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5.5
Measurements

5.5.1
Introduction

The network may configure an RRC_CONNECTED UE to perform measurements and report them in accordance with the measurement configuration. The measurement configuration is provided by means of dedicated signalling i.e. using the RRCReconfiguration.

The network may configure the UE to perform the following types of measurements:

-
NR measurements;

-
Inter-RAT measurements of E-UTRA frequencies.

The network may configure the UE to report the following measurement information based on SS/PBCH block(s):

-
Measurement results per SS/PBCH block;

-
Measurement results per cell based on SS/PBCH block(s);

-
SS/PBCH block(s) indexes.

The network may configure the UE to report the following measurement information based on CSI-RS resources:

-
Measurement results per CSI-RS resource;

-
Measurement results per cell based on CSI-RS resource(s);

-
CSI-RS resource measurement identifiers.

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 NR carrier frequency, the network may configure a list of cell specific offsets, 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.

- 
The UE determines which MO corresponds to each serving cell frequency from the frequencyInfoDL in ServingCellConfigCommon within the serving cell configuration and from parameters in the MO.

-
For inter-RAT E-UTRA measurements a measurement object is a single EUTRA carrier frequency. Associated with this E-UTRA carrier frequency, the network can configure a list of cell specific offsets, 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.

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. This can either be periodical or a single event description;.

-
RS type: The RS that the UE uses for beam and cell measurement results (SS/PBCH block or CSI-RS).

-
Reporting format: The quantities per cell and per beam that the UE includes in the measurement report (e.g. RSRP) and other associated information such as the maximum number of cells and the maximum number beams per cell to report.

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: The quantity configuration defines the measurement filtering configuration used for all event evaluation and related reporting of that measurement type. For NR measurements, the network may configure up to 2 quantity configurations with a reference in the NR measurement object to the configuration that is to be used. In each configuration, different filter coefficients can be configured for different measurement quantities, for different RS types, and for measurements per cell and per beam.

5.
Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled.

A UE in RRC_CONNECTED maintains a measurement object list, a reporting configuration list, and a measurement identities list according to signalling and procedures in this specification. The measurement object list possibly includes NR intra-frequency object(s), 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 NR serving cell(s) - these are the SpCell and one or more SCells.

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.

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.

5.5.3
Performing measurements

5.5.3.1
General

An RRC_CONNECTED UE shall derive cell measurement results by measuring one or multiple beams associated per cell as configured by the network, as described in 5.5.3.3. For all cell 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. For cell measurements, the network can configure RSRP, RSRQ or SINR as trigger quantity. Reporting quantities can be the same as trigger quantity or combinations of quantities (i.e. RSRP and RSRQ; RSRP and SINR; RSRQ and SINR; RSRP, RSRQ and SINR).

The network may also configure the UE to report measurement information per beam (which can either be measurement results per beam with respective beam identifier(s) or only beam identifier(s)), derived as described in 5.5.3.3a. If beam measurement 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.

The UE shall:

1>
consider each serving cell to be associated with the configured MeasObjectNR for which:

2>
isServingCellMO is set to TRUE; and
3>
refFreqCSI-RS is equal to absoluteFrequencyPointA in FrequencyDL for the serving cell; or

3> refFreqCSI-RS is not configured and ssbFrequency is equal to absoluteFrequencySSB in FrequencyInfoDL for the serving cell;
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 ssb:

3>
if at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRsIndexes and maxNrofRSIndexesToReport:

4>
derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;

3>
derive serving cell measurement results based on SS/PBCH block, as described in 5.5.3.3;

2>
if at least one measId included in the measIdList within VarMeasConfig contains an rsType set to csi-rs:

3>
if at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRsIndexes and maxNrofRSIndexesToReport:

4>
derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;

3>
derive serving cell measurement results based on CSI-RS, as described in 5.5.3.3;

1>
if at least one measId included in the measIdList within VarMeasConfig contains SINR as trigger quantity and/or reporting quantity:

2>
if the associated reportConfig contains rsType set to ssb:

3>
if the measId contains a reportQuantityRsIndexes and maxNrofRSIndexesToReport:

4>
derive layer 3 filtered SINR per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;

3>
derive serving cell SINR based on SS/PBCH block, as described in 5.5.3.3;

2>
if the associated reportConfig contains rsType set to csi-rs:

3>
if the measId contains a reportQuantityRsIndexes and maxNrofRSIndexesToReport:

4>
derive layer 3 filtered SINR per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;

3>
derive serving cell SINR based on CSI-RS, as described in 5.5.3.3;

1>
for each measId included in the measIdList within VarMeasConfig:

2>
if the reportType for the associated reportConfig is periodical or eventTriggered:

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-MeasureConfig is not configured, or

4>
if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP,or

4>
if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP:

5>
if the measObject is associated to NR and the rsType is set to csi-rs:

6>
if reportQuantityRsIndexes and maxNrofRSIndexesToReport for the associated reportConfig are configured:

7>
derive layer 3 filtered beam measurements only based on CSI-RS for each measurement quantity indicated in reportQuantityRsIndexes, as described in 5.5.3.3a;

6>
derive cell measurement results based on CSI-RS for each trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;

5>
if the measObject is associated to NR and the rsType is set to ssb:

6>
if reportQuantityRsIndexes and maxNrofRSIndexesToReport for the associated reportConfig are configured:

7>
derive layer 3 beam measurements only based on SS/PBCH block for each measurement quantity indicated in reportQuantityRsIndexes, as described in 5.5.3.3a;

6>
derive cell measurement results based on SS/PBCH block for each trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;

5>
if the measObject is associated to E-UTRA:

6>
perform the corresponding measurements associated to neighbouring cells on the frequencies indicated in the concerned measObject;

2>
perform the evaluation of reporting criteria as specified in 5.5.4.

