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Introduction
[bookmark: _Ref178064866]This contribution discusses the remaining open issues for early measurements.
Discussion
2.1 Validity area
In LTE Rel-15 euCA, the UE could be configured to perform idle mode measurements to be reported once the UE returned to RRC_CONNECTED. These early measurement configurations could optionally contain a validity area, which were signaled as a PCI per carrier the UE was configured to measure on.
If the UE re-selected to a cell with a frequency and PCI matching the validity area, the UE would continue to perform measurements. However, if the UE re-selected to a cell on a carrier where the validity area didn’t include the PCI, the UE would stop the early measurements and delete the early measurement configurations.
It has been decided that a validity area will be introduced in NR as well, but some details are still open.
For instance, the LTE Rel-15 design of the validity area meant that the validity area could only contain cells on frequencies which the UE was configured to perform early measurements on (as the same carrier list was used to indicate which carriers to measure, and which carriers the cells in the validity area belonged to).
In LTE Rel-15 the validity area could only contain cells on frequencies which the UE was configured to perform idle mode measurements 
If the network would like to configure a validity area with cells which are on a frequency which the UE could re-select to, but which wouldn’t be relevant for early measurements, e.g. a low bandwidth carrier on a low frequency applicable for robustness but not useful for CA/DC, the network would still have to configure early measurements on that carrier to allow these cells to belong to the validity area.
To avoid this restriction in NR, the validity area should be defined separately from the idle/inactive measurement carrier list. In addition, if the validity area is defined separately from the carrier list to measure, the validity area could comprise a set of carriers instead of a set of cells.
[bookmark: _Toc24042063]The validity area is defined as a carrier list (which could be different from the carriers to be measured during RRC_IDLE/INACTIVE) with optional PCI list per carrier.
In addition, since it is possible to configure the idle/inactive measurements for only a particular frequency (i.e. without indicating a cell list), it should also be possible to configure a validity area comprising frequencies without indicating a cell list.
[bookmark: _Toc24042064]The cell list in the validity area is optional in order to be allow idle/inactive measurements while camping on any cell on that frequency.
An example ASN.1 and procedural handling of the validity area is show below.
MeasIdleConfigDedicated-r16 ::= SEQUENCE {
    measIdleCarrierListNR-r16       NR-CarrierList-r16                    OPTIONAL,     -- Need FFS
    measIdleCarrierListEUTRA-r16    EUTRA-CarrierList-r16                 OPTIONAL,     -- Need FFS
    measIdleDuration-r16            FFS-Value,
    validityAreaList-r16            ValidityAreaList-r16                  OPTIONAL,     -- Need N
    ...
}

ValidityAreaList-r16 ::= SEQUENCE (SIZE (1..maxFreq)) OF ValidityArea-r16

ValidityArea-r16 ::= SEQUENCE {
    carrierFreq-r16                 ARFCN-ValueNR,
    validityCellList-r16            ValidityCellList                      OPTIONAL      -- Need N
}

ValidityCellList :: = SEQUENCE (SIZE (1.. maxCellInter)) OF PhysCellId


1>	if validityAreaList is configured in VarMeasIdleConfig:
2> 	if the UE reselects to a serving cell on a frequency, which does not match the carrierFreq of any entry in the validityAreaList;
3>	stop T331;
2>	else:
3>	if validityCellList is included for the corresponding frequency:
4>	if the physical cell identity of the serving cell does not match any entry in validityCellList:
5>	stop T331;

