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In this contribution, we discuss the details of RRM measurements. We focus on issues that are not discussed in the ongoing email discussion [99#32] (TP on RRM). Some issues already have corresponding agreements but not yet captured in the TP, while other issues may require further discussion. We also provide some text proposal for Clause 5.5. The text proposal part considers only issues with corresponding agreements, and other issues will be considered once we have conclusions.
Discussion
Issues in 5.5.1 Introduction
1.1.1 Capturing definition of intra- and inter-frequency measurement
The definition of intra- and inter-frequency measurement should be captured in RRM specification. In Subclause 5.5.1 of current TS 36.331, we have the following text.
	The UE can be requested to perform the following types of measurements:
-	Intra-frequency measurements: measurements at the downlink carrier frequency(ies) of the serving cell(s).
-	Inter-frequency measurements: measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).
…


For NR, UE can be requested to perform intra- and inter-frequency measurements, based on either SS block or CSI-RS. In RAN4#84 meeting, WF on RRM [1] was agreed, in which the following definitions about intra- and inter-frequency are provided.
	· SS block (SSB) based RRM Measurements:
· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided:
· the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 
· the subcarrier spacing of the SSB of the serving and neighbour cell are the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided:
· the center frequency of the SSB of the serving cell and center frequency of the SSB of he neighbour cell are different, or 
· the subcarrier spacing of the SSB of the serving and neighbour cell are different. 
· CSI-RS based RRM Measurements:
· CSI-RS based Intra-frequency Measurement: A measurement is defined as a CSI-RS based intra-frequency measurement provided:
· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and 
· the subcarrier spacing of serving cell and neighbour cell CSI-RS are the same.
· CSI-RS based Inter-frequency Measurement: A measurement is defined as a CSI-RS based inter-frequency measurement provided:
· the bandwidth of the CSI-RS resource configured for measurement on the neighbour cell is not within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, or 
· the subcarrier spacing of serving cell and neighbour cell CSI-RS are different.


We suggest that the four possible combinations (intra vs. inter-frequency and SSB vs. CSI-RS) be captured in Subclause 5.5.1.
Proposal 1:	In Subclause 5.5.1, capture that the UE can be requested to perform intra- and inter-frequency measurements, based on either SS block or CSI-RS (four combinations).
Issues in 5.5.2 Measurement configurations
1.1.2 General descriptions
In LTE, general descriptions of measurement configurations include text about measurement object (MO) and ARFCN. In RAN2#99 meeting, the following agreements about RRM measurements were made.
Agreements
1	There is one NR-ARFCN per MO

2	For measurements of carriers where SSB is not present (measurements performed on CSI-RS):
i	MO includes CSI-RS resources for L3 mobility measurements; and
ii	MO includes some indication that no SSB is provided on this carrier.
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.

3	For measurements of carriers where SSB is present:
	If SSB is not located in the centre of the carrier, then offset to the ARFCN provides the location in frequency of the SSB within that carrier. 
FFS Whether the MO has only one SSB or whether the MO can include the location of more than one SSB.

Agreements above relate to a single BWP in which case the NR ARFCN would be the centre of the BWP. Case of multiple BWPs is FFS
In single-BWP case, the NR-ARFCN would be the centre of the serving frequency as well as the BWP, and a MO is associated with a serving frequency. Different interpretations and configurations about MO and NR-ARFCN may be considered in multiple-BWP case. Since corresponding agreements have been made for the former case and the latter case is left for FFS, the descriptions about MO and NR-ARFCN should also be included in Subclause 5.5.2.1, in which we assume one MO is associated with one serving frequency. The text may be further revised once we have clear understanding about multiple-BWP case.
Proposal 2:	In single-BWP case, one MO is associated with one serving frequency. In Subclause 5.5.2.1, include corresponding descriptions about MO and ARFCN.
Issues in 5.5.3 Performing measurements
1.1.3 Measurement quantities
In NR, RRM measurement quantities include RSRP, RSRQ, and RS-SINR. Procedural text about UE performing RS-SINR is missing in current TP. Since the detailed definitions of RS-SINR are still under RAN1/RAN4 discussion, corresponding procedure text can be left FFS, and we simply add an FFS item in Subclause 5.5.3.1.
Proposal 3:	In Subclause 5.5.3.1, include procedure text about UE performing RS-SINR measurements.
Issues in 5.5.4 Measurement report triggering
1.1.4 General
In RAN2#99 meeting, the following agreements about RRM measurements were made.
Agreements:
1	Keep current principles where measurement results are collected per measurement ID and the VarMeasReportList lists information per measurement ID about measurements for which triggering conditions have been met.
2	Include whitecell list in NR measurement object and parameter use whitecell list in reporting configuration (or at measurement ID level) as in LTE.
3	Include both frequency specific offset as well as cell specific offsets in MO. Offsets are for use in the event evaluation.
FFS Whether it is possible to also include cell specific offsets within the reporting configuration.
4	Autonomous changes to the measurement configuration are included in the spec only if necessary to avoid situations where the measurement configuration would be invalid following handover or re-establishment.
Based on the agreement, the IE whiteCellsToAddModList is included in measObject (as in LTE). Therefore we can keep the procedure about white cell list unchanged and remove the related FFS.
Proposal 4:	In Subclause 5.5.4.1, keep the procedure about white cell list unchanged and remove the related FFS item.
1.1.5 Definition of A-type events
Regarding measurement report triggering, the following agreements have been made in previous meetings.
	(RAN2#97) 2: At least event A1-A6 can be configured for xSS.
(RAN2#97bis) 2: Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.


