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Introduction
In the RANP#91-e, the following objectives on RRM measurement relaxation have been agreed for the RedCap WID:
	· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell. 


This paper discusses enhancements to RRM relaxation for stationary UEs in RRC Idle/Inactive and RRC Connected.
Discussion
Review of R16 RRM relaxation
In Rel-16, two triggering criteria for RRM relaxation were introduced: low mobility and not at cell edge. A UE is considered low mobility if it satisfies the following criterion:
(SrxlevRef – Srxlev) < SSearchDeltaP for a period of TSearchDeltaP.
A UE is considered not at cell edge if it satisfies the following criterion:
Srxlev > SSearchThresholdP and Squal > SSearchThresholdQ, if SSearchThresholdQ is configured.
Network may configure either only one of the above criteria or both criteria for UE to determine whether to trigger RRM relaxation. In the latter case, network may further configure whether a UE needs to meet only one of the criteria or both to relax its RRM measurements. 
There are two relaxation methods that a UE may apply, depend on which relaxation criteria the UE meets:
· Method 1: Relax measurements with longer intervals (scaling factor), defined in TS 38.133.  
· Method 2: Stop measurements for up to 1 hour. 
Depend on the trigger criteria that UE satisfies, different relaxation methods are applied, as summarized in the table below:
Table 1. RRM relaxation methods depend on different triggering criteria.
	
	One triggering criterion is configured
	Both triggering criteria are configured

	
	low mobility
	not-at-cell-edge
	either one of the criteria is met
	both criteria are met

	Intra-freq measurements, inter-freq of equal or lower priority, and inter-RAT measurements
	Method 1
	Method 1
	Method 1
	Method 2

	High priority inter-freq & inter-RAT measurements 
(condition 1: Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ)
	Method 2 if Condition 1 is met. Otherwise, method 1 is applied.
	No relaxation if Condition 1 is met. Otherwise, Method 1 is applied.
	No relaxation if Condition 1 is met. Otherwise, Method 1 is applied.
	Method 2



Definition of stationarity
In RAN2#112-e, the following agreements were made
	The target REDCAP UE, considering mobility, is not limited to a fixed UE, but can also experience some low mobility, and this, during some “stationary” periods of time.
The RRM relaxation of REDCAP UEs is triggered based on measurements, as a baseline. Other triggering conditions for the “level-1” (still device at fixed location) UEs are not excluded, e.g. the possibility to signal their stationary property explicitly.


