Network can only configure criteria when they think RLM/BFD relaxation is possible, so we don’t think RAN4 needs to introduce an explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration.
[bookmark: _Ref92730809]Proposal 5: RAN4 does not introduce an additional explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration
[bookmark: _Ref68084999]3	RLM/BFD measurement relaxation criteria
We then discuss the relaxation criteria. 

	Issue 2-1-2: Accuracy requirements for low mobility criteria
· [bookmark: _Hlk92726146]Option 1: The RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10. (Nokia, Intel, Ericsson)
· Other options are not precluded.
Issue 2-1-4: Additional Low mobility criteria
· Option 1: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change) (Nokia)
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. (Nokia)
· Option 1a: Relaxed mode operation for RLM/BFD is allowed if UE has not done any beam failure detection over last X (e.g. X=1) evaluation period. (Ericsson)
· Option 2: Use the following low mobility evaluation for BFD: (Qualcomm)
For a serving cell, the change in the difference between SINR of its BFD RSs and the largest SINR of other non-QCLed beams is lower than a threshold configured by network. Network can configure BFD RS with two non-QCLed RSs to enable the SINR comparison between serving and other non-QCLed beams.
· Option 2a: Define L1-SINR measurement accuracy requirement for BFD low mobility evaluation purpose. (Qualcomm)
· Option 3: not to define any additional low mobility criteria. (Huawei, Apple, Intel, vivo, CATT, MTK, Xiaomi, OPPO)
Issue 2-2: Low mobility criteria configuration type
· [bookmark: _Hlk92727612]Option 1: Low mobility criterion is configured on per-UE basis, and UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to that in the NR PSCell for the case of EN-DC. (Vivo, MTK, CMCC, Oppo)
· Option 2: on per-cell basis (CMCC)
· Option 3: leave for RAN2 to decide. 
Issue 2-3: RAN4 or RAN2 to define the low mobility criteria
· Option 1: Low mobility criterion is preferred to be further discussed in RAN2. (Vivo, Qualcomm)
· Option 2: Be discussed in RAN4. (MTK, Nokia, Ericsson, Oppo)
Issue 3-2-1: good serving cell quality criteria for RLM
The good serving cell quality criteria for RLM is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.    
· Option 1: Qx = Qout.
· Note: Larger value of X can be considered. 
· Note: Companies are encouraged to provide the range/value of offset X.
· Option 2: Qx = Qin
· Option 2a: Qx = Qin, while set offset as X = 0 dB. 
Issue 3-2-2: good serving cell quality criteria for BFD
The good serving cell quality criteria for BFD is
· Option 1: radio link quality >  Qout_LR + Y (dB).  
Note: Companies are encouraged to provide the range/value of offset Y.
Note: Larger value of Y can be considered. 
· Option 2: radio link quality >  Qin_LR + Y (dB). 
· Option 2a: The value of Y can consider the PDCCH BLER performance for BFD based on SSB or CSI-RS. 
· Option 2b: Y = 0.   

Issue 3-3-1: predefined or configured offset (X in Issue 3-2-1, Y in Issue 3-2-2)
· Option 1: The offset values are configured to the UE by the network. 
· Option 2: Use predetermined offset value. 
· Option 2a: The threshold for determining the good serving cell quality is pre-defined as in existing RLM evaluation principle and offset values on top of the existing requirement can be considered. 
· Option 2b: Use predetermined offset value of 5dB. 
· Option 2c: The threshold for determining the good serving cell quality is pre-defined as Qin, and no need to define any offset values. 
Issue 3-3-2: if offset is predefined for RLM, the offset value X 
· Option 1: Where X depends on max(TDRX, TSSB).
· X = X1 when max(TDRX, TSSB) < 40 ms
· X = X2 when max(TDRX, TSSB) ≥ 40 ms.
· X1 and X2 are predefined and decided based on summary of simulation results that was conducted earlier in WI..
· X is smaller in FR2 compared to FR1.
· Option 1a: X = 0.  Threshold is same as existing Qin.
· Option 2: a unified offset value for RLM.


Issue 3-3-3: if offset is predefined for BFD, the offset value Y
· Option 1: Where Y depends on max(TDRX, TSSB) and 
· Y = Y1 when max(TDRX, TSSB) < 40 ms
· Y = Y2 when max(TDRX, TSSB) ≥ 40 ms.
· Y1 and Y2 are predefined and decided based on summary of simulation results that was conducted earlier in WI.
· Y is smaller in FR2 compared to FR1.
· Option 1a: Y = 0. Threshold is same as existing Qin_LR
· Option 2: a unified offset value for BFD.


Issue 3-3-4: different offsets for RLM and BFD
· Option 1: The offset values for deriving the threshold used for good serving cell quality criterion can be different for RLM relaxation and BFD relaxation. 
· Option 2: Same threshold if the same set of RSs are used. 
· Option 3: using Qin and Qin_LR as the entering criteria, there is no need to define offset value, or the offset values are assumed to be 0. 

