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1. Introduction
[bookmark: Proposal_Pattern_Length]This contribution discusses the remaining open items to enable the feature that allows UEs in RRC_IDLE/INACTIVE to relax their RRM measurements for neighbour cells (intra-frequency and inter-frequency) [1] considering RAN2#107 agreement.
1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    
2. UE may activate relaxed measurement criteria if at least any of the following conditions are met:   
a) Serving Cell measurement does not change more than a relative threshold during a time period
LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 
b) UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold
FFS: Whether neighbour cell RSRP should also be considered.
1. Discussion
Rules on when to relax the RRM measurements
A UE in IDLE/INACTIVE can relax its RRM measurement in the neighboring cells when (1) the UE and network support this feature, (2) the UE is allowed to use it in the given cell that is camping and (3) the UE meets the required conditions/criteria to enable the relaxation of the RRM measurements. These points are further discussed in the following sub-sections.
Support of the RRM measurement relaxation feature
The network that supports this feature would need to indicate that to the UE, although this could be done implicitly when providing the related configuration. On the other hand, A UE may not need to indicate to the network whether supports or not this feature (e.g. via a new radio capability) as there is no impact on network side when UE uses the feature (apart of providing the corresponding parameters as just explained).
Proposal 1. [bookmark: _Toc21023000][bookmark: _Toc20433075][bookmark: _Toc20853838][bookmark: _Toc20853977][bookmark: _Toc21023001][bookmark: _Toc21023197][bookmark: _Toc21023255][bookmark: _Toc21023632]UE needs to know whether a given cell supports the usage of “RRM measurement relaxation” feature. This is done via implicit broadcast indication of the required configuration for a UE to use this new feature.
Proposal 2. [bookmark: _Toc21023002][bookmark: _Toc21023198][bookmark: _Toc21023256][bookmark: _Toc21023633]UE does not need to inform the network whether it supports “RRM measurement relaxation” feature or not (e.g. via a new UE's capability).
It is important to confirm that this new feature does not aim to impact cell (re-)selection mechanism, i.e. UE will not (re-)select a given cell because it does or does not support this feature. 
Proposal 3. [bookmark: _Toc20433076][bookmark: _Toc20853839][bookmark: _Toc20853978][bookmark: _Toc21023003][bookmark: _Toc21023199][bookmark: _Toc21023257][bookmark: _Toc21023634]Legacy cell (re-)selection mechanism is not impacted by the network/UE support of “RRM measurement relaxation” feature.

[bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086]Conditions/criteria to relax the RRM measurements
The required conditions/criteria for a UE to enable the relaxation of the RRM measurements are discussed in the following sub-sections understanding that they may vary depending on factors, such as the UE’s power class or the UE’s operational frequency, amongst others (which also includes multi-beam operation). 
“Low mobility” criterion
Low mobility criterion is enabled using LTE relaxed monitoring feature defined in TS 36.304 as baseline and where it is guaranteed that “serving Cell measurement does not change more than a relative threshold during a time period” (with related references added in Annex A). This discussion aims to identify the parts that can be re-used vs those that need to be changed or updated for NR specific requirements. 
The LTE relaxed monitoring criterion is defined as follow “(SrxlevRef – Srxlev) < SSearchDeltaP”. For NR, this same criterion could be used except for multi-beam operation where some level of clarification or change may be required. 
In our understanding a change of UE’s beam should not trigger the stop of the RRM measurements relaxation. For example, in deployments where large number of TRPs/beams are deployed, a UE may be switching between them even when being stationary or in low mobility scenarios. TS 38.304 defines the following when deriving the measurement quantity of a cell in multi-beam operation.  
For cell reselection in multi-beam operations, including inter-RAT reselection from E-UTRA to NR, the measurement quantity of this cell is derived amongst the beams corresponding to the same cell based on SS/PBCH block as follows:
-	if nrofSS-BlocksToAverage (maxRS-IndexCellQual in E-UTRA) is not configured in SIB2/SIB4 (SIB24 in E-UTRA); or
-	if absThreshSS-BlocksConsolidation (threshRS-Index in E-UTRA) is not configured in SIB2/SIB4 (SIB24 in E-UTRA); or
-	if the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation (threshRS-Index in E-UTRA):
-	derive a cell measurement quantity as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [11].
-	else:
-	derive a cell measurement quantity as the linear average of the power values of up to nrofSS-BlocksToAverage (maxRS-IndexCellQual in E-UTRA) of highest beam measurement quantity values above absThreshSS-BlocksConsolidation (threshRS-Index in E-UTRA).
Therefore for multi-beam operation, it is also important to also check whether the “highest beam measurement quantity value does not change more than a relative threshold during a time period".
Option 1) NR reuses LTE relaxation monitoring criterion (“(SrxlevRef – Srxlev) < SSearchDeltaP”) adding a new clause that allows reselection or change of beam while relaxing the RRM measurements.
Option 2) NR defines a new criterion that guarantees for multi-beam operation that “the highest beam measurement quantity value does not change more than a relative threshold during a time period"
Option 2) looks preferable as it aligns behavior with the one defined in legacy cell reselection mechanism for multi-beam operation. 
Proposal 4. [bookmark: _Toc20433079][bookmark: _Toc20853842][bookmark: _Toc20853981][bookmark: _Toc21023004][bookmark: _Toc21023200][bookmark: _Toc21023258][bookmark: _Toc21023635]For NR, LTE relaxed monitoring criterion “(SrxlevRef – Srxlev) < SSearchDeltaP” is applicable, as well as, a new criterion for multi-beam operation guaranteeing that “the highest beam measurement quantity value does not change more than a relative threshold during a time period. Note both conditions would be defined”. Note: NR relaxed monitoring criterion includes both triggers conditions joint by an OR.

