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1	Introduction
In 3GPP NR Work Item conducted in 2017, RAN2 has adopted a measurement model which takes into account beam level measurements and allows to derive cell level result. The details can be found in [1]. This paper is aimed at analysing the performance of such approach and suggests related enhancements.
2	Discussion and analysis
As briefly pointed out in the introduction, physical layer measurements are L1 filtered and then consolidated for obtaining the cell level measurement result (in compliance with RRC-configurable parameters). UE derives cell level quality as a linear average of the power values of the highest L1 beam measurements. This procedure is shown in Fig. 1.



[bookmark: _Ref503188645]Fig. 1: Measurement Model [1].
It can be easily noticed from Fig. 1 that a lower branch of the model is used solely when beam results are to be reported by the UE (as a result of network configuration). It implies that L3 filtering is applied on individual beams only if configured (details of the L3 filtering can be found in [2]). Simply saying, beam consolidation/selection (i.e. upper branch in Fig. 1) is done purely based on L1-filtered beam results, which may be insufficiently filtered. This could be a serious issue, especially that those cell-level results are used for sensitive decisions, such as inter-cell HO triggering. 

2.1	Bias between L3 beam and L3 cell results
In our study, we have verified a scenario, wherein the UE had 8 available L1 beam measurements. Among them, three (shown in black, red and gray) were significantly stronger than the remainder (see the Fig. 2a). The green dashed curve shows the L1 cell quality measurement (i.e. the equivalent of Point B in Fig. 1), which is derived always from the instantaneously best L1 filtered beam. 
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a) L1 measurements of the beams and cell.
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b) L3 measurements of the beams and cell.
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                 c) Difference between L3 cell measurement and the strongest L3 beam measurement at each time instant.
Fig. 2: UE has three strong beams (out of 8 measured) with similar measurement results.
It is worth noting how large can be a difference between the L3 cell measurement result and instantaneously strongest of all L3 filtered beams (as shown in Fig. 2c), when there are multiple strong beams. It is not straightforward to decide which beam is in fact the most suitable for selection at each time instant, based on inaccurate L1 filtering. As a result, bias (visible in Fig. 2c) may occur and this, in turn, can lead to inter-cell handover issues. Please consider the following scenario:
· UE detects one strong beam from the source cell and multiple strong beams with similar power from the target cell.
· Target cell would appear stronger than it is in reality.
· This may lead to a “too early HO” as the UE attempts accessing an unstable target cell.
The opposite situation may also occur:
· UE detects multiple strong beams with similar power from the source cell and one strong beam from the target cell.
· Source cell would appear stronger than it is in reality.
· This may lead to a “too late HO” as the UE will attempt accessing the target cell too late, likely leading to a failure.

Observation 1: [bookmark: _Ref503266508]The difference between cell level quality (derived from a single/strongest beam) and the instantaneously strongest L3-filtered beam can be dangerously large, negatively impacting e.g. HO decisions.
The following section of this paper provides a suggestion how this discovered deficiency can be mitigated. 
3	Potential enhancements
3.1	Measurement model modification
The decision which beams ultimately to choose for cell level quality derivation shall not be based just on L1 filtered beams which, as shown in Fig. 2, may lead to instability and discrepancies between the cell level result and the actual beam power level result. Thus, we suggest modifying the current measurement model by changing the beam selection process. An external information can be fed to “Beam Consolidation/Selection” module, as depicted in Fig. 3. UE derives cell measurement quality as the linear average of the power values of L1 beam measurements, but those corresponding to the highest L3 filtered beam measurements (feedback marked with blue lines in Fig. 3). The same threshold for choosing “relevant beams” and the same parameter N (both RRC-configurable) can be used. 
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[bookmark: _Ref503193907]Fig. 3: The external information from L3 beam filtering is fed to Beam Consolidation/Selection to support cell quality derivation.

3.2	Performance improvement
The same scenario as described in subsection 2.1 has been verified with the enhanced measurement model. UE had 8 L1 beam measurements available, among which three were significantly stronger (i.e. “relevant”) than the other beams, see Fig. 4a. In this case, the UE has used external information obtained from L3 filtered beam measurements (filtered with a time constant of 50 ms) to choose L1 beams used for deriving the cell quality. As can be observed from Fig. 4c, the performance has vastly improved as the gap between L3 cell measurement and the instantaneously best L3 beam measurement has been substantially diminished.
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a) L1 measurements of the beams and cell.
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b) L3 measurements of the beams and cell.
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                 c) Difference between L3 cell measurement and the strongest L3 beam measurement at each time instant.
[bookmark: _Ref503195074]Fig. 4: L3 filtered beams feedback to support the proper choice of L1 beams to derive cell level quality.