Therefore, descriptions of A-type events should be captured in the TP. 
In EN-DC, NR gNB is configured as secondary node (SN). For the SN link, Event A1 and A2 are used to determine if the receiving power from serving cell at NR layer is good enough; Event A3 and A5 are used for UE to handover from one SN to another; Event A4 is used for SN addition. Therefore, Event A1 to A5 should be clearly defined in Phase one where NSA deployment is supported but SA is not. The details for Event A6 can be left FFS.
Proposal 5:	In Subclause 5.5.4, introduce descriptions of Event A1 to A5, and keep Event A6 FFS.

Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	In Subclause 5.5.1, capture that the UE can be requested to perform intra- and inter-frequency measurements, based on either SS block or CSI-RS (four combinations).
Proposal 2:	In single-BWP case, one MO is associated with one serving frequency. In Subclause 5.5.2.1, include corresponding descriptions about MO and ARFCN.
Proposal 3:	In Subclause 5.5.3.1, include procedure text about UE performing RS-SINR measurements.
Proposal 4:	In Subclause 5.5.4.1, keep the procedure about white cell list unchanged and remove the related FFS item.
Proposal 5:	In Subclause 5.5.4, introduce descriptions of Event A1 to A5, and keep Event A6 FFS.
Text Proposal
In the TP below, the remarks are based on the endorsed TP [R2-1707855]. The modifications show below reflects our opinions in previous section, as well as those presented in the on-going e-mail discussion [99#32] RRM on TP.
************************************ Beginning of the text proposal ***********************************
[bookmark: _Toc470095273]5.5	Measurements
[bookmark: _Toc470095274]5.5.1	Introduction
An RRC_CONNECTED UE can be configured by the network to perform measurements and report them in accordance with the measurement configuration. These measurements can be on a cell level and on a beam level. The measurement configuration is provided by means of dedicated signalling.
The network can configure the UE to perform the following types of measurements:
-	Intra-frequency measurements: measurements at the downlink carrier frequency(ies) of the serving cell(s).
-	SSB based intra-frequency measurement: measurements on cells in which the centre frequency of SSB is the same as the centre frequency of the SSB, and the subcarrier spacing of SSB is the same as the subcarrier spacing of the SSB of the serving cell.
-	SSB based inter-frequency measurement: measurements on cells in which the centre frequency of SSB is different from the centre frequency of the SSB, or the subcarrier spacing of SSB is different from the subcarrier spacing of the SSB of the serving cell.
-	CSI-RS based intra-frequency measurement: measurements on cells in which the bandwidth of the CSI-RS resource configured for measurement is within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, and the subcarrier spacing of CSI-RS is the same as the subcarrier spacing of the CSI-RS of the serving cell.
-	CSI-RS based inter-frequency measurement: measurements on cells in which the bandwidth of the CSI-RS resource configured for measurement is not within the bandwidth of the CSI-RS resource configured for measurement on the serving cell, or the subcarrier spacing of CSI-RS is different from the subcarrier spacing of the CSI-RS of the serving cell.-	Inter-frequency measurements: measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).

-	Inter-RAT measurements of E-UTRA frequencies.
FFS Whether an RRC_CONNECTED UE can be configured to perform UTRA measurements, GSM measurements and/or non-3GPP inter-RAT measurements (WLAN, CDMA2000, etc.)
FFS Whether in NR there is any distinction between intra-frequency and inter-frequency measurements as in LTE. 