2.2 Handling of early measurement configurations and results
During email discussion 106#37 it was discussed what the UE shall do with the inactive measurement configurations when it autonomously transitions to RRC_IDLE, e.g. a CN paging or resume failure, however this was not discussed online and there were no agreements how to handle this case.
Since the UE would anyway trigger a NAS recovery upon transition to RRC_IDLE, upon which the UE will send an RRC Setup Request to the network, it will then anyway release the idle/inactive measurement configurations upon reception of the RRC Setup message. There is thus no need to further optimize the behaviour. The stored measurements are still useful when the UE then sets up the connection from RRC_IDLE and should then be reported to the network. Since the UE then is in RRC_IDLE it should use the corresponding procedures for reporting.
[bookmark: _Toc24042065]No new behaviour is introduced for when the UE autonomously transition to RRC_IDLE, i.e. the UE shall keep the inactive measurement configurations and results and continue the measurements according to the old configurations until T331 expires or the UE receives the RRCSetup message (i.e. during NAS recovery).
The Rel-16 idle/inactive measurements may include both NR and E-UTRA carriers/cells in order to support both CA and different MR-DC scenarios. The idle/inactive measurement configuration may thus include both NR and E-UTRA related configurations. A question is then whether the idle/inactive measurements that are configured in one of the RATs should be possible to continue in the other RAT and if stored idle/inactive measurements should be possible to report in another RAT than where they were configured.
If the UE performs an inter-RAT cell reselection while in RRC_INACTIVE or RRC_IDLE, it will perform the actions upon going to RRC_IDLE. Since it then changes RAT, it will also start operating according to the target RAT specifications. If the UE then should continue operating according to the source RAT idle/inactive measurement configurations in the target RAT, significant specification work would be needed to be able to convert the configurations from one RAT to another. To simplify the procedure, the UE should therefore release the early measurement configurations. There is anyway a very limited benefit, if any, in keeping the old measurement configurations in the new RAT after an inter-RAT cell reselection.
The available idle/inactive measurement results are useful for several different scenarios, such as different variants of CA, NR-DC and/or MR-DC. Measurements performed on a specific NR carrier may thus be used for e.g. setup of NR-DC (as PSCell) or NR CA (SCell) if the UE connects to an NR cell, or for setup of EN-DC (as PSCell) if the UE connects to an E-UTRA cell. If a UE is configured with idle/inactive measurement configurations in one RAT and performs an inter-RAT cell reselection, the idle/inactive measurements from the source RAT may thus still be relevant in the target RAT. For instance, if a UE is configured with idle/inactive measurements in E-UTRA for both E-UTRA and NR cells and later reselects to an NR cell, the NR measurements might be useful to quickly setup e.g. NR CA when the UE connects to the network. The available measurement results should therefore not be released at the inter-RAT cell reselection. Instead they should be reported in the target RAT, if requested there.
[bookmark: _Toc4693826][bookmark: _Toc4694120][bookmark: _Toc4700301][bookmark: _Toc4700410][bookmark: _Toc4701368][bookmark: _Toc4704051][bookmark: _Toc4712973][bookmark: _Toc7285688][bookmark: _Toc7540378][bookmark: _Toc7685126][bookmark: _Toc16242348][bookmark: _Toc16504423][bookmark: _Toc16510966][bookmark: _Toc16707132][bookmark: _Toc16707510][bookmark: _Toc16696568][bookmark: _Toc16780673][bookmark: _Toc16780818][bookmark: _Toc20817253][bookmark: _Toc20817300][bookmark: _Toc20900819][bookmark: _Toc20905044][bookmark: _Toc20912730][bookmark: _Toc20912770][bookmark: _Toc20937281][bookmark: _Toc21012824][bookmark: _Toc21012986][bookmark: _Toc21014115][bookmark: _Toc21015442][bookmark: _Toc24042066]The UE shall release the idle/inactive measurement configuration (VarMeasIdleConfig) upon inter-RAT cell reselection.
[bookmark: _Toc4693827][bookmark: _Toc4694121][bookmark: _Toc4700302][bookmark: _Toc4700411][bookmark: _Toc4701369][bookmark: _Toc4704052][bookmark: _Toc4712974][bookmark: _Toc7285689][bookmark: _Toc7540379][bookmark: _Toc7685127][bookmark: _Toc16242349][bookmark: _Toc16504424][bookmark: _Toc16510967][bookmark: _Toc16707133][bookmark: _Toc16707511][bookmark: _Toc16696569][bookmark: _Toc16780674][bookmark: _Toc16780819][bookmark: _Toc20817254][bookmark: _Toc20817301][bookmark: _Toc20900820][bookmark: _Toc20905045][bookmark: _Toc20912731][bookmark: _Toc20912771][bookmark: _Toc20937282][bookmark: _Toc21012825][bookmark: _Toc21012987][bookmark: _Toc21014116][bookmark: _Toc21015443][bookmark: _Toc24042067]The UE shall keep the idle/inactive measurement results during an inter-RAT cell reselection and then report them to the target RAT if requested.

