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Introduction
In RAN2 108 meeting, we made some further progress on RRM measurement relaxation for power saving in NR. The agreements are shown below.
	Agreements
1 Measurement relaxation criteria is evaluated using cell quality only, and we do not define beam-specific conditions for RRM measurement relaxation.
2 For not-at-cell-edge scenario, the thresholds can be based on RSRP and/or RSRQ and is configurable by the network. For low-mobility scenario, the thresholds of the delta are only in relation to RSRP.
3 Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 
4 Network configures RRM measurement relaxation via broadcast only; dedicated control is not supported
5 For modifications of low-mobility scenario, TSearchDeltaP less than 5 minutes is configurable in NR. 


While there is an email discussion (108#79) for RRM measurement relaxation that covers most of the discussion points, the detailed RRC configurations have to be discussed after we make conclusions. In this contribution, we provide primitive RRC configuration structures for RRM measurement relaxation. 
[bookmark: OLE_LINK110][bookmark: OLE_LINK109]Discussion
RRM measurement relaxation in LTE is described in TS 36.304, also shown as follows.

	[bookmark: _Toc12401225]5.2.4.12	Relaxed monitoring
[bookmark: _Toc12401226]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: _Toc12401227]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.



For NR RRM measurement relaxation, we have the following information based on RAN2 discussions.
· UE may perform RRM measurement relaxation under two criteria:
· UE is with low mobility
· UE is not at cell edge
· RRM measurement relaxation methods for UE power saving in RRC_idle/inactive state that are generally supported by companies include:
· Allowing RRM measurements with longer intervals 
· Allowing UE to stop neighbour cell monitoring, i.e., reusing LTE MTC/NB-IoT RRM measurement relaxation method.
We list some issues related to the RRC configuration design.
Issue#1: Conditions for RRM measurement relaxation configured by network
Based on the two measurement relaxation criteria, we assume that the network can configure UE to perform RRM measurement relaxation in the following four conditions: (1) UE is with low mobility, (2) UE is not at cell edge, (3) UE is with low mobility or not at cell edge, and (4) UE is with low mobility and not at cell edge. The first two conditions mean that UE only evaluates one of the criteria; the third condition meas that the UE evalutes both crietria, and performs measurement relaxation when one of the criteria is met; the fourth condition means that the evalutes both crietria, and performs measurement relaxation only if both criteria are met.
Proposal 1:	Network should be able to configure UE to perform RRM measurement in the following conditions: (1) UE is with low mobility, (2) UE is not at cell edge, (3) UE is with low mobility or not at cell edge, and (4) UE is with low mobility and not at cell edge.
Allowing the network to configure both the “and” and “or” conditions (i.e., condition 3 &4) bring higher complxity for RRC configurations. However, we suggest giving network such flexibility. If the network wants UE to save power when possible, it may choose the “or” condition; if the network cares more about mobility performance, it may choose the more conservative “and” condition.
Issue#2: Scenarios for RRM measurement relaxation experienced by UE
The network configures UE to perform RRM measurement relaxation under specific conditions, and UE does so when the conditions are met. Considering different conditions configured by network, UE may experience different scenarios for RRM measurement relaxation: (1) UE with low mobility, (2) UE is not at cell edge, and (3) UE is with low mobility and not at cell edge. The three scenarios mentioned here applies to the four scenarios describe in Issue#1. For example, assume the network configures RRM measurement relaxation when UE is at low mobility or not at cell edge, if UE is at low mobility and at cell edge, the method in case (1) applies, and if UE is at low mobility and not at cell edge, the method in case (3) applies. 
The measurement relaxation methods taken by UE are not configured by the network. RAN2 should define the RRM measurement relaxation methods (i.e., actions taken by UE) for each of the three scenarios. 
Proposal 2:	RAN2 should define RRM measurement relaxation methods corresponding to the three scenarios: (1) UE with at low mobility, (2) UE is not at cell edge, and (3) UE is with low mobility and not at cell edge.
Issue#3: RRM measurement relaxation actions taken by UE
