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1. Introduction
In RAN#88-e, a new Rel-17 work item on UE power saving enhancement for NR was approved in [1]. One objective of the UE power saving enhancements WID is as below:

	1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]

a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 

· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.

b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]

· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


In the past RAN4 meetings, some progresses have been made in RAN4, including evaluation, criteria definition, relaxation methods, the corresponding conclusions are included in the LS [2] from RAN4. In this contribution, we will discuss some potential RAN2 impacts on RLM and/or BFD relaxation for UE power saving from signaling point of view. 
2. Discussion

2.1. Configuration for RLM/BFD relaxation
In the WID [1], the objective on RLM and/or BFD measurement relaxation is led by RAN4, and the supplementary RAN2 work can be triggered by RAN4 LS. In RAN4 LS [2], some conclusions have been made in RAN4 including the configuration of relaxation, and definition of relaxation criteria, etc. 
As we known, both RLM and BFD are RRC specific procedures based on the L1 measurements and indication from lower layer. The corresponding requirements are defined in RAN4 specification. Both procedures are critical for the link monitoring and maintenance. Thus, whether and when to perform RLM/BFD relaxation should be strictly controlled by network side. 
In RAN4, it was agreed that Network to enable and disable this feature. (in RAN4 #98e). In this way, RLM/BFD relaxation should be configured and controlled by network. There are two options for the configuration to enable/disable this feature:

· Option 1: Explicit indication (e.g. 1bit) to enable/disable the RLM/BFD relaxation
· Option 2: Implicit indication to enable/disable the RLM/BFD relaxation
Based on the current conclusions in RAN4, two criteria are defined for relaxation, i.e. serving cell quality and UE mobility state: Whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state. (in RAN4 #98e-bis). 
For serving cell quality, the corresponding threshold could be configurable or pre-defined, it is still FFS. If it is pre-defined, there would be no corresponding configuration. If it is configurable, then, RRC signaling needs to be designed. 
For UE mobility state, RAN4 have agreed that Rel-16 low mobility criterion based on L3 RSRP measurement variation is reused. But during RAN4 discussion, some companies also think this criterion could be optional. When it is absent, mobility state could be based on UE determination, e.g. by mobility state or implementation. 
In this way, when RLM/BFD relaxation needs to be performed, whether the corresponding criteria needs to be configured depends on the detailed design for criteria. 
Observation 1: When RLM/BFD relaxation needs to be performed, whether the corresponding criteria needs to be configured depends on the detailed design for criteria.
If the relaxation criteria (e.g. serving cell quality threshold and/or parameters for low mobility criteria) needs to be configured, the enable/disable for RLM/BFD relaxation could be implicitly indicated by the configuration of criteria. This is also similar as Rel-16 RRM relaxation. When there is configuration for corresponding criteria, it is implicitly indicated the RLM/BFD relaxation is enabled. Otherwise, the RLM/BFD relaxation is disabled.
If it is finally agreed that the RLM/BFD relaxation could be performed based on pre-defined configuration (i.e. no need for any configuration), explicit indication (e.g. 1bit) should be introduced to enable/disable the RLM/BFD relaxation.
Proposal 1: The enable and disable for RLM/BFD relaxation should be controlled by network:
· If the relaxation criteria (e.g. serving cell quality threshold and/or parameters for low mobility criteria) needs to be configured, the enable/disable for RLM/BFD relaxation could be implicitly indicated by the configuration of criteria;
· Otherwise (i.e. if any configuration is no needed for RLM/BFD relaxation, e.g. based on pre-defined parameters), explicit indication (e.g. 1bit) is introduced to enable/disable the RLM/BFD relaxation.
Regarding how to provide the corresponding configuration, e.g. criteria configuration, or enable/disable indication, there are two methods:
· Option 1: By broadcast in SIB, which is applicable for all UEs in this cell

