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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #102e meeting, RAN4 had reached consensus on most of the issues for Rel-17 power saving, i.e., relaxation applicability¸ details of good serving cell quality criterion and low mobility criterions [1]. In this paper, we provide views on the remaining issues including: rules for UE to enter and exit the power saving mode when multiple RLM-RS/BFD-RS are considered, completeness of low mobility criterion's description, and open issues related to the RAN2 spec.
2	RLM/BFD measurement relaxation 
In last meeting, open issues for relaxation applicability are listed as follows [2]: 
	
Issue 2-6-2: Clarification on multiple RLM-RS/BFD-RS
· The following can be clarified in the maintenance phase
· [bookmark: _Hlk101429102]For entering condition, 
· Option 1: the radio link quality of at least one RLM-RS is better than the entering threshold. (Huawei, Qualcomm, Xiaomi, Apple, vivo. OPPO)
· 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 (e.g. Qout + X1) for all RLM-RS resource. (CMCC, Ericsson, CATT, Nokia, ZTE)
· Option 3: pending by other issues (Intel)
· For exiting condition, 
· [bookmark: _Hlk101429199]Option 1: the radio link quality for all the RLM-RS resources are worse than the exiting threshold. (Huawei, Qualcomm, Apple, OPPO)
· Option 2: The UE shall exit the relaxed mode when the radio link quality is worse than the threshold (e.g. Qout + X2) for any the RLM-RS resources. (CMCC, Ericsson, CATT, Nokia, ZTE)
· Option 3: The UE behaviour on checking the exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified. (vivo, Xiaomi)
· Option 4: pending by other issues (Intel)
 




	TS 38.213 
5          Radio link monitoring
The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to higher layers.
[bookmark: _Ref500595654][bookmark: _Toc12021443][bookmark: _Toc20311555][bookmark: _Toc26719380][bookmark: _Toc29894811][bookmark: _Toc29899110][bookmark: _Toc29899528][bookmark: _Toc29917265][bookmark: _Toc36498139][bookmark: _Toc45699165][bookmark: _Toc90376652]6          Link recovery procedures
In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the SS/PBCH blocks on the PCell or the PSCell and/or the periodic CSI-RS configurations in the set  that the UE uses to assess the radio link quality and 2 msec. In DRX mode operation, the physical layer provides an indication to higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined as described in [10, TS 38.133].



For issue 2-6-2, according to the radio link monitoring/link recovery procedure rules specified in TS38.213, UE shall claim out-of-sync/provides an indication to higher layers when the radio link quality is worse than the threshold Qout/ Qout,LR for all resources in the set of resources for radio link monitoring. It means that the RLF/beam failure can be avoided even though there exists only one RLM-RS/BFD-RS resource on that UE can maintain the good radio link. Therefore, based on that principles, we think that UE should be allowed to enter the power saving mode when the radio link quality of at least one RLM-RS/BFD-RS is better than the entering threshold; otherwise, UE will have almost no chance of entering power saving mode, because it is hardly for UE to simultaneously receive good radio link quality in all different beam directions. So we propose
[bookmark: _Ref95772053][bookmark: _Ref101697477]Proposal 1: For entering condition, UE is allowed to enter the power saving mode when the radio link quality of at least one RLM-RS is better than the entering threshold; for exiting condition, UE should exit the power saving mode when the radio link quality for all the RLM-RS resources are worse than the exiting threshold

[bookmark: _Ref101697478]Proposal 2: For entering condition, UE is allowed to enter the power saving mode when the radio link quality of at least one BFD-RS is better than the entering threshold; for exiting condition, UE should exit the power saving mode when the radio link quality for all the BFD-RS resources are worse than the exiting threshold
3	Other remaining issues
[bookmark: _Hlk101694413]In Rel-16, the descriptions on low mobility criterion specified in TS38.304 are split into 2 sections. The criterion rules are specified in section 5.2.4.9.1 and how the whole low mobility criterion can be viewed as fulfilled is specified in section 5.2.4.9.0, i.e., the rules specified in section 5.2.4.9.1 must be fulfilled for a period of time TSearchDeltaP.

	TS 38.304
[bookmark: _Toc534930842][bookmark: _Toc37298564][bookmark: _Toc46502326][bookmark: _Toc52749303]
5.2.4.9.0	Relaxed measurement rules
When the UE is required to perform measurements of intra-frequency or NR inter-frequencies or inter-RAT frequency cells according to the measurement rules in clause 5.2.4.2:
   …
- if both lowMobilityEvaluation and cellEdgeEvaluation are configured; and, 
   …
- if the relaxed measurement criterion in clause 5.2.4.9.1 is fulfilled for a period of TSearchDeltaP; and,
  …
· the UE may choose not to perform measurement for measurements of intra-frequency, NR inter-frequencies of equal or lower priority, or inter-RAT frequency cells of equal or lower priority;

[bookmark: _Toc534930843][bookmark: _Toc37298565][bookmark: _Toc46502327][bookmark: _Toc52749304]5.2.4.9.1	Relaxed measurement criterion for UE with low mobility
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The relaxed measurement criterion for UE with low mobility is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP,
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
-	After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP:
-	The UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.