Observation 2: [bookmark: _Ref503266531]Modified measurement model can significantly decrease the bias between cell level quality and instantaneously strongest L3-filtered beam (as depicted in Fig. 4c).
Based on the above evaluation and observations, we propose:
Proposal 1: Modify the existing Measurement Model by introducing the external information fed back to the Beam Consolidation/Selection entity.
[bookmark: _Ref503266566]Proposal 2: RAN2 is asked to adopt the Text Proposals to TS 38.331 and TS 38.300, available below.

4	Conclusions
This paper discussed the potential enhancements to NR’s Measurement Model that introduce more stability into cell level results obtained based on beam-level measurements. As a result, the following observations and proposals have been made:
Observation 1: The difference between cell level quality (derived from a single/strongest beam) and the instantaneously strongest L3-filtered beam can be dangerously large, negatively impacting e.g. HO decisions.
Observation 2: Modified measurement model can significantly decrease the bias between cell level quality and instantaneously strongest L3-filtered beam (as depicted in Fig. 4c).
Proposal 1: Modify the existing Measurement Model by introducing the external information fed back to the Beam Consolidation/Selection entity.
Proposal 2: RAN2 is asked to adopt the Text Proposals to TS 38.331 and TS 38.300, available below.
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Text Proposal to TS 38.300
[bookmark: _Toc510394462]9.2.4	Measurements
In RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB.
The corresponding high-level measurement model is described below:



Figure 9.2.4-1: Measurement Model
NOTE:	K beams correspond to the measurements on NR-SS block or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.
-	A: measurements (beam specific samples) internal to the physical layer.
-	Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) in not constrained by the standard.
-	A1: measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.
-	Beam Consolidation/Selection: beam specific measurements are consolidated to derive cell quality. The behaviour of the Beam consolidation/selection is standardised and the configuration of this module is provided by RRC signalling. The selection of beams can be determined by Beam feedback information from the L3 Beam filtering block. Reporting period at B equals one measurement period at A1.
-	B: a measurement (i.e. cell quality) derived from beam-specific measurements reported to layer 3 after beam consolidation/selection.
-	Layer 3 filtering for cell quality: filtering performed on the measurements provided at point B. The behaviour of the Layer 3 filters is standardised and the configuration of the layer 3 filters is provided by RRC signalling. Filtering reporting period at C equals one measurement period at B.
-	C: a measurement after processing in the layer 3 filter. The reporting rate is identical to the reporting rate at point B. This measurement is used as input for one or more evaluation of reporting criteria.
-	Evaluation of reporting criteria: checks whether actual measurement reporting is necessary at point D. The evaluation can be based on more than one flow of measurements at reference point C e.g. to compare between different measurements. This is illustrated by input C and C1. The UE shall evaluate the reporting criteria at least every time a new measurement result is reported at point C, C1. The reporting criteria are standardised and the configuration is provided by RRC signalling (UE measurements).
-	D: measurement report information (message) sent on the radio interface.
-	L3 Beam filtering: filtering performed on the measurements (i.e. beam specific measurements) provided at point A1. The behaviour of the beam filters is standardised and the configuration of the beam filters is provided by RRC signalling. The information on the K L3 filtered beams can be fed back to Beam Consolidation/Selection entity to support the selection of beams for deriving the Cell quality. Filtering reporting period at E equals one measurement period at A1.
-	E: a measurement (i.e. beam-specific measurement) after processing in the beam filter. The reporting rate is identical to the reporting rate at point A1. This measurement is used as input for selecting the X measurements to be reported.
-	Beam Selection for beam reporting: selects the X measurements from the measurements provided at point E. The behaviour of the beam selection is standardised and the configuration of this module is provided by RRC signalling.
-	F: beam measurement information included in measurement report (sent) on the radio interface.
Layer 1 filtering introduces a certain level of measurement averaging. How and when the UE exactly performs the required measurements is implementation specific to the point that the output at B fulfils the performance requirements set in 3GPP TS 38.133 [13]. Layer 3 filtering for cell quality and related parameters used are specified in 3GPP TS 38.331 [12] and do not introduce any delay in the sample availability between B and C. Measurement at point C, C1 is the input used in the event evaluation. L3 Beam filtering and related parameters used are specified in 3GPP TS 38.331 [12] and do not introduce any delay in the sample availability between E and F.
Measurement reports are characterized by the following:
-	Measurement reports include the measurement identity of the associated measurement configuration that triggered the reporting;
-	Cell and beam measurement quantities to be included in measurement reports are configured by the network;
-	The number of non-serving cells to be reported can be limited through configuration by the network;
-	Cells belonging to a blacklist configured by the network are not used in event evaluation and reporting, and conversely when a whitelist is configured by the network, only the cells belonging to the whitelist are used in event evaluation and reporting;
-	Beam measurements to be included in measurement reports are configured by the network (beam identifier only, measurement result and beam identifier, or no beam reporting).
Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:
-	SSB based intra-frequency measurement: a measurement is defined as an 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 cell are the same, and the subcarrier spacing of the two SSBs is also the same.
-	SSB based inter-frequency measurement: a measurement is defined as an SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs is different.
-	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 on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is 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 on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.
Whether a measurement is non-gap-assisted or gap-assisted depends on the capability of the UE, the active BWP of the UE and the current operating frequency. In non-gap-assisted scenarios, the UE shall be able to carry out such measurements without measurement gaps. In gap-assisted scenarios, the UE cannot be assumed to be able to carry out such measurements without measurement gaps.


