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Introduction
In RAN2 email discussion “[Post109e#44][PowSav] RRM open issues (CATT, vivo)”, we discussed the configurations for RRM measurement relaxation. We arrived the following proposals and open issues. 
	Proposal 1 (10/13): If timer T330 is running, relaxed RRM measurement can be performed. No further specification impact.  
Proposal 2 (13/13): When cellEdgeEvalutation is configured, SSearchThresholdP should be mandatory while SSearchThresholdQ is optional.  
Proposal 3 (8/10): It is left up to UE implementation whether to re-evaluate the relaxation criterion when network changes the relaxed measurement parameters in system information. No specification change to capture any UE behavior.
The following issue could not be resolved and should be continued on-line during next e-meeting:
The configuration for relaxed measurement is a constant value for all frequencies (6) or a per-frequency (or per-FR) configured value (7).


In this contribution, we discuss the open issues about configurations for RRM measurement relaxation.
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Summary of RAN4 Progress
After RAN2 agreed to have RRM measurement relaxation for low-mobility UEs and UEs not at cell edge, RAN4 made some further progress, as captured in a RAN4 way forward [1]. 
Agreement: Scenarios of IDLE mode RRM relaxation 
· For information: Scenarios
· #1: Low mobility scenario
· #2: Not in cell-edge scenario 
· #3: Low-mobility + Not in cell-edge scenario
· RRM measurement relaxation methods for UE power saving in RRC_idle/inactive state
· Option 1: Allow RRM measurements with longer intervals 
· Option 2: UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements
· Applicability of RRM relaxation methods when the relaxation criteria are fulfilled
 
	   
	Applicable RRM relaxation methods

	Scenarios #1
	Option 1

	Scenarios #2
	Option 1

	Scenarios #3
	Option 2


Open issues
Based on the RAN4 WF [1], we need to study the following configurations:
· Parameters: The parameters include thresholds for low-mobility (SSearchDeltaP) and not-at-cell-edge (SSearchThresholdP and SSearchThresholdQ) criteria and scaling factor for RRM measurements with longer intervals (i.e. Option 1 of RRM measurement relaxation methods)
· How to configure each parameter: A parameter may be a single value, configured per frequency range (i.e. FR1 & FR2), or per carrier. Also, for different scenarios (#1~#3), we may have the same or different values configured for a parameter.
Now with discuss the open issues.
Issue#1: RRM measurement relaxation threshold for inter-frequency measurement
It was mentioned in [1] that we may introduce carrier-specific search thresholds for measurement relaxation on inter-frequency carriers. For example, the network may configure UE to relax measurements on carrier#1 (or FR1) if serving cell RSRP drop is less than SSearchDeltaP1, and on carrier#2 (or FR2) if serving cell RSRP drop is less than SSearchDeltaP2. However, our understanding is that these thresholds consider serving cell channel conditions, and UE evaluates whether neighbor cell measurements can be relaxed. If UE is not with low mobility or at cell edge, all neighbors should be measured regardless of the carrier frequencies.
Also, in the agreed RRC CR [2], we have only one s-SearchDeltaP (for low mobility criteria), one s-SearchThresholdP and one s-SearchThresholdQ (for not-at-cell-edge criteria), as shown below. This part has to be modified if we want to introduce carrier-specific configurations, but we would prefer to avoid such complexity.
[[
    relaxedMeasurement-r16              SEQUENCE {
        lowMobilityEvalutation-r16          SEQUENCE {
            s-SearchDeltaP-r16                  ENUMERATED {
                                                    dB3, dB6, dB9, dB12, dB15, 
                                                    spare3, spare2, spare1}                 OPTIONAL,       -- Need S
            t-SearchDeltaP-r16                  ENUMERATED {
                                                    s5, s10, s20, s30, s60, s120, s180,
                                                    s240, s300, spare7, spare6, spare5,
                                                    spare4, spare3, spare2, spare1}         OPTIONAL        -- Need S
        }                                                                                   OPTIONAL,       -- Cond OptMandatory
        cellEdgeEvalutation-r16             SEQUENCE {
            s-SearchThresholdP-r16              ReselectionThreshold                        OPTIONAL,       -- Need R
            s-SearchThresholdQ-r16              ReselectionThresholdQ                       OPTIONAL        -- Need R
        }                                                                                   OPTIONAL,       -- Cond OptMandatory
        relaxedMeasCondition-r16            ENUMERATED {
                                                lowMobilityOrNotAtCellEdge,
                                                lowMobilityAndNotAtCellEdge}                OPTIONAL,       -- Cond MultRelaxCriteria
        highPriorityMeasRelax-r16           ENUMERATED {true}                               OPTIONAL        -- Need R
    }                                                                                       OPTIONAL        -- Need R
    ]]

Proposal 1:	Only a single value is configured for each RRM measurement relaxation threshold, and it applies to the measurements on all neighbor frequencies.