2.3 Differences in SSB configurations
If a UE was released in a cell which provided the SSB configurations for idle/inactive measurements for a particular carrier in the early measurement SIB (SIBx) or in the cell reselection SIBs (SIB2/4) and the UE then re-selects to a cell which doesn’t provide the SSB configurations for that carrier in either SIBx or SIB2/4, it is unclear what the UE shall do.
The previous agreement only considered if there was a mismatch, but in this case the target cell doesn’t provide any configurations at all. The simplest solutions would be to leave it up to UE implementation how to handle this case.
[bookmark: _Toc24042068]If a UE has received SSB configurations for a particular carrier for idle/inactive measurement configurations from SIB and reselects to a cell which doesn’t broadcast this information, it is up to UE implementation whether to perform measurements on that carrier using the stored SSB configurations 
Another issue is the a frequency that is a non-camping frequency in one cell could be a camping frequency in another cell (or vice versa). For example, a frequency may have been a non camping frequency at the cell where the UE got released and the UE has received the SSB configuration for that frequency in dedicated signaling. If the UE re-selects to another cell where this frequency is a camping frequency, then the SSB configuration for this frequency will be broadcasted in SIB2/4 (i.e. as part of cell re-selection information).  And this configuration can be different from the configuration that the UE has stored (e.g. different SMTC). Since the UE has to use this new configuration for performing cell re-selection measurements, it is not reasonable to stop the early measurements on that frequency just because there is a mismatch between the stored configuration from the source cell and the broadcasted information in the new cell.
[bookmark: _Toc24042069]If the cell reselection SIB includes an SSB configuration for a given frequency and the UE is configured to perform idle/inactive measurements on that frequency, the UE shall use the broadcasted SSB configurations, whether the initial SSB configuration for that frequency was received via dedicated or SIB when the UE was released.
2.4 Sorting of early measurement results
For early measurement results, it is possible to report RSRP, RSRQ or both. However, it is not specified how to sort the measurement results. The simplest solution would be to apply the same sorting rules as for connected mode, i.e. to sort by RSRP unless only RSRQ is configured as reporting quantity. This is applicable for both cell and beam level measurements.
[bookmark: _Toc24042070]The early measurement results are sorted by RSRP unless only RSRQ is configured as reporting quantity