Issue 3-4: Good serving cell quality criteria configuration type
· Option 1: Cell quality criterion is effective on per-cell basis, either activated by explicit thresholds configuration on per-cell basis or by other broadcast/dedicated Signaling on per-cell basis. (Vivo, CMCC)
· Option 2: per-UE basis (MTK)
· Option 3: leave for RAN2 to decide.




For issue 2-1-2, it is intuitive to reuse the RRM measurements accuracy requirements for low mobility evaluation.
[bookmark: _Ref92730811]Proposal 6: RAN4 to reuse the RRM measurements accuracy requirements for low mobility evaluation
 
For issue 2-1-4, 2-2 and 2-3, in our understanding, even though there is no clear defined performance metric to test corresponding performance in RAN4, the mobility detection is a very basic function and generally both UE and Network have their own evaluation method which can provide accurate estimation results. There is no need to introduce an additional mobility criterion for RLM/BFD relaxation. In addition, the study phase has already been concluded, there is no plenty of time (Rel-17 ASN.1 should be finalized in 2022 Q1) for companies to do the evaluation and provide further views to RAN2. So we suggest
[bookmark: _Ref92730812]Proposal 7: RAN4 does not define any additional low mobility criteria in RLM/BFD relaxation
[bookmark: _Ref92730814]Proposal 8: Low mobility criterion is configured on per-UE basis as legacy design
[bookmark: _Ref92730815]Proposal 9: Low mobility criterion is determined and discussed in RAN4

For issue 3-2-1 and 3-2-2, considering that Qin_LR is not the threshold for SINR, we do not think it is reasonable to apply it as the reference point of SINR threshold. We also have concern on applying different reference points in RLM and BFD, i.e., applying Qin in RLM and Qout_LR in BFD. So we suggest to agree an unified design for good serving cell quality criteria and apply Qout and Qout_LR as the reference points in RLM and BFD, respectively
[bookmark: _Ref85487905]Proposal 10: RAN4 to conclude that an offset threshold value SINRoffset to Qout/Qout_LR will be configured to the UE by network to indicate the good serving cell quality criteria

For issue 3-3-1, 3-3-2, 3-3-3, and 3-3-4, some companies support predefined criteria because they have concern that it might exist too many cases to be tested if good serving cell quality criterion is configurable. However, according to the SLS we provided [3], the appropriate offset value of SINR threshold might range from 8dB to 20dB depending on scenarios, it is also difficult to use only 1 predefined value for all cases. So we suggest to limit the configured vales as a compromise solution for this issue and propose
[bookmark: _Ref92730818]Proposal 11: Good serving cell criteria is configurable by Network. The offset SINR value is selected from a predefined set [[8]dB, [12]dB, [16]dB, [20]dB]

We suggest that the offset value Qoffset 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
[bookmark: _Ref92730819]Proposal 12: Offset value Qoffset can be configured for RLM/BFD relaxation separately in different frequency ranges and RS types
[bookmark: _Ref92732335]Proposal 13: Good serving cell criteria is configured on per-UE basis as legacy design
3	Exiting relaxation criteria, formula of relaxed evaluation period, and relaxation factors
Open issues for exiting relaxation criteria, formula of relaxed evaluation period, and relaxation factors are listed as follows: 
	Issue 5-1: lower bound of relaxed evaluation period
· Option 1: the lower bound of relaxed evaluation period is also relaxed. (CATT, Xiaomi, Ericsson, MTK, vivo)
· Option 2: the lower bound of relaxed evaluation period is NOT relaxed. (CMCC, Nokia, Qaulcomm, Apple, Oppo)
[bookmark: _Hlk92729602]Issue 5-2: relaxation factors
· The maximum allowed relaxation factor should be less than 8
· The relaxation factor for FR1: 
· TRS is the periodicity of SSB for the case of SSB based, and the periodicity of CSI-RS for the case of CSI-RS based.
· [bookmark: _Hlk87456476]K0, FR1 =1 for 80 ms < MAX(TDRX, TRS) ≤ 160 ms. 
· K1, FR1=[2, 3 or 4] for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1=[2, 3, or 4] for MAX(TDRX, TRS) ≤ 40 ms
· FFS select between [2,3,4]
· The relaxation factor for FR2 SSB:
· K0, FR2, SSB = 1 for [80] ms < MAX(TDRX, TSSB) ≤ 160 ms 
· K1, FR2, SSB= [1.5 or 2] for MAX(TDRX, TSSB) ≤ [80] ms for SSB based relaxation.
· The relaxation factor for FR2 CSI-RS:
· K0, FR2, CSI-RS =1 for 80 ms < MAX(TDRX, TCSI-RS) ≤ 160 ms 
· K1, FR2, CSI-RS = 2 for MAX(TDRX, TCSI-RS) ≤ 80 ms for CSI-RS based relaxation.
Issue 5-3: OOS indication during relaxation mode
· Option 1: Same as in legacy RLM procedure, UE indicates OOS when the measured SINR becomes worse than Qout during the relaxed mode. (CATT, CMCC, Ericsson, Apple)
· Option 2: Do not send OOS indication in relaxation mode. UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence. (Qualcomm, Nokia, Huawei, Intel)
· Option 3: no need to further discuss (MTK, Xiaomi)
· Option 4: depends on other issue (vivo, OPPO)
Issue 5-4: Additional N310/N311 values for relaxation mode  
· 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.   (Nokia)
· Option 2: no need (Huawei, Ericsson)