The measurement configuration includes the following parameters:
1.	Measurement objects: A list of objects on which the UE shall perform the measurements.
-	For intra-frequency and inter-frequency measurements a measurement object is associated to an NR carrier frequency. Associated with this carrier frequency, the network can configure a list of 'blacklisted' cells and a list of 'whitelisted' cells. Blacklisted cells are not applicable in event evaluation or measurement reporting. Whitelisted cells are the only ones applicable in event evaluation or measurement reporting.
-	Both frequency specific offset and cell specific offsets can be included in a measurement object. Offsets are for use in the event evaluation.
-	For measurements of carriers where SSB is present, if SSB is not located in the centre of the carrier, offset to the ARFCN provides the location in frequency of the SSB within that carrier.
-	For measurements of carriers where SSB is not present (measurements performed on CSI-RS), measurement object includes CSI-RS resources for L3 mobility measurements; and some indication that no SSB is provided on this carrier.

FFS Whether the network can configure a list of cell-specific offsets per measurement object.
FFS Whether the whitelisted cells should be moved to some other part of the measurement configuration.
FFS Whether for inter RAT E-UTRA measurements a measurement object is a set of cells on a single E-UTRA carrier.
2.	Reporting configurations: A list of reporting configurations where there can be one or multiple reporting configurations per measurement object. Each reporting configuration consists of the following:
-	Reporting criterion: The criterion that triggers the UE to send a measurement report. which This can either be event triggered or periodical or a single event description. The criterion also includes a trigger quantity (e.g. RSRP). 
-	RS type: The RS that the UE uses for cell quality derivation and beam measurements (NR-SS or CSI-RS).

-	Reporting format: The cell level and beam level quantities that the UE includes in the measurement report (e.g. RSRP) and associated information (e.g. number of cells and/or beams to report). The network may configure the beam level report based on the same measurement quantity(ies) as that for cell measurement, or also based on other measurement quantity(ies).
3.	Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities, it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is also included in the measurement report that triggered the reporting, serving as a reference to the network.
4.	Quantity configurations: One quantity configuration is configured per RAT type. The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type. 
5.	Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled.
An RRC_CONNECTED UE maintains a single measurement object list, a single reporting configuration list, and a single measurement identities list. The measurement object list possibly includes NR intra-frequency object(s) (i.e. the object(s) corresponding to the serving frequency(ies)), NR inter-frequency object(s) and inter-RAT objects. Similarly, the reporting configuration list includes NR and inter-RAT reporting configurations. Any measurement object can be linked to any reporting configuration of the same RAT type. Some reporting configurations may not be linked to a measurement object. Likewise, some measurement objects may not be linked to a reporting configuration.
The measurement procedures distinguish the following types of cells:
1.	The serving cell(s) - these are the PCell and one or more SCells, if configured for a UE supporting CA.
2.	Listed cells - these are cells listed within the measurement object(s).
3.	Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).
For NR measurement object(s), the UE measures and reports on the serving cell(s), listed cells and/or detected cells.
FFS Whether that is also applicable for E-UTRAN measurement object(s).
Whenever the procedural specification, other than contained in sub-clause 5.5.2, refers to a field it concerns a field included in the VarMeasConfig unless explicitly stated otherwise i.e. only the measurement configuration procedure covers the direct UE action related to the received measConfig.
[bookmark: _Toc470095275]5.5.2	Measurement configuration
[bookmark: _Toc470095276]5.5.2.1	General
The network applies the procedure as follows:
-	to ensure that, whenever the UE has a measConfig, it includes a measObject for each serving frequency;
-	for serving frequencies, set the NR-ARFCN within the corresponding measObject according to the band as used for reception/ transmission;
NR applies the procedure as follows:
-	to ensure that, whenever the UE has a measConfig, it includes a measObject for each serving frequency;
-	for serving frequencies, set the NR-ARFCN within the corresponding measObject according to the band as used for reception/ transmission;
FFS Whether the procedure is also used for CGI reporting.
FFS whether to configure at most one measurement identity using a reporting configuration with ul-DelayConfig;