In our view, UEs with fixed locations are those whose mobility property does not change throughout its deployment and can be determined upon deployment. Therefore, that information can be provisioned into its subscription. Srxlev of a fixed-location UE may fluctuate with channel quality of its link. However, we do not expect it would fluctuate as significantly as that of a mobile UE, because link measurements used in deriving Srxlev are L3 filtered over different beams and over time. As a result, we do not need to evaluate its mobility to determine whether or which relaxation method to apply. 
On other hand, temporarily stationary UEs can still move from time to time. Therefore, they need to additionally evaluation stationarity criterion before triggering RRM relaxation. Instead of developing a brand new criterion for the evaluation, we think R16 low mobility criterion, which is a robust way to evaluate a UE’s mobility, can be extended for the purpose. For example, we may use a different set of parameters (e.g. smaller SSearchDeltaP and longer TSearchDeltaP) to define temporarily stationarity. We think this definition should be the same for all RRC states.
Definition 1.	A UE is considered stationary if it has either fixed location or is temporarily stationary.
Proposal 1. 	A fixed-location UE is determined based on its subscription. 
Proposal 2. 	A UE is considered temporarily stationary in RRC Idle/Inactive/Connected if it satisfies the following criterion: 
Srxlevstationary – Srxlev < SSearchDeltaP_stationary for a period of TSearchDeltaP_stationary, 
where Srxlevstationary, SSearchDeltaP_stationary and TSearchDeltaP_stationary are new R17 parameters advertised/configured by network.
RRM relaxation in RRC Idle/Inactive 
First, we think it is necessary that R17 stationary UEs should have their own enabling configuration from R16 low mobility relaxation. In addition, within R17, we think fixed-location and temporary-stations UEs can have separate configurations to enable their RRM relaxations, for the reasons described above. 
In addition, we think it is also useful to allow R17 relaxation to have its not-at-cell-edge criterion when stationary criterion is enabled. For example, stationary UEs at cell center vs at cell edge should have different RRM relaxation methods, similar to R16. On the other hand, we do not see clear use case for a standalone R17 not-at-cell-edge criterion, i.e. R17 stationary relaxation is disabled but R17 not-at-cell-edge is enabled.  
Proposal 3.  Network can independently enable/disable RRM relaxation for fixed-location and/or temporarily stationary UEs. 
Because stationary UEs (either fixed location or temporarily stationary) have less uncertainties in their mobility than low-mobility UEs, we think it makes sense that R17 stationary UEs have different parameters (SSearchThresholdP and SSearchThresholdQ) for not-at-cell-edge criterion from those in R16. And unlike its R16 counterpart, this R17 not-at-cell-edge criterion is configured only when relaxation for stationary UEs is configured. 
Proposal 4.  When RRM relaxation for stationary UEs are enabled, network can additionally configure R17 not-at-cell-edge criterion for stationary UEs. 
Proposal 5. 	A stationary UE is considered not-at-cell-edge if it satisfies the following criterion:  
Srxlev > SSearchThresholdP_stationary and Squal > SSearchThresholdQ_stationary (if configured), 
where SSearchThresholdP_stationary and SSearchThresholdQ_stationary are new R17 parameters advertised by network.
From the perspective of RRM measurements, stationary UEs (either fixed-location or temporary stationary) are a special case of low mobility UEs. Therefore, it makes more sense to leverage the R16 RRM relaxation framework to develop further enhancements for stationary UEs, instead of developing new designs. What needs to be different is to introduce a separate set of parameters for relaxation triggers and relaxation methods, because stationarity reduces uncertainties in UEs’ link quality and hence more relaxation can be enabled. For these reasons, we propose that if UE satisfies one of the stationarity criteria (as described in Proposal 1 & 2), then it should apply the same relaxation methods for the corresponding R16 RRM relaxation criterion, i.e. 
Proposal 6.  If a R17 UE satisfies either fixed-location or temporarily stationary criterion and the corresponding RRM relaxation is enabled, it applies the following relaxation method:  
· If R17 not-at-cell-edge criterion is not enabled or UE does not meet the R17 not-at-cell-edge criterion
· [bookmark: _Hlk67950359]Relax its measurements on intra-frequency, inter-frequency/RAT of equal or lower priority with a longer interval (i.e. scaling factor);
· Relax its inter-frequency/RAT of higher priority with a longer interval if Srxlev < SnonIntraSearchP and Squal < SnonIntraSearchQ. Otherwise, stop those measurements for a configured duration.
· Else (i.e. UE is considered not-at-cell-edge)
· Stop all its neighbor-cell RRM measurements for a configured duration. 
As stationary UEs have less uncertainties in their mobility, we think they can be configured with longer relaxation durations from those in R16. 
Proposal 7. 	The scaling factor for relaxed measurements and the duration for stopped measurements used by R17 stationary UEs can be different from those used in R16.
RRM relaxation in RRC Connected
When UE is in RRC Connected, its neighbor cell RRM measurements fundamentally are not much different from those it performs in RRC Idle/Inactive. Therefore, we think it makes sense to have consistent RRM relaxation triggers and relaxation methods between RRC Connected and RRC Idle/Inactive. 
On the other hand, because timing requirements for cell reselection in RRC Connected can be different from those in RRC Idle/Inactive, it should be possible for network to configure different parameters used in the relaxation triggers (e.g. SSearchDeltaP , TSearchDeltaP_stationary and SSearchThresholdP_stationary) and relaxation methods (e.g. scaling factor for measurement intervals).
Proposal 8.	A stationary UE in RRC Connected applies the same *type* of RRM relaxation criteria and RRM relaxation methods as those for RRC Idle/Inactive. But parameters used in the relaxation criteria and relaxation methods can be different.
When UE is in RRC Connected, it is possible to enable RRM relaxation by either broadcast or dedicated signaling. Although these two signaling options do not need to be used at the same time, we see values in both them and hence think both options should be supported in R17. For instant, network may want to enable relaxation for only a certain class of UEs but not for all UEs in a cell. Then in those cases dedicated signaling is useful. Another example is that network may want to configure less number of measurement objects after RRM relaxation is triggered. Such a reduction in measurement objectives can only be supported by dedicated signaling. 