As mentioned before, there are two generally considered RRM measurement relaxation methods: skipping neighbor cell measurements and performing measurements with longer interval. We need to find the corresponding UE actions in each scenario. Our suggestions are:
· When UE experiences low-mobility scenario, it is allowed to skip neighbour cell measurements. The measurements on neighbour cells will be resumed once the serving cell strength variation is above the threshold.
· When UE experiences not-at-cell-edge scenario, it is allowed to perform measurements with longer intervals. The measurements on neighbour cells will be resumed once the serving cell strength drops below the threshold.
· When UE experiences low-mobility and not-at-cell-edge scenario, it is allowed to skip neighbour cell measurements.
Proposal 3:	UE takes the following RRM measurement relaxation actions:
· When UE experiences low-mobility scenario, it is allowed to skip neighbour cell measurements. 
· When UE experiences not-at-cell-edge scenario, it is allowed to perform measurements with longer intervals. 
· When UE experiences low-mobility and not-at-cell-edge scenario, it is allowed to skip neighbour cell measurements.
Notice that the scenario experienced by UE is related to the condition configured by network. For example, assume that the network only configures the “not at cell edge” condition, the UE can be in the “not at cell edge” scenario, not the “low mobility and not at cell edge” scenario, even if the UE is also with low mobility. 
The relations among condition configured by network, scenario experienced by UE, and RRM measurement relaxation by UE are illustrated in Figure 1.
[image: ]
Figure 1.	Illustration of network configurations and UE behaviours for RRM measurement relaxation
Issue#4: What parameters should be provided by the network?
In LTE relaxed monitoring, only “low mobility” scenario is considered, and the relaxation method is to simply stop measurements on neighbour cells. Thus, only the RSRP drop threshold SSearchDeltaP is provided by the network. 
CellReselectionInfoCommon-v1460 ::=	SEQUENCE {
	s-SearchDeltaP-r14					ENUMERATED {dB6, dB9, dB12, dB15}
}
In NR, we need not only parameters to define “when to relax” but also parameters to tell UE “how to relax” RRM measurements on neighbor cells.
When to relax:
· For low-mobility criterion
· The threshold (SsearchDeltaP) to evaluate the difference between current RSRP (Srxlev) and a reference level (SrxlevRef) needs to be provided, regardless of how the reference level is determined (e.g., the LTE SrxlevRef update method, or choosing the highest value in the observation interval TSearchDeltaP).
· The observation interval (TSearchDeltaP) needs to be provided, unless RAN2 decides to use a fixed value (as in LTE).
· For not-at-cell-edge criterion
· The RSRP/RSRQ thresholds (SSearchP/SSearchQ) to evaluate whether a UE is at cell edge need to be provided.
· The observation interval (TSearch) needs to be provided, unless RAN2 decides to use a fixed value (as in LTE) or assign a default value. Note that the observation intervals for low-mobility (TSearchDeltaP) and not-at-cell-edge (TSearch) criteria may be different. 
· Indication when both criteria are configured
· When both criteria are configured, network may want UE to perform RRM measurement relaxation when either criterion is satisfied, or when both are satisfied.
· The confusion can be resovled by a Boolean indication. If the indication is set, UE performs RRM measurement relaxation only when both criteria are satisfied, otehrwise UE does so when either criterion is satisfied.
How to relax:
· For RRM measurements with longer intervals (Option 1): The minimum required measurement interval (e.g. n times of DRX cycle) when UE applies RRM measurement relaxation needs to be provided by the network.
· When reusing LTE MTC/NB-IoT relaxed monitoring for neighbour cells (Option 2): no parameter is needed.
Based on the above discussions, we propose the following configurations, to be added in SIB3:
CellReselectionInfoCommon-r16 ::=	SEQUENCE {
	lowMobilityEvaluationPars			SEQUENCE {
		s-SearchDeltaP-r16					ENUMERATED {TBD},
		t-SearchDeltaP-r16 					ENUMERATED {TBD}
	}	OPTIONAL,
	cellEdgeEvaluationPars				SEQUENCE {
		s-SearchP-r16						ReselectionThreshold,
		s-SearchQ-r16						ReselectionThresholdQ,
		t-Search-r16 						ENUMERATED {TBD}
	}	OPTIONAL,
	bothCriteriaRelaxMeas				BOOLEAN		OPTIONAL,
	n-relaxMeas							ENUMERATED {n2, n4}	OPTIONAL
}
The corresponding field descriptions are shown below.
	bothCriteriaRelaxMeas
Indication of whether both low-mobility and not-at-cell-edge need to be satisfied for UE to perform RRM measurement relaxation. If set, both crietria need to be satisified, otherwise UE can do so when either criterion is satisifed. This parameter is provided if both criteria are configuted.