The UE shall:
1>	if the received measConfig includes the measObjectToRemoveList:
2>	perform the measurement object removal procedure as specified in 5.5.2.4;
1>	if the received measConfig includes the measObjectToAddModList:
2>	perform the measurement object addition/ modification procedure as specified in 5.5.2.5;
1>	if the received measConfig includes the reportConfigToRemoveList:
2>	perform the reporting configuration removal procedure as specified in 5.5.2.6;
1>	if the received measConfig includes the reportConfigToAddModList:
2>	perform the reporting configuration addition/ modification procedure as specified in 5.5.2.7;
1>	if the received measConfig includes the quantityConfig:
2>	perform the quantity configuration procedure as specified in 5.5.2.8;
1>	if the received measConfig includes the measIdToRemoveList:
2>	perform the measurement identity removal procedure as specified in 5.5.2.2;
1>	if the received measConfig includes the measIdToAddModList:
2>	perform the measurement identity addition/ modification procedure as specified in 5.5.2.3;
1>	if the received measConfig includes the measGapConfig:
2>	perform the measurement gap configuration procedure as specified in 5.5.2.9;
FFS How to configure s-Measure e.g. whether it is part of reportConfig, measObject, or measConfig, Also, whether s-Measure relates to NR-SS only, CSI-RS only or it is configurable.
[bookmark: _Toc470095277]5.5.2.2	Measurement identity removal
The UE shall:
1>	for each measId included in the received measIdToRemoveList that is part of the current UE configuration in VarMeasConfig:
2>	remove the entry with the matching measId from the measIdList within the VarMeasConfig;
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]2>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
2>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;
NOTE:	The UE does not consider the message as erroneous if the measIdToRemoveList includes any measId value that is not part of the current UE configuration.

[bookmark: _Toc470095279]5.5.2.3	Measurement identity addition/ modification
Network applies the procedure as follows:
-	configure a measId only if the corresponding measurement object, the corresponding reporting configuration and the corresponding quantity configuration, are configured;
The UE shall:
1>	for each measId included in the received measIdToAddModList:
2>	if an entry with the matching measId exists in the measIdList within the VarMeasConfig:
3>	replace the entry with the value received for this measId;
2>	else:
3>	add a new entry for this measId within the VarMeasConfig;
2>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
2>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;

[bookmark: _Toc470095280][bookmark: OLE_LINK30][bookmark: OLE_LINK31]5.5.2.4	Measurement object removal
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The UE shall:
1>	for each measObjectId included in the received measObjectToRemoveList that is part of measObjectList in VarMeasConfig:
2>	remove the entry with the matching measObjectId from the measObjectList within the VarMeasConfig;
2>	remove all measId associated with this measObjectId from the measIdList within the VarMeasConfig, if any;
2>	if a measId is removed from the measIdList:
3>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
3>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;
NOTE:	The UE does not consider the message as erroneous if the measObjectToRemoveList includes any measObjectId value that is not part of the current UE configuration.

[bookmark: _Toc470095281]5.5.2.5	Measurement object addition/ modification
The UE shall:
1>	for each measObjectId included in the received measObjectToAddModList:
2>	if an entry with the matching measObjectId exists in the measObjectList within the VarMeasConfig, for this entry:
3>	reconfigure the entry with the value received for this measObject, except for the fields blackCellsToAddModList, whiteCellsToAddModList, blackCellsToRemoveList, whiteCellsToRemoveList;
FFS Exceptions for other fields e.g. cells to add/remove from current cell list, measurement configuration for NR-SS and/or CSI-RS.
3>	if the received measObject includes the blackCellsToRemoveList:
4>	for each cellIndex included in the blackCellsToRemoveList:
5>	remove the entry with the matching cellIndex from the blackCellsToAddModList;
3>	if the received measObject includes the blackCellsToAddModList:
4>	for each cellIndex included in the blackCellsToAddModList:
5>	if an entry with the matching cellIndex is included in the blackCellsToAddModList:
6>	replace the entry with the value received for this cellIndex;
5>	else:
6>	add a new entry for the received cellIndex to the blackCellsToAddModList;
3>	if the received measObject includes the whiteCellsToRemoveList:
4>	for each cellIndex included in the whiteCellsToRemoveList:
5>	remove the entry with the matching cellIndex from the whiteCellsToAddModList;
3>	if the received measObject includes the whiteCellsToAddModList:
4>	for each cellIndex included in the whiteCellsToAddModList:
5>	if an entry with the matching cellIndex is included in the whiteCellsToAddModList:
6>	replace the entry with the value received for this cellIndex;
5>	else:
6>	add a new entry for the received cellIndex to the whiteCellsToAddModList;
3>	for each measId associated with this measObjectId in the measIdList within the VarMeasConfig, if any:
4>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
4>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;
2>	else:
3>	add a new entry for the received measObject to the measObjectList within VarMeasConfig;
FFS How cell indexes are encoded e.g. cell index range.

[bookmark: _Toc470095282]5.5.2.6	Reporting configuration removal
The UE shall:
1>	for each reportConfigId included in the received reportConfigToRemoveList that is part of the current UE configuration in VarMeasConfig:
2>	remove the entry with the matching reportConfigId from the reportConfigList within the VarMeasConfig;
2>	remove all measId associated with the reportConfigId from the measIdList within the VarMeasConfig, if any;
2>	if a measId is removed from the measIdList:
3>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
[bookmark: _Hlk484103589]3>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;
NOTE:	The UE does not consider the message as erroneous if the reportConfigToRemoveList includes any reportConfigId value that is not part of the current UE configuration.

