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1 Introduction
In RAN2#112-e [1], the issue of serving cell early measurement reporting was discussed, but it was postponed because companies’ view was not converged:
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· RAN2 understanding is that serving frequency is not reported as part of early measurements when serving frequency is part of early measurement configuration. Serving cell is reported separately.
· FFS if there are issues with serving cell reporting 
· Postponed
In this contribution, we share our view on how to resolve this issue.
2 Discussion  
2.1 Issue illustration
According to latest RRC spec on EMR [2], the issue is: early measurement of serving cell is always measured / reported (as highlighted below) but the measurement quantity of serving cell is not quite clear in some cases.
===========copy from Section 5.7.8.2a of TS 38.331 [2] =====================================
2>
if the VarMeasIdleConfig includes the measIdleCarrierListNR and the SIB1 contains idleModeMeasurementsNR:

3>
for each entry in measIdleCarrierListNR within VarMeasIdleConfig that contains ssb-MeasConfig:

4>
if UE supports carrier aggregation or NR-DC between serving carrier and the carrier frequency and subcarrier spacing indicated by carrierFreq and ssbSubCarrierSpacing within the corresponding entry:

5>
perform measurements in the carrier frequency and subcarrier spacing indicated by carrierFreq and ssbSubCarrierSpacing within the corresponding entry;

5>
if the reportQuantities is set to rsrq:

6>
consider RSRQ as the cell sorting quantity;

5>
else:

6>
consider RSRP as the cell sorting quantity;

…
5>
for all cells applicable for idle/inactive measurement reporting and for the serving cell, derive cell measurement results for the measurement quantities indicated by reportQuantities;
5>
store the derived cell measurement results as indicated by reportQuantities for the serving cell within measResultServingCell in the measReportIdleNR in VarMeasIdleReport;
5>
store the derived cell measurement results as indicated by reportQuantities for cells applicable for idle/inactive measurement reporting within measResultsPerCarrierListIdleNR in the measReportIdleNR in VarMeasIdleReport in decreasing order of the cell sorting quantity, i.e. the best cell is included first, as follows:

                 …
================================================================================
And please note that IE reportQuantities is configured per frequency for EMR. Then, if serving frequency is not included in the frequency list for EMR, it is not clear which reportQuantities should be used for serving cell early measurement reporting. 
MeasIdleConfigSIB-r16 ::= SEQUENCE {

    measIdleCarrierListNR-r16       SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierNR-r16          OPTIONAL,     -- Need S

    measIdleCarrierListEUTRA-r16    SEQUENCE (SIZE (1..maxFreqIdle-r16)) OF MeasIdleCarrierEUTRA-r16       OPTIONAL,     -- Need S

    ...

}

MeasIdleCarrierNR-r16 ::=        SEQUENCE {

    carrierFreq-r16                  ARFCN-ValueNR,

    ssbSubcarrierSpacing-r16         SubcarrierSpacing,

    frequencyBandList                MultiFrequencyBandListNR                   OPTIONAL,  -- Need R

    measCellListNR-r16               CellListNR-r16                             OPTIONAL,  -- Need R

    reportQuantities-r16             ENUMERATED {rsrp, rsrq, both},
    ...
}

Observation 1: According to latest NR RRC spec, early measurement of serving cell is always reported, even if serving frequency is not included in EMR frequency list

Observation 2: The issue of serving cell early measurement reporting: because reporting quantities is configured per frequency for EMR, it is not clear which reporting quantities (RSRP/RSRQ/both) should be used for serving cell EMR reporting if serving frequency is not included in the EMR frequency list
Although this issue is for NR EMR, LTE EMR has the same issue on serving cell EMR reporting because the similar procedure text is used in TS 36.331 [3].
Observation 3: Because similar procedure text is used in TS 36.331, LTE EMR has the same issue on serving cell EMR reporting
2.2 Solutions
Basically, we have the following two cases:
· Case 1: if serving frequency is included in EMR (i.e. reportQuanties must be configured for serving cell)

· Case 2: if serving frequency is not included in EMR (i.e. reportQuanties is not configured for serving cell)
For Case 1), we think it is straight forward to follow reportQuanties configured in serving frequency for cell measurement derivation and sorting. In addition, beam measurement for serving cell is performed if configured in serving frequency.
We would like RAN2 to confirm this is a common understanding for both LTE and NR EMR.
Proposal 1: If serving frequency is included in frequency list for LTE/NR EMR: 
· reportQuanties configured in serving frequency is used for serving cell measurement derivation and sorting; 
· Beam level measurement of serving cell is performed if beamMeasConfigIdle-r16 is configured 
Then for Case 2), we think some clarifications need to be captured. First, even without EMR configuration in serving frequency, the serving cell measurement can always be performed by the configuration on cell (re)selection in SIB. Thus, it is not required to change spec to always report serving cell measurements in Case 2).  
Observation 4: If serving frequency is included in frequency list for LTE/NR EMR, the serving cell measurement can always be performed by the configuration on cell (re)selection in SIB.
Then, with regards to reportQuanties, there are below 3 alternative solutions to resolve it:

