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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last meeting [1], RAN4 agreed on the following WF for the RRM measurement relaxation in RRC IDLE/INACTIVE mode
	Applicability of RRM relaxation methods for scenario#1 and scenario#2:
Scenario #1: 
Agreement - RRM measurement relaxation with longer intervals
Scenario #2: 
Agreement - RRM measurement relaxation with longer intervals
FFS on the scaling factor of measurement interval
Option 1: Fixed value
FFS on one fixed value for both scenario#1 and scenario #2
FFS on separate values for scenario#1 and scenario #2 
Option 2: Network configurable value
FFS on the transition period between scenario#1 or scenario#2 and scenario#3 
Option1:
When switching from scenario#2 to scenario#3, UE shall fulfill the requirements corresponding to scenario#2 for N DRX cycles and thereafter switch to requirements corresponding to scenario#3
When switching from scenario#3 to scenario#2, UE shall fulfill the requirements corresponding to scenario #2 immediately. 
Other option is not precluded.
RRM measurement relaxation for inter-frequency layer with higher priority
Option 1: (CATT, Vivo, CMCC, Huawei, LGE, OPPO, Apple, MediaTek)
When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 
When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same relaxed measurement requirement as those for the frequency layer of equal/lower priority.
Option 2: (Ericsson)
Measurements of higher priority carriers shall not be relaxed in high mobility scenarios (scenario #2)
Option 3: (Nokia)
Measurements of higher priority carriers shall not be relaxed
RRM measurement relaxation by reducing the number of frequency layer to be measured
No consensus to introduce the RRM measurement relaxation by reducing the number of frequency layer in RAN4 94e. 
Interested companies are encouraged to provide analysis on achievable power saving from reducing number of frequency layers for intra/inter-frequency measurements in RAN4 94bis
EMR impact in power saving mode
Option 1: Up to UE’s implementation(CATT, Vivo)
Option 2: EMR frequency layer shall not be relaxed if T331 is running (LGE, Nokia, Qualcomm, CATT, OPPO, CMCC, Apple, Ericsson, ZTE, Intel)
Option 3: EMR frequency layer shall be relaxed (Huawei, MediaTek)
RRM measurement relaxation threshold for inter-frequency measurement
Option 1: Introduce carrier specific search thresholds for measurement relaxation(Vivo, Nokia, LGE)
Option 2: Up to RAN2’s decision(CATT, Huawei, OPPO,CMCC, Apple, Ericsson, ZTE, MediaTek, Qualcomm)



RAN4 has already agreed that RRM measurement relaxation with longer measurement intervals will be applied when UE is only in the low mobility condition or UE is only not at cell edge condition. In this paper, we will discuss the remaining issues, e.g., the relaxation scenarios and corresponding UE behaviors, the setting of the threshold value, and the scaling factors. Besides, EMR impact in power saving mode is also considered.
2	Discussion 
RRM measurement relaxation threshold for inter-frequency measurement
We firstly would like to discuss whether RAN4 should introduce the carrier specific search threshold for inter-frequency measurement. In last meeting, it was agreed in the RAN2 CR [2] that the thresholds of both low mobility condition and not at cell edge condition are scalar. It means that all target intra-frequency or inter-frequency will apply the same threshold of low mobility condition to conduct power saving, and also all target intra-frequency or inter-frequency will apply the same threshold of not at cell edge condition to conduct power saving. 
[bookmark: _Ref36930192]Proposal 1: RAN 4 to confirm that RRM measurement relaxation threshold is the same for all frequency layers 

	SIB2 ::=                            SEQUENCE {
    cellReselectionInfoCommon           SEQUENCE {
        nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)          OPTIONAL,       -- Need S
        absThreshSS-BlocksConsolidation     ThresholdNR                                     OPTIONAL,       -- Need S
        rangeToBestCell                     RangeToBestCell                                 OPTIONAL,       -- Need R
        q-Hyst                              ENUMERATED {
                                                dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,
                                                dB12, dB14, dB16, dB18, dB20, dB22, dB24},
        speedStateReselectionPars           SEQUENCE {
            mobilityStateParameters             MobilityStateParameters,
            q-HystSF                        SEQUENCE {
                sf-Medium                       ENUMERATED {dB-6, dB-4, dB-2, dB0},
                sf-High                         ENUMERATED {dB-6, dB-4, dB-2, dB0}
            }
        }                                                                                   OPTIONAL,       -- Need R
    ...,
 [[
    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
    ]]

    },



Threshold mismatch between not at cell edge condition and cell center condition
As we have seen, the ENUMERATED of s-SearchThresholdP-r16 and s-SearchThresholdQ-r16              for not at cell edge condition are ReselectionThreshold and ReselectionThresholdQ, respectively. According to the current RAN2 spec, it is possible that threshold of not at cell edge condition might be configured with a value no less than threshold of cell center condition (ENUMERATED of s-IntraSearchP and s-IntraSearchQ are also ReselectionThreshold and ReselectionThresholdQ, respectively). This kind of configurations exist indication conflict. For example, for an high priority inter-frequency, when the cell center condition is fulfilled, UE should conduct the normal measurement. However, if threshold of not at cell edge condition is larger than that of the cell center condition, the not at cell edge condition might also be fulfilled at the same time, and it implies that UE can be allowed to measure with extended measurement interval. UE behavior has ambiguity for this case. Thus, we suggest to preclude this scenario in the RAN4 spec.  
[bookmark: _Ref36930199]Proposal 2: No RAN4 requirements are specified when the configured threshold of not at cell edge condition is no less than the configured threshold of cell center condition.