[bookmark: _Toc470095283]5.5.2.7	Reporting configuration addition/ modification
The UE shall:
1>	for each reportConfigId included in the received reportConfigToAddModList:
2>	if an entry with the matching reportConfigId exists in the reportConfigList within the VarMeasConfig, for this entry:
3>	reconfigure the entry with the value received for this reportConfig;
3>	for each measId associated with this reportConfigId included in the measIdList within the VarMeasConfig, if any:
4>	remove the measurement reporting entry for this measId from in VarMeasReportList, if included;
4>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;
2>	else:
3>	add a new entry for the received reportConfig to the reportConfigList within the VarMeasConfig;

[bookmark: _Toc470095284]5.5.2.8	Quantity configuration
The UE shall:
1>	for each RAT for which the received quantityConfig includes parameter(s):
2>	set the corresponding parameter(s) in quantityConfig within VarMeasConfig to the value of the received quantityConfig parameter(s);
1>	for each measId included in the measIdList within VarMeasConfig:
2>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
[bookmark: _Toc470095285]2>	stop the periodical reporting timer and reset the associated information (e.g. timeToTrigger) for this measId;
5.5.2.9	Measurement gap configuration
FFS How measurement gaps are configured.
[bookmark: _Toc470095288]5.5.3	Performing measurements
[bookmark: _Toc470095289]5.5.3.1	General
[bookmark: _Hlk484626193]An RRC_CONNECTED UE shall derive the cell quality measurement results by measuring one or multiple beams associated per cell as configured by the network.  (exact filtering for beam measurements for cell quality derivation purpose is implementation dependent). For all cell level measurement results in RRC_CONNECTED the UE applies the layer 3 filtering as specified in 5.5.3.2, before using the measured results for evaluation of reporting criteria and measurement reporting. 
The network can also configure the UE to report beam level measurement informations (which can either be measurement results or beam identifier(s)). If beam level measurement reporting information is configured to be included in measurement reports, the UE applies the layer 3 beam filtering as specified in 5.5.3.2. On the other hand, the exact layer 1 filtering of beam measurements used to derive cell measurement results is implementation dependent.
FFS Which quality metrics are supported in NR e.g. equivalent to RSRQ and/or SINR in E-UTRA.
The UE shall:
1>	whenever the UE has a measConfig, perform RSRP and RSRQ measurements for each serving cell as follows:
2>	If at least one measId included in the measIdList within VarMeasConfig contains an RSType set to csi-rs:
3>	derive a cell quality measurement results should be derived based on CSI-RS;
2>	If at least one measId included in the measIdList within VarMeasConfig contains an RSType set to ss:
3>	a derive cell quality measurement results should be derived based on NR-SS;
2>	if maxBeamsCellQuality in the associated measObject is not configured:
; or
2>	if maxBeamsCellQuality in the corresponding measObject is set to 1:
[bookmark: _Hlk489943140]3>	derive cell quality measurement results should be the quality of the by measuring the detected best beam beams associated to the cell and selecting the one with the highest measurement result;
2>	if else: maxBeamsCellQuality in the corresponding measObject is set to a value higher than 1:
3>	cell quality should be derived by averaging the quality of the best beam associated to the cell with the qualities of up to maxBeamsCellQuality minus 1 beams above absoluteThresholdCellQuality as specified in the corresponding measObject;
3> derive cell measurement results by measuring the detected beams associated to the cell and, after L1 filtering, averaging the beam with the highest measurement result with the beams whose measurement result is above absoluteThresholdCellQuality where the total number of averaged beams shall be up to maxBeamsCellQuality as specified in the corresponding measObject;
1>	if the UE has a measConfig with rs-sinr-Config configured, perform RS-SINR (as indicated in the associated reportConfig) measurements as follows:
2>	If at least one measId included in the measIdList within VarMeasConfig contains an RSType set to csi-rs:
3>	derive cell measurement results based on CSI-RS;
2>	If at least one measId included in the measIdList within VarMeasConfig contains an RSType set to ss:
3>	derive cell measurement results based on NR-SS;
2>	if maxBeamsCellQuality in the associated measObject is not configured:
3>	derive cell measurement results by measuring the detected beams associated to the cell and selecting the one with the highest measurement result;
2>	else: 
3> derive cell measurement results by measuring the detected beams associated to the cell and, after L1 filtering, averaging the beam with the highest measurement result with the beams whose measurement result is above absoluteThresholdCellQuality where the total number of averaged beams shall be up to maxBeamsCellQuality as specified in the corresponding measObject;
1>	for each measId included in the measIdList within VarMeasConfig:
[bookmark: _Hlk488828156]2>	if the purpose for the associated reportConfig is not set to reportCGI:
3>	if a measurement gap configuration is setup; or
3>	if the UE does not require measurement gaps to perform the concerned measurements:
4>	if s-Measure is not configured; or
4>	if s-Measure is configured and the PCell RSRP, after layer 3 filtering, is lower than this value:
5>	perform the corresponding measurements of neighbouring cells on the frequencies and RATs indicated in the concerned measObject.
5>	if beamReportQuantity is included in the associated reportConfig, perform the corresponding beam measurements associated to neighbouring cells on the frequencies indicated in the concerned measObject;
3>	if the RSType for the associated reportConfig is set to csi-rs:
4>	derive cell quality measurement results should be derived based on CSI-RS;
3>	if the RSType for the associated reportConfig is set to ss:
4>	derive cell quality measurement results should be derived based on NR-SS;
3>	if maxBeamsCellQuality in the associated measObject is not configured:; or
3>	if maxBeamsCellQuality in the corresponding measObject is set to 1:
4> derive cell measurement results by measuring the detected beams associated to the cell and selecting the one with the highest measurement result;
4>	cell quality should be the quality of the best beam associated to the cell;
3>	if maxBeamsCellQuality in the corresponding measObject is set to a value higher than 1configured:
4>	derive cell measurement results by measuring the detected beams associated to the cell and, after L1 filtering, averaging the beam with the highest measurement result with the beams whose measurement result is above absoluteThresholdCellQuality where the total number of averaged beams shall be up to maxBeamsCellQuality as specified in the corresponding measObject;
cell quality should be derived by averaging the best beam quality associated to the cell with the up to maxBeamsCellQuality minus 1 best beam qualities above absoluteThresholdCellQuality as specified in the corresponding measObject;
2>	perform the evaluation of reporting criteria as specified in 5.5.4;
FFS Whether L3 filtered beam measurements of neighbour cells for reporting are immediately triggered by s-Measure.
5.5.3.2	Layer 3 filtering
The UE shall:
1>	for each cell level measurement quantity that the UE performs measurements according to 5.5.3.1 or;
1>	for each beam level measurement quantity , if configured to be included in measurement reports, that the UE performs measurements according to 5.5.3.1:
2>	filter the measured result, before using for evaluation of reporting criteria or for measurement reporting, by the following formula:
	[image: ]
where
Mn is the latest received measurement result from the physical layer;
Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;
Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and
a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by the quantityConfig;
2>	adapt the filter such that the time characteristics of the filter are preserved at different input rates, observing that the filterCoefficient k assumes a sample rate equal to X ms;
FFS Exact value of X.
NOTE 2:	If k is set to 0, no layer 3 filtering is applicable.
NOTE 3:	The filtering is performed in the same domain as used for evaluation of reporting criteria or for measurement reporting, i.e., logarithmic filtering for logarithmic measurements.
FFS Whether cell measurement filtering and beam measurement filtering based on SS block/CSI-RS any fundamental differences (so a new section can be created for that).
FFS Whether the same or different filter coefficients are applicable for cell level and beam level measurements. 