· Alt-1: take reportQuantities in the last measured EMR frequency of same RAT
· Note that it can be regarded as behavior of current spec, i.e. serving cell measurement in pervious EMR frequency was overridden, and only the last one is stored and reported.
· Alt-2: UE reports both RSRP and RSRQ (same as current CONNECTED RRM)
· Note that according to TS 38.133 [4], both RSRP and RSRQ of serving cell are always measured. So, there is no extra UE efforts on measurements. 
· Alt-3: leave it to UE implementation

Observation 5: If serving frequency is NOT included in frequency list for EMR, there are 3 alternative solutions:

· Alt-1: take reportQuantities in the last measured EMR frequency of same RAT

· Alt-2: UE reports both RSRP and RSRQ (same as current CONNECTED RRM)

· Alt-3: leave it to UE implementation

Among them, we show a bit preference on Alt-1 because no spec change is needed, although it seems not an efficient way. Note that because the same issue is in TS 36.331, the spec change on legacy LTE euCA behavior is not preferred.
Observation 6: If current spec is not changed, serving cell measurement is performed for each EMR frequency and overrides the one stored in previous EMR frequency. Finally, only cell measurement in the last EMR frequency is stored and reported.
Finally, we have another issue on whether beam level measurement is performed and reported for serving cell in Case 2). Different from cell level measurement, there is no beam measurement configuration for serving cell in SIB for cell (re)selection. Furthermore, we think it doesn’t make sense for the UE to use configuration in another EMR frequency to perform beam level measurement for serving cell. Thus, we think the UE doesn’t perform beam level measurement for serving cell in this case.   
Observation 7: Different from cell level measurement, there is no beam measurement configuration for serving cell in SIB for cell (re)selection. And it doesn’t make sense for the UE to use configuration in another EMR frequency to perform beam level measurement for serving cell
Based on Observation 4/6/7, we propose the following solution for Case 2):
Proposal 2: If serving frequency is NOT included in frequency list for LTE/NR EMR: 
· Cell level measurement of serving cell is performed with the configuration on cell (re)selection in SIB
· reportQuanties configured in the last measured EMR frequency of same RAT is used for serving cell measurement derivation and sorting; 
· Beam level measurement of serving cell is not performed and reported. 
On how to capture Proposal 1 and Proposal 2 in spec, we prefer not to change ASN.1 and procedure text because it may cause some inter-operability issue for LTE EMR specified in Rel-15. In addition, we believe serving frequency is most likely configured in EMR frequency list if the Network supports the feature. Thus, we tend to think RAN2 can capture a Note in either TS 38.331/36.331 or in Chair Notes.
Observation 8: Serving frequency is most likely configured in EMR frequency list if the Network supports the feature. And spec change may cause some inter-operability issue for LTE EMR specified in Rel-15
Proposal 3: RAN2 is kindly suggested to capture a Note for Proposal 1/2.
3 Conclusion
In this contribution, we discuss the issue of serving cell early measurement reporting, and how to resolve it.
Observation 1: According to latest NR RRC spec, early measurement of serving cell is always reported, even if serving frequency is not included in EMR frequency list

Observation 2: The issue of serving cell early measurement reporting: because reporting quantities is configured per frequency for EMR, it is not clear which reporting quantities (RSRP/RSRQ/both) should be used for serving cell EMR reporting if serving frequency is not included in the EMR frequency list
Observation 3: Because similar procedure text is used in TS 36.331, LTE EMR has the same issue on serving cell EMR reporting
Observation 4: If serving frequency is included in frequency list for LTE/NR EMR, the serving cell measurement can always be performed by the configuration on cell (re)selection in SIB.

Observation 5: If serving frequency is NOT included in frequency list for EMR, there are 3 alternative solutions:

· Alt-1: take reportQuantities in the last measured EMR frequency of same RAT

· Alt-2: UE reports both RSRP and RSRQ (same as current CONNECTED RRM)

· Alt-3: leave it to UE implementation
Observation 6: If current spec is not changed, serving cell measurement is performed for each EMR frequency and overrides the one stored in previous EMR frequency. Finally, only cell measurement in the last EMR frequency is stored and reported.

Observation 7: Different from cell level measurement, there is no beam measurement configuration for serving cell in SIB for cell (re)selection. And it doesn’t make sense for the UE to use configuration in another EMR frequency to perform beam level measurement for serving cell
Observation 8: Serving frequency is most likely configured in EMR frequency list if the Network supports the feature. And spec change may cause some inter-operability issue for LTE EMR specified in Rel-15
Proposal 1: If serving frequency is included in frequency list for LTE/NR EMR: 
· reportQuanties configured in serving frequency is used for serving cell measurement derivation and sorting; 
· Beam level measurement of serving cell is performed if beamMeasConfigIdle-r16 is configured 
Proposal 2: If serving frequency is NOT included in frequency list for LTE/NR EMR: 
· Cell level measurement of serving cell is performed with the configuration on cell (re)selection in SIB
· reportQuanties configured in the last measured EMR frequency of same RAT is used for serving cell measurement derivation and sorting; 
· Beam level measurement of serving cell is not performed and reported. 

Proposal 3: RAN2 is kindly suggested to capture a Note for Proposal 1/2.
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