However, in Rel-17, RAN2 only captures criterion rules in section 5.7.13.1 of TS38.331. That is based on the RAN4 LS “RAN4 confirms that configuration for RLM/BFD relaxation, and criteria for RLM/BFD are captured in RAN2 specification, while how the whole low mobility criterion can be viewed as fulfilled is specified in the relaxation requirements/approaches in RAN4 specification.” 
	[bookmark: _Toc100929829]TS 38.331

5.7.13.1	Relaxed measurement criterion for low mobility
The relaxed measurement criterion for UE with low mobility in RRC_CONNECTED is fulfilled when:
-	(SS-RSRPRef – SS-RSRP) < SSearchDeltaP-Connected,
Where:
-	SS-RSRP = current L3 RSRP measurement of the SpCell based on SSB (dB).
-	SS-RSRPRef = reference L3 RSRP measurement of the SpCell based on SSB (dB), set as follows:
-	After receiving low mobility criterion configuration, or
-	After MAC of the CG successfully completes a Random Access procedure after applying a reconfigurationWithSync in spCellConfig of the CG while low mobility criterion is configured, or
-	If (SS-RSRP - SS-RSRPRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP-Connected:
-	The UE shall set the value of SS-RSRPRef to the current SS-RSRP value of the SpCell.




And the corresponding measurement rules are now specified in TS38.133 shown as follows:
	TS 38.133

8.1.1.1	Introduction of Requirement on Radio Link Monitoring for UE Configured with Relaxed Measurement Criteria
For the UE supports [connected mode power saving] and configured with explicit signaling [TBD]: 
-	when the UE is not performing intra-band carrier aggregation configured with CSI-RS based RLM and CSI-RS based BFD on SCell, and
-	UE has fulfilled good serving cell quality criterion defined in [TBD] if the low mobility criteria is not configured, or
-	UE is also configured with low mobility criterion defined in [TBD] and UE has fulfilled both good serving cell quality criterion defined in [TBD] and low mobility criterion defined in [TBD]. 
-	when the UE is performing intra-band carrier aggregation configured with CSI-RS based RLM and CSI-RS based BFD on SC5ell, and
-	UE has fulfilled good serving cell quality criterion defined in [TBD] for CSI-RS based RLM on SpCell and for CSI-RS based BFD on serving cell if the low mobility criteria is not configured, or 
-	the UE is configured with low mobility criterion defined in [TBD], and UE has fulfilled both good serving cell quality criterion defined in [TBD] and low mobility criterion defined in [TBD] for CSI-RS based RLM on SpCell and for CSI-RS based BFD on a serving cell.




To align the Rel-16 low mobility criterion and Rel-17 low mobility criterion rules, we suggest to modify the corresponding principles in RAN4 spec
[bookmark: _Ref101697480]Proposal 3: Low mobility criterion should be viewed as fulfilled if low mobility condition specified in 5.7.13.1 of TS 38.331 has fulfilled for a period of TSearchDeltaP, connected

We also provide draft CR for this modification [3].

In the meanwhile, the RAN2 spec still has some editor’s note and the last one of them might need RAN4’s clarification:

	TS 38.331

Editor's NOTE: Whether serving cell quality criterion is configured per Scell for BFD needs RAN4 confirmation.
Editor's NOTE: Current text assumes the low mobility criterion is configured commonly for RLM and BFD. It is FFS whether the low mobility criterion can be configured independently for RLM and BFD.
Editor’s NOTE: Values and range of SearchDeltaP-Connected and t-SearchDeltaP-Connected are still FFS in RAN4.



It is intuitive that IDLE mode and CONNECTED mode would have similar values and range for low mobility criterion settings, so we propose
[bookmark: _Ref101697481]Proposal 4: Values and range of Rel-16 parameters SSearchDeltaP and TSearchDeltaP can be reused for the values and range of Rel-17 parameters SearchDeltaP-Connected and TSearchDeltaP, connected
4	Summary
In this contribution, we have following proposals:
Proposal 1: For entering condition, UE is allowed to enter the power saving mode when the radio link quality of at least one RLM-RS is better than the entering threshold; for exiting condition, UE should exit the power saving mode when the radio link quality for all the RLM-RS resources are worse than the exiting threshold
Proposal 2: For entering condition, UE is allowed to enter the power saving mode when the radio link quality of at least one BFD-RS is better than the entering threshold; for exiting condition, UE should exit the power saving mode when the radio link quality for all the BFD-RS resources are worse than the exiting threshold
Proposal 3: Low mobility criterion should be viewed as fulfilled if low mobility condition specified in 5.7.13.1 of TS 38.331 has fulfilled for a period of TSearchDeltaP, connected
Proposal 4: Values and range of Rel-16 parameters SSearchDeltaP and TSearchDeltaP can be reused for the values and range of Rel-17 parameters SearchDeltaP-Connected and TSearchDeltaP, connected
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