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1 Introduction
In RAN2 #99bis, the following agreements were made related to RRM Measurements [1]:

Agreements

1
NR measurement reporting in LTE will follow NR RRC decisions but may not include all parameters (e.g. CSI-RS measurements would not be included).

FFS: Whether the white list is supported.

2
For inter-RAT measurement on NR frequency configured by E-UTRAN, UE can report on detected cells.

3
Frequency specific offset is supported for NR measurement in LTE 

4
Cell specific offset will not be supported for NR measurement in LTE

5
LTE Inter-RAT measurement report that includes SSB based beam measurement results should be encoded in LTE RRC format.

Following an offline discussion at the same meeting [2], the following agreements were further made:

Agreements

1:
The UE can report NR serving cell measurements in Bx events related to NR measurements.

1.1:
The NR serving cell measurements included in Bx events include both PSCell and SCell.

3:
The UE includes ARFCN and PCI of the NR serving cells to identify the NR serving cell measurements.  SCellIndex is not used for this purpose. (May be revisited depending on the putcome of the discussion the uniqueness of the SCell index)

FFS:
The UE does not send NR serving cell measurements in measurement reports associated with LTE Ax events or in periodic measurement reports.

In this contribution, we discuss the above FFS point and provide a text proposal to the LTE specification for handling NR serving cell measurements.
2 Reporting of NR Serving Cell Measurements in EN-DC
The need to reduce the overhead of reporting NR serving cell measurements was discussed in [].  In particular, it was discussed that to reduce the overhead of reporting NR serving cell measurements to LTE, such reports should be limited to when necessary to support the required mobility scenarios.

In RAN2#99bis, the need for reports of NR serving cells (PSCell and SCell) to the LTE MN for EN-DC were discussed based on a number of mobility scenarios.  We treat these scenarios in more detail in each of the following subsections.
2.1 InterRAT HO Scenario
A UE configured in EN-DC may perform inter-RAT HO to an NR cell which is one of its serving cells on the SN.  To support such scenario, it was agreed at RAN2#99bis to include the NR serving cell measurements in the LTE-configured Bx events related to NR measurements.  There are a number of options for when the UE includes the serving cell measurements in the Bx events:

1) Include based on NW configuration

The UE could be configured by the NW to include or not the NR serving cell measurements.  While this is one way to reduce reporting overhead of NR serving cell measurements, we think that the possibility to perform HO to an NR serving cell should always be possible depending on the quality of the serving cell, and not based on configuration by the network
2) Include only when the NR serving cell triggered the measurement report

This option results in the least overhead of serving cell measurements, since the serving cells would be reported only when they are the ones which trigger the Bx events.  However, such an approach deviates from the LTE model, in that the NR serving cells would need to be configured as neignhbour cells.  
3) Always include them in Bx events

This option gives the MN the most flexibility in deciding the NR cell to be the target of the HO, since it will have access to the NR serving cells in all cases.  It is also the closest to the behaviour of serving cell measurement reporting in LTE today.
Proposal 1:
NR serving cell measurements are always included in Bx events related to NR.
2.2 LTE-LTE HO Scenario

LTE-LTE HO while in EN-DC can be supported by configured Ax events at the UE.  For the case of intra-MN HO, there is no need to consider the serving cell measurements of the NR cells, since no actions related to the SN can be taken for this scenario of HO.  As a result, there is no need for the UE to include these measurements in the reports of the Ax events configured by the LTE eNB for this case.
For inter-MN HO, it was agreed that the decision to add/release/change the SN is made by the target MN.  We think that this decision will be entirely based on factors related to traffic volume, load balancing, and Xn connectivity.  For instance, the target MN may determine to change the SN to ensure proper balancing of the load of its Xn connections, or due to the fact that it does not have an Xn connection with the original SN.  During the HO, the SN can decide, based on its own measurements of the NR serving cells whether to accept or reject the SN addition that is sent by the target MN following completion of the HO.
Based on this, inclusion of NR serving cells in the measurement reports for LTE Ax events is unnecessary, and would only create additional overhead in the reporting of the UE.
Proposal 2:
NR serving cell measurements are not sent in the reports related to LTE Ax events 
2.3 SN Mobility Scenarios

Periodic reporting of the serving cell measurements of the SCG in the case of LTE was needed for the MeNB to manage mobility of the SCG (e.g. SCG change).  For EN-DC, it has been agreed that the MN is not involved in intra-SN mobility decisions.  Rather, these are handled by the SN itself by SN-configured measurements.