	cellEdgeEvaluationPars
Parameters used to evaluate whether a UE is at cell edge, see TS 38.304 [x].

	lowMobilityEvaluationPars
Parameters used to evaluate whether a UE is with low mobility, see TS 38.304 [x].

	n-relaxMeas
[bookmark: _GoBack]Minimum required measurement interval when UE applies relaxed RRM measurements with longer interval. Value n2 corresponds to a doubled minimum required measurement interval, Value n4 corresponds to four times of minimum required measurement interval, and so on.

	relaxMeasHigherPriorityFreq	
Indication of whether measurements on frequencies with hogher priorities is relaxed when the RRM measurement relaxation criteria are met. FFS if this indication is optional.

	s-SearchDeltaP
Parameter "SSearchDeltaP" in TS 38.304 [x]. This parameter is only applicable for UEs supporting relaxed monitoring as specified in TS 38.306 [y]. Value dB6 corresponds to 6 dB, dB9 corresponds to 9 dB and so on.

	s-SearchP
Parameter "SSearchP" in TS 38.304 [x].

	s-SearchQ
Parameter "SSearchQ" in TS 38.304 [x].

	t-Search
Parameter "TSearch" in TS 38.304 [x]. This parameter is only applicable for UEs supporting relaxed monitoring as specified in TS 38.306 [y]. Value min1 corresponds to 1 minute, min2 corresponds to 2 minutes and so on.

	t-SearchDeltaP
Parameter "TSearchDeltaP" in TS 38.304 [x]. This parameter is only applicable for UEs supporting relaxed monitoring as specified in TS 38.306 [y]. Value min1 corresponds to 1 minute, min2 corresponds to 2 minutes and so on.


Notice that even though we haven’t decided the measurement relaxation methods, the above configuration is valid. We propose to consider the above ASN.1 structure as baseline for further discussions.
Proposal 4:	The ASN.1 structure shown in this paper is considered as baseline for further discussions on RRC configurations for RRM measurement relaxation in NR.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Network should be able to configure UE to perform RRM measurement in the following conditions: (1) UE is with low mobility, (2) UE is not at cell edge, (3) UE is with low mobility or not at cell edge, and (4) UE is with low mobility and not at cell edge.
Proposal 2:	RAN2 should define RRM measurement relaxation methods corresponding to the three scenarios: (1) UE with at low mobility, (2) UE is not at cell edge, and (3) UE is with low mobility and not at cell edge.
Proposal 3:	UE takes the following RRM measurement relaxation actions:
· When UE experiences low-mobility scenario, it is allowed to skip neighbour cell measurements. 
· When UE experiences not-at-cell-edge scenario, it is allowed to perform measurements with longer intervals. 
· When UE experiences low-mobility and not-at-cell-edge scenario, it is allowed to skip neighbour cell measurements.
Proposal 4:	The ASN.1 structure shown in this paper is considered as baseline for further discussions on RRC configurations for RRM measurement relaxation in NR.
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