RAN2 needs to also discuss whether any of the parameters defined in LTE relaxed monitoring feature needs to be updated:
1) LTE SSearchDeltaP (with range of values being 6, 9, 12, 15 dB) can also be applicable to NR as variations of the measurement signal are comparable.
2) LTE TSearchDeltaP (with value set to 5 minutes, or the eDRX cycle length if eDRX cycle length is longer than 5 minutes) can also be applicable to NR as NR also uses 5min threshold in other similar scenarios (e.g. for the max. time to exclude a barred cell as a candidate for cell (re)selection/reselection) but  no DRX cycles are supported in IDLE or INACTIVE above 5minutes.
3) [bookmark: _Hlk20430978]LTE checks whether UE has spent less than 24 hours since the last performed neighboring measurements for cell reselection (when relaxing its RRM measurements in neighboring cells). For LTE, this 24h value was chosen as this feature targetws stationary MTC/NB-IoT devices, however this would not be applicable for NR. Therefore, the following options could be considered for NR to define the threshold time passed since last measurements for cell reselection:
3.a) A new fixed time value (smaller than 24h) is defined.
3.b)  A new configurable value is defined (where a default setting could be potentially defined) which could be provided as (1) a cell-specific value or (3) as a value that could vary based on a given condition (such as UE’s beam of operation, UE’s power class, etc). Moreover, this time could also be set differently for intra-frequency or inter-frequency measurements.
Option (3.b) looks preferable for NR as it also allow the network account for its actual deployment (e.g. cell size or allocation of frequencies). 
Proposal 5. [bookmark: _Toc20433080][bookmark: _Toc20853843][bookmark: _Toc20853982][bookmark: _Toc21023005][bookmark: _Toc21023201][bookmark: _Toc21023259][bookmark: _Toc21023636]LTE SSearchDeltaP (with range of values being 6, 9, 12, 15 dB) is applicable for NR for the low mobility criterion.
Proposal 6. [bookmark: _Toc20433081][bookmark: _Toc20853844][bookmark: _Toc20853983][bookmark: _Toc21023006][bookmark: _Toc21023202][bookmark: _Toc21023260][bookmark: _Toc21023637]LTE TSearchDeltaP is also applicable to NR but only set to 5minutes (as eDRX like kind of feature is not enabled in NR).
Proposal 7. [bookmark: _Toc20433082][bookmark: _Toc20853845][bookmark: _Toc20853984][bookmark: _Toc21023007][bookmark: _Toc21023203][bookmark: _Toc21023261][bookmark: _Toc21023638]When relaxing the RRM measurements, the threshold time passed since last measurements for cell reselection is smaller than a value that can be configured by the network. To discuss whether this value is defined as (1) a cell-specific value or (2) as a value that could vary based on a given condition (such as UE’s beam of operation, UE’s mobility speed, UE’s power class, etc).