Text Proposal to TS 38.331
[bookmark: _Toc502572209]5.5.3.3	Derivation of measurement results
The network may configure the UE to perform RSRP, RSRQ and SINR measurement results per cell associated to NR carrier frequencies based on parameters configured in the measObject (e.g. maximum number of beams to be averaged and beam consolidation thresholds) and in the reportConfig (rsType to be measured, SS/PBCH block and CSI-RS).
[bookmark: _Hlk497309319]The UE shall:
1>	for each cell measurement quantity to be derived based on SS/PBCH block;
2>	if nroSS-BlocksToAverage in the associated measObject is not configured; or
2>	if absThreshSS-BlocksConsolidation in the associated measObject is not configured; or
2>	if the highest beam measurement quantity value is below absThreshSS-BlocksConsolidation:
3>	derive each cell measurement quantity based on SS/PBCH block as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [9]; 
2>	else if the feedback from L3 filtered beams is available for selecting beams to average:
3>	derive each cell measurement quantity based on SS/PBCH block as the linear average of the power values of the highest beam measurement quantity values corresponding to the highest L3 filtered beam measurement quantity values above absThreshSS-BlocksConsolidation where the total number of averaged beams shall not exceed nroSS-BlocksToAverage;
2>	else:
3>	derive each cell measurement quantity based on SS/PBCH as the linear average of the power values of the highest beam measurement quantity values above absThreshSS-BlocksConsolidation where the total number of averaged beams shall not exceed nroSS-BlocksToAverage;
1>	for each cell measurement quantity to be derived based on CSI-RS;
2>	consider a CSI-RS resource on the associated frequency to be applicable for deriving RSRP when the concerned CSI-RS resource is included in the csi-rs-ResourceConfig-Mobility with the corresponding cellId and CSI-RS-ResourceId-RRM within the VarMeasConfig for this measId;
2>	if nroCSI-RS-ResourcesToAverage in the associated measObject is not configured;
2>	if absThreshCSI-RS-Consolidation in the associated measObject is not configured; or
2>	if the highest beam measurement quantity value is below absThreshCSI-RS-Consolidation:
3>	derive each cell measurement quantity based on CSI-RS as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [9];
2>	else if the feedback from L3 filtered beams is available for selecting beams to average:
[bookmark: _Hlk500249019]3>	derive each cell measurement quantity based on CSI-RS as the linear average of the power values of the highest beam measurement quantity values corresponding to the highest L3 filtered beam measurement quantity values above absThreshCSI-RS-Consolidation where the total number of averaged beams shall not exceed nroCSI-RS-ResourcesToAverage;
2>	else:
3>	derive each cell measurement quantity based on CSI-RS as the linear average of the power values of the highest beam measurement quantity values above absThreshCSI-RS-Consolidation where the total number of averaged beams shall not exceed nroCSI-RS-ResourcesToAverage;
The network can configure the UE to perform RSRP, RSRQ and SINR measurement results per beam based on parameters configured in the measObject and in the reportConfig. If beam measurement information is configured to the reported, beam measurement should be derived as follows.
The UE shall:
1>	for each layer 3 beam filtered measurement quantity to be derived based on SS/PBCH block;
2>	derive each configured beam measurement quantity based on SS/PBCH block as described in TS 38.215[9], and apply layer 3 beam filtering as described in 5.5.3.2.
1>	for each layer 3 beam filtered measurement quantity to be derived based on CSI-RS;
2>	derive each configured beam measurement quantity based on CSI-RS as described in TS 38.215 [9], and apply layer 3 beam filtering as described in 5.5.3.2.
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