This could e.g. be implemented in the running CR as:
[bookmark: _Toc12745616]5.7.x.2	Initiation
While T331 is running, the UE shall:
1>	perform the measurements in accordance with the following:
2>	if the VarMeasIdleConfig includes the measIdleCarrierListEUTRA:
3>	for each entry in measIdleCarrierListEUTRA within VarMeasIdleConfig:
4>	if UE supports dual connectivity between serving carrier and the carrier frequency and bandwidth indicated by carrierFreqEUTRA and allowedMeasBandwidth within the corresponding entry; or
4>	if UE supports carrier aggregation between the carrier frequency and bandwidth indicated by carrierFreqEUTRA and allowedMeasBandwidth within the corresponding entry and any other entry in the measIdleCarrierListEUTRA for which the UE supports dual connectivity between that entry and the serving carrier (i.e. SCG CA):
5>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
5>	if the measCellListEUTRA is included:
6>	consider the cells identified by each entry within the measCellListEUTRA to be applicable for idle mode measurement reporting;
5>	else:
6>	consider up to maxCellMeasIdle strongest identified cells whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold (if any) to be applicable for idle mode measurement reporting;
5>	if the reportQuantities is set to rsrq:
6>	consider RSRQ as the sorting quantity;
5>	else:
6>	consider RSRP as the sorting quantity;
5>	store measurement results for cells applicable for idle/inactive measurement reporting within the measReportIdleEUTRA in VarMeasIdleReport;
4>	else:
5>	do not consider the carrier frequency to be applicable for idle/inactive measurement reporting;
2>	if the VarMeasIdleConfig includes the measIdleCarrierListNR:
3>	for each entry in measIdleCarrierListNR within VarMeasIdleConfig:
4>	if UE supports carrier aggregation or dual connectivity between serving carrier and the carrier frequency and subcarrier spacing indicated by carrierFreqNR and ssbSubCarrierSpacing within the corresponding entry; or
4>	if UE supports carrier aggregation between the carrier frequency and subcarrier spacing indicated by carrierFreqNR and ssbSubCarrierSpacing within the corresponding entry and any other entry in the measIdleCarrierListNR for which the UE supports dual connectivity between that entry and the serving carrier (i.e. SCG CA):
5>	perform measurements in the carrier frequency and subcarrier spacing indicated by carrierFreq and ssbSubCarrierSpacing within the corresponding entry;
5>	if the measCellListNR is included:
6>	consider the serving cell and cells identified by each entry within the measCellListNR to be applicable for idle/inactive measurement reporting;
5>	else:
6>	consider the serving cell and up to maxCellMeasIdle strongest identified cells whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold (if any) to be applicable for idle/inactive measurement reporting;
5>	if the reportQuantities is set to rsrq:
6>	consider RSRQ as the sorting quantity;
5>	else:
6>	consider RSRP as the sorting quantity;
5>	store measurement results for cells applicable for idle/inactive measurement reporting within the measReportIdleNR in VarMeasIdleReport;
5>	if the includeBeamMeasurements is included:
6>	if the reportQuantityRS-Indexes is set to rsrq:
7>	consider RSRQ as the sorting quantity;
6>	else:
7>	consider RSRP as the sorting quantity;
6>	store the beam measurement results within the measReportIdleNR in VarMeasIdleReport;
[bookmark: _Toc23940771][bookmark: _Toc23960976]
Conclusion
[bookmark: _Hlk12363979][bookmark: _Toc7707499]Based on the discussion we propose the following:
Proposal 1	The validity area is defined as a carrier list (which could be different from the carriers to be measured during RRC_IDLE/INACTIVE) with optional PCI list per carrier.
Proposal 2	The cell list in the validity area is optional in order to be allow idle/inactive measurements while camping on any cell on that frequency.
Proposal 3	No new behaviour is introduced for when the UE autonomously transition to RRC_IDLE, i.e. the UE shall keep the inactive measurement configurations and results and continue the measurements according to the old configurations until T331 expires or the UE receives the RRCSetup message (i.e. during NAS recovery).
Proposal 4	The UE shall release the idle/inactive measurement configuration (VarMeasIdleConfig) upon inter-RAT cell reselection.
Proposal 5	The UE shall keep the idle/inactive measurement results during an inter-RAT cell reselection and then report them to the target RAT if requested.
Proposal 6	If a UE has received SSB configurations for a particular carrier for idle/inactive measurement configurations from SIB and reselects to a cell which doesn’t broadcast this information, it is up to UE implementation whether to perform measurements on that carrier using the stored SSB configurations
Proposal 7	If the cell reselection SIB includes an SSB configuration for a given frequency and the UE is configured to perform idle/inactive measurements on that frequency, the UE shall use the broadcasted SSB configurations, whether the initial SSB configuration for that frequency was received via dedicated or SIB when the UE was released.
Proposal 8	The early measurement results are sorted by RSRP unless only RSRQ is configured as reporting quantity
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