Furthermore, the MN can only initiate the following changes related to a configured SN: 

1) MN initiated SN change; 

2) MN initiated SN release.  

In both cases, the decisions are based on load balancing, traffic volume, and use of Bx events.  For example, in case 1) the MN may initiate an SN change to balance the load over different SNs, and may use measurements from configured B1 event to select an appropriate SN for the change.  In case 2), the MN may decide to release the SN due to a decrease of the traffic to the UE.  Allowing the MN to make decisions for either of the above cases based on measurements of the SN would result in conflicting decisions/actions taken by the MN and SN simultaneously and would require inter-node procedures for how to handle these, which we have not discussed in the stage 2 work for EN-DC.  
As a result, SN mobility scenarios do not require measurements of the NR serving cells to be always reported to the LTE MN in EN-DC (contrary to LTE-LTE DC), and avoiding such reports would reduce the overhead at the UE. 
Proposal 3:
NR serving cell measurements are not sent by the UE in periodic measurement reports configured by LTE.

2.4 Stage 3 Details

At RAN2#98, it was agreed to identify the NR serving cell measurements using the frequency and PCI, instead of the serving cell index.  There are therefore two options for how the NR serving cell measurements can be reported by the UE:

1) Reported as part of a new serving cells IE where each serving cell is associated with frequency and PCI instead of serving cell index.

2) Report them as part of the neighbour cells list, where the cells are already identified by frequency and PCI

Partial ASN.1 and procedural text changes have been included for the two options in the appendix to illiustrate them.

Although both are possible, we have a preference for option 1, since it keeps the NR serving cells separate from the neighbour cells which is logically more consistent.  
Proposal 4:
Include NR serving cells in the LTE measurement reports as a new IE: measResultServFreqNR.
3 Conclusion

In this contribution the following conclusions have been made related to reporting of NR serving cell measurements in EN-DC:
Proposal 1:
NR serving cell measurements are always included in Bx events related to NR.

Proposal 2:
NR serving cell measurements are not sent in the reports related to LTE Ax events 

Proposal 3:
NR serving cell measurements are not sent by the UE in periodic measurement reports configured by LTE.

Proposal 4:
Include NR serving cells in the LTE measurement reports as a new IE: measResultServFreqNR.

4 Annex
4.1 Option 1: Reporting of NR serving cell measurements in new measResultServFreqList

5.5.5
Measurement reporting
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Figure 5.5.5-1: Measurement reporting

The purpose of this procedure is to transfer measurement results from the UE to E-UTRAN. The UE shall initiate this procedure only after successful security activation.

For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:

1>
set the measId to the measurement identity that triggered the measurement reporting;

1>
set the measResultPCell to include the quantities of the PCell;

1>
set the measResultServFreqList to include for each E-UTRA SCell that is configured, if any, within measResultSCell the quantities of the concerned SCell, if available according to performance requirements in [16], except if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to reportLocation; 
1>
if the triggerType is set to event; and if the corresponding measObject concerns NR; and if eventId is set to eventB1 or eventB2:
2>
if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to a value other than reportLocation:

3>
set the measResultServFreqListNR to include for each NR serving frequency, if any, the following:

4>
set measResultSCell to include the quantities of the NR serving cell, if available according to performance requirements in [16];
4>
if the reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas:

5>
set measResultBestNeighCell to include the quantities of the best non-serving cell, based on RSRP, unless the serving frequency concerns the frequency corresponding with the measId that triggered the measurement reporting;

…
MeasResults ::=





SEQUENCE {


measId







MeasId,


measResultPCell




SEQUENCE {



rsrpResult






RSRP-Range,



rsrqResult






RSRQ-Range


},


measResultNeighCells



CHOICE {



measResultListEUTRA




MeasResultListEUTRA,



measResultListUTRA




MeasResultListUTRA,



measResultListGERAN




MeasResultListGERAN,



measResultsCDMA2000




MeasResultsCDMA2000,



...