[bookmark: _Toc470095291]5.5.4	Measurement report triggering
[bookmark: _Toc470095292]5.5.4.1	General
The UE shall:
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the corresponding reportConfig does not include a purpose set to reportCGI:
3>	if the corresponding measObject concerns NR:
[bookmark: _Hlk488307832]4>	if the eventA1 or eventA2 is configured in the corresponding reportConfig:
5>	consider only the serving cell to be applicable;
4>	else:
5>	if useWhiteCellList is set to TRUE:
6>	consider any neighbouring cell detected on the associated frequency to be applicable when the concerned cell is included in the whiteCellsToAddModList defined within the VarMeasConfig for this measId;
5>	else:
6>	consider any neighbouring cell detected on the associated frequency to be applicable when the concerned cell is not included in the blackCellsToAddModList defined within the VarMeasConfig for this measId;
5>	for events involving a serving cell on one frequency and neighbours on another frequency, consider the serving cell on the other frequency as a neighbouring cell;
2>	if the triggerType is set to event and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig, while the VarMeasReportList does not include an measurement reporting entry for this measId (a first cell triggers the event):
3>	include a measurement reporting entry within the VarMeasReportList for this measId;
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	initiate the measurement reporting procedure, as specified in 5.5.5;
2>	if the triggerType is set to event and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells not included in the cellsTriggeredList for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig (a subsequent cell triggers the event):
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	initiate the measurement reporting procedure, as specified in 5.5.5;
2>	if the triggerType is set to event and if the leaving condition applicable for this event is fulfilled for one or more of the cells included in the cellsTriggeredList defined within the VarMeasReportList for this measId for all measurements after layer 3 filtering taken during timeToTrigger defined within the VarMeasConfig for this event:
3>	remove the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	if reportOnLeave is set to TRUE for the corresponding reporting configuration or if a6-ReportOnLeave is set to TRUE for the corresponding reporting configuration:
4>	initiate the measurement reporting procedure, as specified in 5.5.5;
3>	if the cellsTriggeredList defined within the VarMeasReportList for this measId is empty:
4>	remove the measurement reporting entry within the VarMeasReportList for this measId;
4>	stop the periodical reporting timer for this measId, if running;
2>	upon expiry of the periodical reporting timer for this measId:
3>	initiate the measurement reporting procedure, as specified in 5.5.5;
FFS Whether the white cell list procedure need changes if whiteCellsToAddModList is part of the reportConfig.