Issue#2: Measurement intervals for different scenarios
RAN4 has agreed that in Scenario#1 (Low mobility scenario) and Scenario#2 (Not in cell-edge scenario), the measurement relaxation method is to allow RRM measurements with longer intervals. This may be realized by introducing scaling factor(s) to current required minimum measurement intervals. The scaling factors may be the same or different for the two scenarios. Again, we prefer to have a single value for simplicity.
Proposal 2:	The same scaling factor is used for RRM measurement relaxation with longer intervals in both low-mobility scenario and not-at-cell-edge scenario. 
Issue#3: Measurement intervals for different frequencies
Similar to Issue#1, the scaling factors for relaxed RRM measurements with longer intervals may be configured as carrier-specific. For example, the measurement interval becomes 4 times for measurement relaxation on carrier#1 (or FR1) and doubled on carrier#2 (or FR2). However, actual RRM measurement behavior is up to UE implementation, and it would be sufficient to have a single scaling factor for all frequencies, since UE can always perform more frequent measurements if needed.
Proposal 3:	The same scaling factor is used for RRM measurement relaxation with longer intervals on all neighbor frequencies.
Based on the above proposals, we shall have a single scaling factor for RRM measurement relaxation with longer intervals, and it applies to both scenarios and all frequencies. The value may be configured by the network (with corresponding IE introduced in RRC specifications), or a fixed value written in RAN4 specifications. We prefer the later since such relaxation should be studied as RAN4 requirement, rather than a configurable value. The feasibility needs to be confirmed by RAN4.
Proposal 4:	The scaling factor RRM measurement relaxation with longer intervals is a predefined fixed value. The feasibility needs to be confirmed by RAN4.
Issue#4: Measurement relaxation high priority frequencies
In previous meeting, we agreed that the measurement relaxation on high priority frequencies is optional, and is controlled by highPriorityMeasRelax in SIB2 [2].
	highPriorityMeasRelax
Indicates whether measurements can be relaxed on high priority frequencies (see TS 38.304 [20], clause 5.2.4.X.0). If the field is absent, the UE shall not relax measurements on high priority frequencies.


However, there is still some confusion about the RRM measurement relaxation on high priority frequencies, especially for UE in cell edge. We divide the coverage of a cell into multiple regions (cell center, middle area, and cell edge), as shown below.
	[image: ]
	UE is in cell center, if 
Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
UE is in middle area, if 
Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, but Srxlev > SSearchThresholdP and Squal > SSearchThresholdQ. 
UE is in cell edge, otherwise


Assume that highPriorityMeasRelax is set TURE, and both lowMobilityEvalutation and cellEdgeEvalutation are configured, i.e., UE evaluates both criteria. We now discuss the RRM measurement relaxation on high priority frequencies.
· When UE is with low mobility: If UE is in cell center or middle area, UE is not in cell edge. According to RAN4 agreement, UE is in Scenario#2 (Low-mobility + Not in cell-edge scenario), and UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements (Option 2). In contrast, if UE is in cell edge, UE performs measurement with longer interval (Option 1), according to RAN4 agreements.
· When UE is not with low mobility: If UE is in cell edge, RRM measurement cannot be relaxed. If UE is in middle area, UE may perform measurements with longer interval (Option 1), e.g. 4 times of DRX cycle. If UE is in cell center, currently (without relaxation) UE needs not to measure equal/lower priority frequencies, but is required to search for higher priority frequencies every Thigher_priority_search (=60*N_Layer seconds). This search interval is already much longer than the DRX cycle, and thus we do not think it should be further relaxed.
The resulting RRM measurement relaxation behavior for high priority frequencies is summarized below.
	
	Low mobility
	Not low mobility

	Cell center
	No requirement (Option 2)
	No relaxation

	Middle area
	No requirement (Option 2)
	Measurement with longer interval (Option 1)

	Cell edge
	Measurement with longer interval (Option 1)
	No relaxation


And we have the following proposal:
Proposal 5:	For UE in cell center but not satisfying low-mobility criteria, the measurements on high priority frequencies are not further relaxed even when highPriorityMeasRelax is set.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Only a single value is configured for each RRM measurement relaxation threshold, and it applies to the measurements on all neighbor frequencies.
Proposal 2:	The same scaling factor is used for RRM measurement relaxation with longer intervals in both low-mobility scenario and not-at-cell-edge scenario. 
Proposal 3:	The same scaling factor is used for RRM measurement relaxation with longer intervals on all neighbor frequencies.
Proposal 4:	The scaling factor for RRM measurement relaxation with longer intervals is a predefined fixed value. The feasibility needs to be confirmed by RAN4.
Proposal 5:	For UE in cell center but not satisfying low-mobility criteria, the measurements on high priority frequencies are not further relaxed even when highPriorityMeasRelax is set.
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