}

















OPTIONAL,


...,


[[
measResultForECID-r9



MeasResultForECID-r9


OPTIONAL


]],


[[
locationInfo-r10




LocationInfo-r10



OPTIONAL,



measResultServFreqList-r10


MeasResultServFreqList-r10

OPTIONAL


]],


[[
measId-v1250





MeasId-v1250




OPTIONAL,



measResultPCell-v1250



RSRQ-Range-v1250



OPTIONAL,



measResultCSI-RS-List-r12


MeasResultCSI-RS-List-r12

OPTIONAL


]],


[[
measResultForRSSI-r13



MeasResultForRSSI-r13


OPTIONAL,



measResultServFreqListExt-r13

MeasResultServFreqListExt-r13
OPTIONAL,



measResultSSTD-r13




MeasResultSSTD-r13



OPTIONAL,



measResultPCell-v1310



SEQUENCE {




rs-sinr-Result-r13




RS-SINR-Range-r13



}
















OPTIONAL,



ul-PDCP-DelayResultList-r13


UL-PDCP-DelayResultList-r13

OPTIONAL,



measResultListWLAN-r13



MeasResultListWLAN-r13


OPTIONAL


]],


[[
measResultPCell-v1360



RSRP-Range-v1360



OPTIONAL


]],


[[
measResultListCBR-r14



MeasResultListCBR-r14


OPTIONAL,



measResultListWLAN-r14



MeasResultListWLAN-r14


OPTIONAL


]] ,

[[
measResultServFreqListNR-r15

MeasResultServFreqListNR-r15


OPTIONAL


]]
MeasResultServFreqNR-r15 ::=

SEQUENCE {


carrierFreq-r15





ARFCN-ValueNR-r15,


measResultSCell-r15




MeasResultCellNR-r15



OPTIONAL,

measResultBestNeighCell-r15


MeasResultCellNR-r15



OPTIONAL,

...
}

MeasResultCellNR-r15 ::=


SEQUENCE {


pci-r15







PCI-NR-r15,


cellInfo-r15





CellInfoNR-r15




OPTIONAL,

measResultCell-r15




MeasResult-NR-r15,

measResultRS-IndexList-r15


MeasResultSSB-IndexList-r15



OPTIONAL,


...

}


4.2 Option 2: Reporting of NR serving cell measurements as neighbour cells
5.5.5
Measurement reporting
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Figure 5.5.5-1: Measurement reporting

The purpose of this procedure is to transfer measurement results from the UE to E-UTRAN. The UE shall initiate this procedure only after successful security activation.

For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:

1>
set the measId to the measurement identity that triggered the measurement reporting;

1>
set the measResultPCell to include the quantities of the PCell;

1>
set the measResultServFreqList to include for each E-UTRA SCell that is configured, if any, within measResultSCell the quantities of the concerned SCell, if available according to performance requirements in [16], except if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to reportLocation; 
1>
if the reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas:

2>
for each serving frequency for which measObjectId is referenced in the measIdList, other than the frequency corresponding with the measId that triggered the measurement reporting:
3>
set the measResultServFreqList to include within measResultBestNeighCell the physCellId and the quantities of the best non-serving cell, based on RSRP, on the concerned serving frequency;

1>
if there is at least one applicable neighbouring cell to report:
2>
set the measResultNeighCells to include the best neighbouring cells up to maxReportCells in accordance with the following:
3>
if the triggerType is set to event:
4>
include the cells included in the cellsTriggeredList as defined within the VarMeasReportList for this measId;
4> if the corresponding measObject concerns NR; and if eventId is set to eventB1 or eventB2:


5> include the NR serving cells 
3>
else:

4>
include the applicable cells for which the new measurement results became available since the last periodical reporting or since the measurement was initiated or reset;

…
MeasResultCellNR-r15 ::=


SEQUENCE {


pci-r15







PCI-NR-r15,


cellInfo-r15





CellInfoNR-r15




OPTIONAL,

measResultCell-r15




MeasResult-NR-r15,

measResultRS-IndexList-r15


MeasResultSSB-IndexList-r15



OPTIONAL,


...

}
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