· Option 2: By dedicated signaling, which is applicable for the corresponding UE
Considering the RLM/BFD configuration in RadioLinkMonitoringConfig is dedicated signaling in BWP-DownlinkDedicated, it is more reasonable to also configure the RLM/BFD relaxation in dedicated signaling. Besides, different UEs may have different requirements on traffics or service levels. UE specific configuration in dedicated signaling could provide more flexibility. 
Proposal 2: The configuration of RLM/BFD relaxation (e.g. criteria configuration, or enable/disable indication) should be provided in UE specific dedicated signaling (e.g. together with RadioLinkMonitoringConfig in BWP-DownlinkDedicated). Details could be further discussed during normative phase in running CR.
Moreover, in RAN4 #99e meeting, the following agreement was achieved:

· Relaxed BFD/RLM requirements shall be supported for all deployment scenarios supported by current specification which includes: NR SA, EN-DC, NE-DC, NR intra-band CA, NR inter-band CA and NR-DC.

It is simple for NR SA deployment that the above configuration is provided per-UE. But for CA and DC deployments, we need to discuss whether the above dedicated configuration could be provided per-CG (i.e. separate between MCG and SCG) or per-CC (i.e. separate between Pcell/Pscell and Scell). 
For RLM procedure, the corresponding timers and counters to determine RLF is configured separately between MCG and SCG. Considering DC may be deployed cross FR, e.g. MN is deployed on FR1, while SN is deployed on FR2. There would be different requirements FR1 and FR2 for RLM/BFD. Thus, the configuration (e.g. threshold) should be separate between MCG and SCG. 
For BFD, it could be performed separately on Pcell/Pscell and Scell, there will be higher power consumption and more flexibility if Pcell/PScell and Scell could be performed relaxation separately. If BFD relaxation could be configured per-CC, it may not consistent with RLM relaxation. It could be further discussed based on the detailed design for BFD relaxation methods and corresponding criteria. 
Proposal 3: The configuration of RLM/BFD relaxation (e.g. criteria configuration, or enable/disable indication) could be configured separately between MCG and SCG in DC case. 

Proposal 4: It is FFS whether the configuration of relaxation (at lease for BFD) could be configured separately between Pcell/PScell and Scell.
2.2. Criteria for RLM/BFD relaxation
Regarding the RLM/BFD relaxation criteria, RAN4 have concluded two criteria: serving cell quality and UE mobility state. 
For serving cell quality, RAN4 agreed that [2]: 
	· Good serving cell quality criteria of RLM/BFD relaxation is defined as the radio link quality is better than a threshold. The radio link quality in good serving cell quality criteria for R17 RLM/BFD relaxation is based on SINR. (in RAN4 #98e-bis)
· UE reuse the SINR for RLM/BFD evaluation when determine whether the serving cell quality criteria is fulfilled or not (in RAN4 #99e)

· FFS: (in RAN4 #100e)

· SINR definition for good serving cell quality criteria

· predefined or configured threshold


It can be found that good serving cell quality is defined as the radio link quality (i.e. SINR) is better than a threshold, while the threshold could be pre-defined or configured, which is FFS and expected to be decided in RAN4. During RAN4 discussion, whether the threshold is an independent parameter or an offset over existing Qin/Qout is still being discussed. 
Observation 2: RAN4 concluded good serving cell quality is defined as the radio link quality (i.e. SINR) is better than a threshold. 
Observation 3: Whether the threshold for cell quality criterion is pre-defined or configurable, and how to configure it are still being discussed in RAN4. 
From RAN2 point of view, it is clear what serving cell quality means in NR SA. We need to discuss how to determine the radio link quality, i.e. SINR in CA/DC in different configuration scenarios. 
If serving cell quality is defined or configured as per-UE criterion, i.e. there is no separate configurations for MCG and SCG, or Pcell/PScell and Scell, serving cell quality should refer to Pcell. 
If serving cell quality is defined or configured as per-CG criterion, i.e. there is separate configurations for MCG and SCG, serving cell quality should refer to Pcell or PScell.

Proposal 5: For serving cell quality criterion:

· If serving cell quality is defined or configured as per-UE criterion, i.e. there is no separate configurations for MCG and SCG, or Pcell/PScell and Scell, serving cell quality should refer to Pcell. 