RRM measurement relaxation for inter-frequency layer with higher priority
If aforementioned proposal is agreed, we can divide the UE behaviors based on 3 different UE locations shown in Figure 1, i.e., the cell center, middle area, and cell edge.
[image: ] 
[bookmark: _Ref36924731]Figure 1: 3 UE locations in ILDE RRM measurement
The scenarios and the corresponding UE behaviors for IDLE mode power saving are listed in Table 1, where scaling factors Krelax_LowMobility and Krelax_NotCellEdge are used to denote the relaxation when only the low mobility condition is fulfilled and only the not at cell edge condition is fulfilled, respectively. However, there exists a scenario in this table that hasn’t been agreed in RAN4, it is marked by the gray color. 
[bookmark: _Ref36928579]Table 1: Relaxation principles of R-16 power saving 
	High priority NBR cell
	Low mobility
	Not low mobility
	
	Equal/Low priority NBR cell
	Low mobility
	Not low mobility

	Cell center
	No requirement
	Normal measurement
(already long interval)
	
	Cell center
	No requirement
	No requirement

	Middle area
	No requirement
	Krelax_NotCellEdge
	
	Middle area
	No requirement
	Krelax_NotCellEdge

	Cell edge
	Krelax_LowMobility
	Normal measurement
	
	Cell edge
	Krelax_LowMobility
	Normal measurement



Considering that when UE is located in the cell center, the search time for inter-frequency measurement with higher priority is very long already ( Thigher_priority_search = (60 * Nlayers) seconds), we do not think a further extension is needed. So we suggest that 
[bookmark: _Ref36930200]Proposal 3: When UE is located in the cell center, the search time for inter-frequency measurement with higher priority will not be relaxed.

Scenarios for scaling factor apply on 
Furthermore, RAN4 also needs to confirm how the delay requirements of high/equal/low priority intra/inter-frequency neighboring cell are scaling up. According to the current spec [3], UE is required to measure within Tdetect for the unknown cell and Tevaluate for the known cell, and two measurements shall be spaced by at least Tmeasure,NR/2 within the set of measurements used for the filtering. We propose that
[bookmark: _Ref36930201]Proposal 4: Scaling factor of RRM measurement relaxation with longer intervals should apply to Tdetect, Tevaluate, and Tmeasure.    

Scaling factor of measurement interval
As for whether to apply same value for the scaling factors Krelax_LowMobility and Krelax_NotCellEdge. From UE perspective, the simple solution will benefit the UE measurement scheduling, especially that the relaxation principles shown in Table 1 are already very complicated. So we support to apply same setting for these 2 scaling factors. Besides, a fixed value is preferred.
[bookmark: _Ref36930203]Proposal 5: RAN4 to apply same fixed scaling factor for IDLE mode RRM relaxation when only the low mobility condition is fulfilled or only the not at cell edge condition is fulfilled. 

[bookmark: _Ref525844622]EMR impact in power saving mode
We would like to also provide our own view on the impact of RRM measurement relaxation on early measurement reporting. For UE who supports the RRM measurement relaxation in IDLE mode, the measurement period might be extended for the neighboring cell measurement for re-selection purpose. Since the re-selection requirement are re-used to specify the requirement of EMR overlapping carrier, it is better to relax EMR at the same time. Otherwise, it becomes complicated when measurement relaxation is only applied for re-selection while not for the EMR. So we suggest that
[bookmark: _Ref32527872]Proposal 6: For UE who supports both the IDLE mode RRM relaxation and EMR, UE shall also be allowed to relax the measurement period of the EMR carriers.

3	Summary 
In this contribution, we have the following proposals:
Proposal 1: RAN 4 to confirm that RRM measurement relaxation threshold is the same for all frequency layers 
Proposal 2: No RAN4 requirements are specified when the configured threshold of not at cell edge condition is no less than the configured threshold of cell center condition
Proposal 3: When UE is located in the cell center, the search time for inter-frequency measurement with higher priority will not be relaxed
Proposal 4: Scaling factor of RRM measurement relaxation with longer intervals should apply to Tdetect, Tevaluate, and Tmeasure
Proposal 5: RAN4 to apply same fixed scaling factor for IDLE mode RRM relaxation when only the low mobility condition is fulfilled or only the not at cell edge condition is fulfilled
[bookmark: _GoBack]Proposal 6: For UE who supports both the IDLE mode RRM relaxation and EMR, UE shall also be allowed to relax the measurement period of the EMR carriers
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