[bookmark: _Toc478015352]5.5.4.2	Event A1 (Serving becomes better than threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition A1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition A1-2, as specified below, is fulfilled;
1>	for this measurement, consider the primary or secondary cell that is configured on the frequency indicated in the associated measObjectNR to be the serving cell;
Inequality A1-1 (Entering condition)


Inequality A1-2 (Leaving condition)


The variables in the formula are defined as follows:
Ms is the measurement result of the serving cell, not taking into account any offsets.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event).
Thresh is the threshold parameter for this event (i.e. a1-Threshold as defined within reportConfigNR for this event).
Ms is expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR.
Hys is expressed in dB.
Thresh is expressed in the same unit as Ms.
[bookmark: _Toc478015353]5.5.4.3	Event A2 (Serving becomes worse than threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition A2-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition A2-2, as specified below, is fulfilled;
1>	for this measurement, consider the primary or secondary cell that is configured on the frequency indicated in the associated measObjectNR to be the serving cell;
Inequality A2-1 (Entering condition)


Inequality A2-2 (Leaving condition)


The variables in the formula are defined as follows:
Ms is the measurement result of the serving cell, not taking into account any offsets.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event).
Thresh is the threshold parameter for this event (i.e. a2-Threshold as defined within reportConfigNR for this event).
Ms is expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR.
Hys is expressed in dB.
Thresh is expressed in the same unit as Ms.
[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: _Toc478015354]5.5.4.4	Event A3 (Neighbour becomes offset better than PCell/ PSCell)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition A3-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition A3-2, as specified below, is fulfilled;
1>	if usePSCell of the corresponding reportConfig is set to true:
2>	use the PSCell for Mp, Ofp and Ocp;
1>	else:
2>	use the PCell for Mp, Ofp and Ocp;
NOTE	The cell(s) that triggers the event is on the frequency indicated in the associated measObject which may be different from the frequency used by the PCell/ PSCell.
Inequality A3-1 (Entering condition)


Inequality A3-2 (Leaving condition)


The variables in the formula are defined as follows:
Mn is the measurement result of the neighbouring cell, not taking into account any offsets. 
Ofn is the frequency specific offset of the frequency of the neighbour cell (i.e. offsetFreq as defined within measObjectNR corresponding to the frequency of the neighbour cell).
Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Mp is the measurement result of the PCell/ PSCell, not taking into account any offsets.
Ofp is the frequency specific offset of the frequency of the PCell/ PSCell (i.e. offsetFreq as defined within measObjectNR corresponding to the frequency of the PCell/ PSCell).
Ocp is the cell specific offset of the PCell/ PSCell (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the frequency of the PCell/ PSCell), and is set to zero if not configured for the PCell/ PSCell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event).
Off is the offset parameter for this event (i.e. a3-Offset as defined within reportConfigNR for this event).
Mn, Mp are expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR.
Ofn, Ocn, Ofp, Ocp, Hys, Off are expressed in dB.