“UE location in cell” criterion
The criterion of having UE not at cell edge (i.e. serving cell/beam RSRP/RSRQ/SINR is above a threshold) could be defined by different WGs:
Option 1) RAN4 defines the new range of threshold values, and we could discuss later whether their usage is described in RAN2 or RAN4 TS e.g. TS 38.304 already captures in other topics that "UE shall perform measurements for cell selection and reselection purposes as specified in TS 38.133". 
Option 2) RAN2 defines new Srxlev and Squal criterion for both intra/inter-frequency as described in [2].
For LTE eMTC/NB-IoT, RAN4 preferred the usage of SINR when having to find a trustable measurement when operating on poor signal conditions. Therefore, considering its similarity and the complexity on the calculation of a measurement quantity for multi-beam operation, we have slightly preference of option 1.
Proposal 8. [bookmark: _Toc20433083][bookmark: _Toc20853846][bookmark: _Toc20853985][bookmark: _Toc21023008][bookmark: _Toc21023204][bookmark: _Toc21023262][bookmark: _Toc21023639]Send a LS to RAN4 requesting to determine the optimum threshold range in terms of serving cell RSRP, RSRQ and/or SINR above which UE is in good conditions to potentially relax its RRM measurements (assuming other required conditions were also met).
[bookmark: _Hlk20853331]In multiple TRPs deployment, the criterion above of determining if the UE is at the cell edge or not may not be sufficient. When the UE are in low mobility and changing from one TRP to another TRP, even thought the UE is still within the same cell, but measurement value may be varying from one TRP to another. Therefore, when using “RRM measurement relaxation” feature under multi-beam operation, it may be desirable to allow the network to configure a scaling factor to each SSB(s). This will allow the network to scale up the center TRP. The UE then applies the measurement with the scaling factor when having to trigger cell reselection mechanism to find the best beam where a cell measurement quantity is derived (as specified in TS 38.304) by choosing the highest beam measurement quantity value or by the linear average of the power values of up to nrofSS-BlocksToAverage of highest beam measurement quantity values above absThreshSS-BlocksConsolidation.
Proposal 9. [bookmark: _Toc20853847][bookmark: _Toc20853986][bookmark: _Toc21023009][bookmark: _Toc21023205][bookmark: _Toc21023263][bookmark: _Toc21023640]When relaxing RRM measurements feature under multi-beam operation, to discuss whether a new scaling factor associated to each SSB(s) of a given cell during cell reselection mechanism is preferable when having to find the best beam.

[bookmark: _Hlk20432550]Actual relaxtion of RRM measuremets
Assuming that UE meets all the required criterions, just discussed in previous section, the UE would have to relax its RRM measurements.  The WID [1] captures that the relaxation of RRM measurement may be done by having longer intervals, and/or reducing the number of cells/carriers to be measured. From RAN2 side, no concerns were found to enable relaxation on the RRM measurements by having longer intervals, and/or reducing the number of cells/carriers to be measured during the SI phase. However, it was identified that during the WI phase, RAN4's input is required before taken any final decision. 
Proposal 10. [bookmark: _Toc15999906][bookmark: _Toc16494545][bookmark: _Toc16627620][bookmark: _Toc16627927][bookmark: _Toc16630645][bookmark: _Toc16767318][bookmark: _Toc16767357][bookmark: _Toc16767385][bookmark: _Toc20433084][bookmark: _Toc20853848][bookmark: _Toc20853987][bookmark: _Toc21023010][bookmark: _Toc21023206][bookmark: _Toc21023264][bookmark: _Toc21023641]From RAN2 perspective, the relaxation of RRM measurements can be done by having longer intervals, and/or reducing the number of cells/carriers to be measured. Therefore, corresponding RAN4's input (e.g. on preferences and/or implications) needs to be considered and a corresponding LS could be sent for this.

Modeling of this new feature
The RRM measurement relaxation feature could be modelled in TS in the following ways:
Modeling 1) Within the list of rules defined on TS 38.304 that limits the needed measurements (in section 5.2.4.2 "Measurement rules for cell re-selection") similarly as it was done for LTE.
Modeling 2) As a new NR mobility related state (which could be called "stationary/cell-center mobility state").
Modeling 3) Creating a new state machine that differentiates between normal RRM measurements (i.e. legacy operation) vs relaxed RRM measurements.
In our understanding all options could be feasible therefore we suggest RAN2 to discuss its preferred approach.  
Proposal 11. [bookmark: _Toc20433085][bookmark: _Toc20853849][bookmark: _Toc20853988][bookmark: _Toc21023011][bookmark: _Toc21023207][bookmark: _Toc21023265][bookmark: _Toc21023642]To discuss the preferred modelling in TS considering (1) a new rule that limits the need for measurements in TS 38.304, (2) a new NR mobility related state or (3) a new state machine for normal and relax RRM measurements. 