Proposal 9. 	RRM relaxation criteria and parameters for stationary UEs in RRC Connected can be configured by either dedicated signaling or broadcast. 
To enabled configuration by dedicated signaling, UE needs to indicate its stationarity to network. For a UE with fixed location, since it can determine that in its subscription (as we explained in Proposal 1), it can indicate that property during capability signaling. When it enters RRC Connected, network can directly configure it with a neighbor-cell measurement configuration which is more relaxed than non-stationary UEs. Network can additionally configure not-at-cell-edge criterion for the UE. If UE meets that criterion, it can autonomously stop its neighbor-cell measurements for a configured duration. 
Proposal 10. 	Fixed-location UE can indicate its stationarity via capability signaling, so that network to configure a relaxed measurement configuration for the UE.  
For a temporarily stationary UE, if RRM relaxation for stationary UEs is not advertised in SIBs, it can use UE Assistance Information to indicate such a change and request RRM relaxation when they determine they will be stationary for at least some time in the near future. Network then may (or may not) provide the UE with a relaxed measurement configuration. The UE stops relaxed measurements either at end of a preset duration (e.g. 1 hour) or the UE no long meets the temporarily stationary criterion.
Proposal 11. If relaxation for stationary UEs are not configured in SIBs, temporarily stationary UE can request RRM relaxation via UE Assistance Information.  
If relaxation is configured by broadcast, network can advertise relaxation criteria and parameters for in system information, just as for RRC Idle/Inactive. Based on link quality measurements, UE can autonomously determine when to trigger relaxation on its neighbor cell measurements and which relaxation method to apply.  
Proposal 12.	If RRM relaxation triggers and parameters for RRC Connected is configured in SIBs, stationary UEs can autonomously determine when to trigger RRM relaxation and which relaxation method to apply according to the advertised configuration.
Other issues
In R17, network can advertise some or all of the following set of configurations for RRM relaxation in a cell:
· R17 RRM relaxation for stationary UEs (fixed locations and/or temporarily stationary);
· R16 RRM relaxation for low mobility UEs;
· R16 RRM relaxation for not-at-cell-edge UEs.
If a R17 UE does not meet the R17 relaxation criteria, it should be allowed to check if it meets the R16 low mobility and/or not-at-cell-edge criteria, as R16 criteria are a super set of R17 criteria.
Proposal 13.	R17 network can provide any combination of the following set of RRM relaxation configurations in a cell:
· R17 RRM relaxation for stationary UEs (fixed location and/or temporarily stationary);
· R16 RRM relaxation for low mobility UEs;
· R16 RRM relaxation for not-at-cell-edge UEs.
A R17 UE should be allowed to apply RRM relaxation associated with any of the above criteria that it satisfies.
Lastly, RRM relaxation criteria that we have discussed in this paper depend only on UE’s mobility status (stationary or not) and location. None of them is specifically tied to UE’s capability (reduced or not). Therefore, we believe the proposed enhancements should be applicable to any UEs, not just RedCap UEs. 
Proposal 14. 	R17 RRM measurements relaxation enhancements are applicable to any R17 UEs.   
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Definition 1.	A UE is considered stationary if it has either fixed location or is temporarily stationary.
Proposal 1. 	A fixed-location UE is determined based on its subscription. 
Proposal 2. 	A UE is considered temporarily stationary in RRC Idle/Inactive/Connected if it satisfies the following criterion: 
Srxlevstationary – Srxlev < SSearchDeltaP_stationary for a period of TSearchDeltaP_stationary, 
where Srxlevstationary, SSearchDeltaP_stationary and TSearchDeltaP_stationary are new R17 parameters advertised/configured by network.
Proposal 3.  	Network can independently enable/disable RRM relaxation for fixed-location and/or temporarily stationary UEs. 
Proposal 4.  	When RRM relaxation for stationary UEs are enabled, network can additionally configure R17 not-at-cell-edge criterion for stationary UEs. 
Proposal 5. 	A stationary UE is considered not-at-cell-edge if it satisfies the following criterion:  
Srxlev > SSearchThresholdP_stationary and Squal > SSearchThresholdQ_stationary (if configured), 
where SSearchThresholdP_stationary and SSearchThresholdQ_stationary are new R17 parameters advertised by network.
Proposal 6.  	If a R17 UE satisfies either fixed-location or temporarily stationary criterion and the corresponding RRM relaxation is enabled, it applies the following relaxation method:  
· If R17 not-at-cell-edge criterion is not enabled or UE does not meet the R17 not-at-cell-edge criterion
· Relax its measurements on intra-frequency, inter-frequency/RAT of equal or lower priority with a longer interval (i.e. scaling factor);
· Relax its inter-frequency/RAT of higher priority with a longer interval if Srxlev < SnonIntraSearchP and Squal < SnonIntraSearchQ. Otherwise, stop those measurements for a configured duration.
· Else (i.e. UE is considered not-at-cell-edge)
· Stop all its neighbor-cell RRM measurements for a configured duration. 
Proposal 7. 	The scaling factor for relaxed measurements and the duration for stopped measurements used by R17 stationary UEs can be different from those used in R16.
Proposal 8.	A stationary UE in RRC Connected applies the same *type* of RRM relaxation criteria and RRM relaxation methods as those for RRC Idle/Inactive. But parameters used in the relaxation criteria and relaxation methods can be different.
Proposal 9. 	RRM relaxation criteria and parameters for stationary UEs in RRC Connected can be configured by either dedicated signaling or broadcast. 
Proposal 10. 	Fixed-location UE can indicate its stationarity via capability signaling, so that network to configure a relaxed measurement configuration for the UE.  
Proposal 11. 	If relaxation for stationary UEs are not configured in SIBs, temporarily stationary UE can request RRM relaxation via UE Assistance Information.  
Proposal 12.	If RRM relaxation triggers and parameters for RRC Connected is configured in SIBs, stationary UEs can autonomously determine when to trigger RRM relaxation and which relaxation method to apply according to the advertised configuration.
Proposal 13.	R17 network can provide any combination of the following set of RRM relaxation configurations in a cell:
· R17 RRM relaxation for stationary UEs (fixed location and/or temporarily stationary);
· R16 RRM relaxation for low mobility UEs;
· R16 RRM relaxation for not-at-cell-edge UEs.
A R17 UE should be allowed to apply RRM relaxation associated with any of the above criteria that it satisfies.
Proposal 14. 	R17 RRM measurements relaxation enhancements are applicable to any R17 UEs.   
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