[bookmark: _Toc478015355]5.5.4.5	Event A4 (Neighbour becomes better than threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition A4-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition A4-2, as specified below, is fulfilled;
Inequality A4-1 (Entering condition)


Inequality A4-2 (Leaving condition)


The variables in the formula are defined as follows:
Mn is the measurement result of the neighbouring cell, not taking into account any offsets.
Ofn is the frequency specific offset of the frequency of the neighbour cell (i.e. offsetFreq as defined within measObjectNR corresponding to the frequency of the neighbour cell).
Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event).
Thresh is the threshold parameter for this event (i.e. a4-Threshold as defined within reportConfigNR for this event).
Mn is expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR.
Ofn, Ocn, Hys are expressed in dB.
Thresh is expressed in the same unit as Mn.
[bookmark: _Toc478015356]5.5.4.6	Event A5 (PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2)
The UE shall:
1>	consider the entering condition for this event to be satisfied when both condition A5-1 and condition A5-2, as specified below, are fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition A5-3 or condition A5-4, i.e. at least one of the two, as specified below, is fulfilled;
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]1>	if usePSCell of the corresponding reportConfig is set to true:
2>	use the PSCell for Mp;
1>	else:
2>	use the PCell for Mp;
NOTE:	The cell(s) that triggers the event is on the frequency indicated in the associated measObject which may be different from the frequency used by the PCell/ PSCell.
Inequality A5-1 (Entering condition 1)


Inequality A5-2 (Entering condition 2)


Inequality A5-3 (Leaving condition 1)


Inequality A5-4 (Leaving condition 2)


The variables in the formula are defined as follows:
Mp is the measurement result of the PCell/ PSCell, not taking into account any offsets.
Mn is the measurement result of the neighbouring cell, not taking into account any offsets.
Ofn is the frequency specific offset of the frequency of the neighbour cell (i.e. offsetFreq as defined within measObjectNR corresponding to the frequency of the neighbour cell).
Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event).
Thresh1 is the threshold parameter for this event (i.e. a5-Threshold1 as defined within reportConfigNR for this event).
Thresh2 is the threshold parameter for this event (i.e. a5-Threshold2 as defined within reportConfigNR for this event).
Mn, Mp are expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR.
Ofn, Ocn, Hys are expressed in dB.
Thresh1 is expressed in the same unit as Mp.
Thresh2 is expressed in the same unit as Mn.
[bookmark: _Hlk488307231]5.5.4.6a	Event A6 (Neighbour becomes offset better than SCell)
FFS Details of A1-A6 event definition.
FFS Support of inter-RAT events.
FFS Support of C1-C2 events.
FFS Whether the UE shall only initiate measurement report procedure after successful security activation.
[bookmark: _Toc470095306]5.5.5	Measurement reporting
[bookmark: _MON_1292674550][bookmark: _MON_1298325901][bookmark: _MON_1291619964][bookmark: _MON_1292674852][bookmark: _MON_1291619882][bookmark: _MON_1292674412][bookmark: _MON_1291620037][image: ]
[image: ]
Figure 5.5.5-1: Measurement reporting
The purpose of this procedure is to transfer measurement results from the UE to the network.
FFS Whether the UE shall only initiate measurement reporting 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;
[bookmark: _Hlk488838914]1>	set the measResultPCell to include the quantities of the PCell;
1>	set the measResultServFreqList to include for each SCell that is configured, if any, within measResultSCell the quantities of the concerned SCell, if available according to performance requirements in TS 38.13301;
FFS Whether reportAddNeighMeas is supported in Rel-15.
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;
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;
3>	for each cell that is included in the measResultNeighCells, include the physCellId;
[bookmark: _Hlk489862669]3>	if the triggerType is set to event; 
4>	for each included cell, include the layer 3 filtered measured results in accordance with the reportConfig for this measId, ordered as follows:
5>	if the measObject associated with this measId concerns NR:
6>	set the measResult to include the quantity(ies) indicated in the reportQuantity within the concerned reportConfig in order of decreasing triggerQuantity, i.e. the best cell is included first;
6>	if the beamReportQuantity associated to a measId is configured, set the measResult to include the available beam level information up to maxReportBeams based on layer 3 filtered measured results in accordance with the reportConfig for this measId;
1>	increment the numberOfReportsSent as defined within the VarMeasReportList for this measId by 1;
1>	stop the periodical reporting timer, if running;
1>	if the numberOfReportsSent as defined within the VarMeasReportList for this measId is less than the reportAmount as defined within the corresponding reportConfig for this measId:
2>	start the periodical reporting timer with the value of reportInterval as defined within the corresponding reportConfig for this measId;
1>	else:
2>	if the triggerType is set to periodical:
3>	remove the entry within the VarMeasReportList for this measId;
3>	remove this measId from the measIdList within VarMeasConfig;
1>	submit the MeasurementReport message to lower layers for transmission, upon which the procedure ends;
FFS Whether beam level reporting is supported for serving cells.

[bookmark: _Toc470095307]5.5.6	Measurement related actions
***************************** End of the text proposal ***********************************************
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