· If serving cell quality is defined or configured as per-CG criterion, i.e. there is separate configurations for MCG and SCG, serving cell quality should refer to Pcell or PScell.

For low mobility criterion, RAN4 agreed that [2]:
	· Low mobility criteria (in RAN4 #100e)
· Reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation.

· FFS the RSs for L3 RSRP measurement


In Rel-16, low mobility criterion is defined as below in TS 38.304 [3]:
	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.


From RAN2 point of view, the corresponding parameters for low mobility criterion, i.e. SSearchDeltaP, and TSearchDeltaP are configured by network. 
Proposal 6: If low mobility criterion is finally concluded in RAN4, the corresponding parameters, i.e. SSearchDeltaP, and TSearchDeltaP are configured by network.
Similar as cell quality criterion, how to determine the Srxlev value of the serving cell depends on how to provide configurations. 
Proposal 7: For low mobility criterion:

· If serving cell quality is defined or configured as per-UE criterion, i.e. there is no separate configurations for MCG and SCG, or Pcell/PScell and Scell, Srxlev value of the serving cell should refer to Pcell. 

· If serving cell quality is defined or configured as per-CG criterion, i.e. there is separate configurations for MCG and SCG, Srxlev value of the serving cell should refer to Pcell or PScell.

For Rel-16 low mobility criterion, is designed for relaxing RRM measurements used in cell reselection procedures in idle/inactive mode. The criterion is defined based on L3 RSRP measurement variation, i.e. UE is considered to be in low mobility state as long as the L3 RSRP measurement does not change much. For idle/inactive mode, normally the serving cell SSB measurement are considered as the metric for low mobility, which is cell quality derived based on multiple SSBs with different index are used in R16.
According to current specification, BFD is defined to monitor the beam level link quality, which could deal with mobility in L1. The measurement for BFD is evaluated based on L1 SINR measurements of RS configured for BFD. When low mobility criterion is defined for RLM/BFD relaxation in connected mode, the legacy criterion based on cell level measurement could only evaluate the L3 cell level measurement, which may not be accuracy enough to control the relaxation for at least BFD. Therefore, beam level measurement based criterion should be defined for relaxation for at least BFD. 
For example, when the movement for a UE is circling around the gNB. The cell quality may not change much, which will be evaluated as low mobility state based on the legacy low mobility criterion. But actually, the beam measurement for such UE may change a lot, which will lead beam failure based on BFD. In such case, beam level criterion should be considered for the measurement relaxation in connected mode. 
There will be several criteria to determine low mobility/stationary state based on beam level measurement, which have been discussed in RedCap WI. For example:

· Solution 1: based on existing low mobility criterion, but using beam measurement as the metric.
· Solution 2: based on the change beam numbers. 
As far as we know, beam level based criteria are still being discussed in RAN4. We think RAN2 could also have some discussion on it, as the corresponding criteria will be captured in RAN2 specification. 
Proposal 8: RAN2 to discuss beam level based low mobility criterion (at least for BFD relaxation), e.g. based on existing low mobility criterion, but using beam measurement as the metric, or based on the change beam numbers.
If both beam level low mobility and legacy cell level low mobility are introduced, RAN2 and RAN4 need to discuss whether these criteria could be applied together or alternatively. 
Proposal 9: If low mobility criterion is defined based on both beam level and cell level measurement, RAN2 and RAN4 need to discuss whether they could be applied together or alternatively.
2.3. Basic procedure for RLM/BFD relaxation
It was agreed in RAN4 [2] that:
	· Whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state. (in RAN4 #98e-bis)

· 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. (in RAN4 #99e)

· If the UE applies a DRX cycle longer than 80ms, the UE is assumed not to perform relaxed RLM/BFD measurements and the existing RLM/BFD requirements would apply. (in RAN4 #100e)

· When neither serving cell quality criteria nor low mobility criteria is configured, the existing RLM/BFD requirements shall apply. (in RAN4 #100e)