For issue 5-1, RAN4 had agreed on the new evaluation period based on Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS)) and whether to apply relaxation factor on lower bound of relaxed evaluation period is FFS. In our understanding, relaxation on lower bound is necessary for some corner cases, e.g., CSI-RS periodicity is 5ms, short DRX cycle is also 5ms. Then 5*30= 150ms < 200ms. The low bound should also be extended; otherwise, no power saving gain can be obtained on UE side.
[bookmark: _Ref85487909]Proposal 14: Relaxation factor K should also be applied on lower bound of relaxed evaluation period 

For issue 5-2, based on our SLS evaluation results, K=4 in FR1 and K=2 in FR2 are the feasible setting, so we support
[bookmark: _Ref85487910]Proposal 15: Relaxation factors are set to K=4 in FR1 and K=2 in FR2 irrespective of DRX cycle and periodicity of target RS

For issue 5-3, our understanding is this is the UE implementation issue and it can’t be tested. We prefer to focus on issues that do have spec impact.
3	Other aspects
Open issues for other aspects are listed as follows: 
	Issue 6-1: Relaxation criteria for multiple RLM-RS/BFD-RS
· Option 1: Entering power saving mode when at least one of the configured resources are better than the entering threshold. (Qualcomm, MTK, Xiaomi, Oppo)
· Option 2 (CMCC, Ericsson)
· 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 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 are FFS.
· Option 3: The UE behaviour on checking the entering/exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified. (vivo, MTK)
· Option 4: relaxation is based on per-RS basis (Nokia)



For issue 6-1, we support option 1, but we can also accept option 3. 
[bookmark: _Ref92730827][bookmark: _Ref85829182]Proposal 16: The relaxation condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is better than the entering threshold for any RLM/BFD RS resource. 
4	Summary
In this contribution, we propose
Proposal 1: RAN4 to create a feature for RLM/BFD relaxation in Rel-17 feature table
Proposal 2: RAN4 to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving
Proposal 3: Good serving cell criteria is mandatory configured when network would like to enable RLM/BFD relaxation
Proposal 4: An explicit indication to indicate the good serving cell quality criterion shall be evaluated is needed if good serving cell quality criterion is predefined
Proposal 5: RAN4 does not introduce an additional explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration
Proposal 6: RAN4 to reuse the RRM measurements accuracy requirements for low mobility evaluation
Proposal 7: RAN4 does not define any additional low mobility criteria in RLM/BFD relaxation
Proposal 8: Low mobility criterion is configured on per-UE basis as legacy design
Proposal 9: Low mobility criterion is determined and discussed in RAN4
Proposal 10: RAN4 to conclude that an offset threshold value SINRoffset to Qout/Qout_LR will be configured to the UE by network to indicate the good serving cell quality criteria
Proposal 11: Good serving cell criteria is configurable by Network. The offset SINR value is selected from a predefined set [[8]dB, [12]dB, [16]dB, [20]dB]
Proposal 12: Offset value Qoffset can be configured for RLM/BFD relaxation separately in different frequency ranges and RS types
Proposal 13: Good serving cell criteria is configured on per-UE basis as legacy design
Proposal 14: Relaxation factor K should also be applied on lower bound of relaxed evaluation period
Proposal 15: Relaxation factors are set to K=4 in FR1 and K=2 in FR2 irrespective of DRX cycle and periodicity of target RS 
Proposal 16: The relaxation condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is better than the entering threshold for any RLM/BFD RS resource.
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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. Where serving cell quality criterion is necessary to be configured if Network would like to trigger the RLM/BFD measurement relaxation on UE sides, while whether low mobility criterion should also be configured depending on Network implementation. The 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 selected from a predefined set [Qoffset_1, Qoffset_2,…., Qoffset_N] and configured by Network, where N=[4] and corresponding values are FFS. Offset value Qoffset can be configured separately for the following 4 scenarios:
1. FR1 SSB-based RLM and BFD
1. FR1 CSI-RS based RLM and BFD
1. FR2 SSB-based RLM and BFD
1. 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 #102-e		Online
TSG-RAN4 Meeting #102-bis-e		Online