[bookmark: _Toc465993148][bookmark: _Toc465993084]
1. Conclusion
The proposals captured are the following:
Proposal 1.	UE needs to know whether a given cell supports the usage of “RRM measurement relaxation” feature. This is done via implicit broadcast indication of the required configuration for a UE to use this new feature.
Proposal 2.	UE does not need to inform the network whether it supports “RRM measurement relaxation” feature or not (e.g. via a new UE's capability).
Proposal 3.	Legacy cell (re-)selection mechanism is not impacted by the network/UE support of “RRM measurement relaxation” feature.
Proposal 4.	For NR, LTE relaxed monitoring criterion “(SrxlevRef – Srxlev) < SSearchDeltaP” is applicable, as well as, a new criterion for multi-beam operation guaranteeing that “the highest beam measurement quantity value does not change more than a relative threshold during a time period. Note both conditions would be defined”. Note: NR relaxed monitoring criterion includes both triggers conditions joint by an OR.
Proposal 5.	LTE SSearchDeltaP (with range of values being 6, 9, 12, 15 dB) is applicable for NR for the low mobility criterion.
Proposal 6.	LTE TSearchDeltaP is also applicable to NR but only set to 5minutes (as eDRX like kind of feature is not enabled in NR).
Proposal 7.	When relaxing the RRM measurements, the threshold time passed since last measurements for cell reselection is smaller than a value that can be configured by the network. To discuss whether this value is defined as (1) a cell-specific value or (2) as a value that could vary based on a given condition (such as UE’s beam of operation, UE’s mobility speed, UE’s power class, etc).
Proposal 8.	Send a LS to RAN4 requesting to determine the optimum threshold range in terms of serving cell RSRP, RSRQ and/or SINR above which UE is in good conditions to potentially relax its RRM measurements (assuming other required conditions were also met).
Proposal 9.	When relaxing RRM measurements feature under multi-beam operation, to discuss whether a new scaling factor associated to each SSB(s) of a given cell during cell reselection mechanism is preferable when having to find the best beam.
Proposal 10.	From RAN2 perspective, the relaxation of RRM measurements can be done by having longer intervals, and/or reducing the number of cells/carriers to be measured. Therefore, corresponding RAN4's input (e.g. on preferences and/or implications) needs to be considered and a corresponding LS could be sent for this.
Proposal 11.	To discuss the preferred modelling in TS considering (1) a new rule that limits the need for measurements in TS 38.304, (2) a new NR mobility related state or (3) a new state machine for normal and relax RRM measurements.
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[bookmark: _Hlk20426908]Reference from TS 36.304 on the relax monitoring feature:

[bookmark: _Toc5790731][bookmark: _Toc14343669]5.2.4	Cell Reselection evaluation process
<Omitted text>
[bookmark: _Toc5790733][bookmark: _Toc14343670]5.2.4.2	Measurement rules for cell re-selection
For NB-IoT measurement rules for cell re-selection is defined in sub-clause 5.2.4.2.a.
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.
Following rules are used by the UE to limit needed measurements:
[bookmark: _GoBack]<Omitted text>
-	If the UE supports relaxed monitoring and s-SearchDeltaP is present in SystemInformationBlockType3, the UE may further limit the needed measurements, as specified in sub-clause 5.2.4.12.
<Omitted text>
[bookmark: _Toc5790750][bookmark: _Toc14343673]5.2.4.12	Relaxed monitoring
[bookmark: _Toc5790751][bookmark: _Toc14343674]5.2.4.12.0	Relaxed monitoring measurement rules
When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2 or 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:
-	The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP, and
-	Less than 24 hours have passed since measurements for cell reselection were last performed, and
-	The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.
[bookmark: _Toc5790752][bookmark: _Toc14343675]5.2.4.12.1	Relaxed monitoring criterion
The relaxed monitoring criterion 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 monitoring criterion has not been met for TSearchDeltaP:
-	the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;
-	TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.
<Omitted text>