It is clear that when both serving cell quality and low mobility criteria are fulfilled, RLM/BFD relaxation can be performed, while when any exit condition is fulfilled or DRX cycle length is not allowed for relaxation, UE will exit RLM/BFD relaxation. 
With this relaxation procedure, RAN4 specification should capture the relaxed approaches as well as the corresponding requirements for relaxed RLM/BFD measurement, while RAN2 specification should capture the relaxation criteria as well as the RRC configurations. 
Proposal 10: The relaxation approaches as well as the corresponding requirements for relaxed RLM/BFD measurement should be captured in RAN4 specification, while the relaxation criteria as well as the configurations should be captured in RAN2 specification. 

Proposal 11: An LS should be sent to RAN4 to include the conclusions for above proposals.  

3. Conclusion

In this contribution, we discuss the potential RAN2 impacts on RLM and/or BFD relaxation for UE power saving from signaling point of view. Based on the discussion, we have the following observations and proposals:
Observation 1: When RLM/BFD relaxation needs to be performed, whether the corresponding criteria needs to be configured depends on the detailed design for criteria.

Observation 2: RAN4 concluded good serving cell quality is defined as the radio link quality (i.e. SINR) is better than a threshold. 
Observation 3: Whether the threshold for cell quality criterion is pre-defined or configurable, and how to configure it are still being discussed in RAN4. 
Proposal 1: The enable and disable for RLM/BFD relaxation should be controlled by network:

· If the relaxation criteria (e.g. serving cell quality threshold and/or parameters for low mobility criteria) needs to be configured, the enable/disable for RLM/BFD relaxation could be implicitly indicated by the configuration of criteria;

· Otherwise (i.e. if any configuration is no needed for RLM/BFD relaxation, e.g. based on pre-defined parameters), explicit indication (e.g. 1bit) is introduced to enable/disable the RLM/BFD relaxation.

Proposal 2: The configuration of RLM/BFD relaxation (e.g. criteria configuration, or enable/disable indication) should be provided in UE specific dedicated signaling (e.g. together with RadioLinkMonitoringConfig in BWP-DownlinkDedicated). Details could be further discussed during normative phase in running CR.
Proposal 3: The configuration of RLM/BFD relaxation (e.g. criteria configuration, or enable/disable indication) could be configured separately between MCG and SCG in DC case. 

Proposal 4: It is FFS whether the configuration of relaxation (at lease for BFD) could be configured separately between Pcell/PScell and Scell.

Proposal 5: For serving cell quality criterion:

· If serving cell quality is defined or configured as per-UE criterion, i.e. there is no separate configurations for MCG and SCG, or Pcell/PScell and Scell, serving cell quality should refer to Pcell. 

· If serving cell quality is defined or configured as per-CG criterion, i.e. there is separate configurations for MCG and SCG, serving cell quality should refer to Pcell or PScell.

Proposal 6: If low mobility criterion is finally concluded in RAN4, the corresponding parameters, i.e. SSearchDeltaP, and TSearchDeltaP are configured by network.
Proposal 7: For low mobility criterion:

· If serving cell quality is defined or configured as per-UE criterion, i.e. there is no separate configurations for MCG and SCG, or Pcell/PScell and Scell, Srxlev value of the serving cell should refer to Pcell. 

· If serving cell quality is defined or configured as per-CG criterion, i.e. there is separate configurations for MCG and SCG, Srxlev value of the serving cell should refer to Pcell or PScell.

Proposal 8: RAN2 to discuss beam level based low mobility criterion (at least for BFD relaxation), e.g. based on existing low mobility criterion, but using beam measurement as the metric, or based on the change beam numbers.
Proposal 9: If low mobility criterion is defined based on both beam level and cell level measurement, RAN2 and RAN4 need to discuss whether they could be applied together or alternatively.
Proposal 10: The relaxation approaches as well as the corresponding requirements for relaxed RLM/BFD measurement should be captured in RAN4 specification, while the relaxation criteria as well as the configurations should be captured in RAN2 specification. 

Proposal 11: An LS should be sent to RAN4 to include the conclusions for above proposals.  
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