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[bookmark: _Ref178064866]In RAN2#97 meeting, we made the following agreements regarding NR mobility in RRC_CONNECTED mode.
	Agreement regarding cell quality derivation
1 Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)

Agreement regarding measurement reporting
1 Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. Actual beam result may be reported (as in LTE)
FFS whether it will be possible to report 'beam' based on idle RS (RAN1 issue)



RAN2#97bis
	1	The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.
2	The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:
a-	L1 filtering of beam measurements 
FFS Whether there is any additional specified filtering of the beam measurements
b-	Derivation of cell quality from one or more gNB beam quality
c-	L3 filter (RRC configured) of cell quality 
d-	Evaluation reporting criteria (RRC configured)



According to the agreements, the measurement results from multiple beams may need be taken into account for handover decision in RRC_CONNECTED mode. In this contribution, we discuss the possible options of combining multiple measurement results for DL-based mobility procedures in NR systems. The detailed cell quality derivation method is discussed in another contribution [1]. A text proposal for measurement model is provided in the appendix.
[bookmark: OLE_LINK110][bookmark: OLE_LINK109][bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Discussion
While the measurement model in LTE is considered as a baseline in NR, one major difference between NR and LTE is beam-forming, which can be implemented in gNB, UE, or both side. When beam-forming is configured for both gNB and UE, the RSRP/RSRQ is measured per beam pair. However, since RRM measurement is used to support cell-level mobility of the UE, we assume UE finds the best UE beam, and only records gNB beam-specific measurements as the input of measurement model. The output of measurement model should be a single cell quality derived from (filtered) measurement results from multiple beams. In addition, based on RAN2 agreement, the output may include individual beam measurements, if the network configures such reporting.
Proposal 1: 	The output of the RRM measurement model in NR includes cell-specific RSRP or RSRQ (i.e., one value per cell) and optionally, individual beam measurement results.
Multi-beam measurement consolidation
In NR, when measurements are performed on multiple beams, there will be multiple inputs at point A with each input corresponding to the measurement samples of one beam to the physical layer. When measurement results on multiple beams are available, one additional step is introduced in the measurement model, so as to combine multiple beam measurement results and derive a single indicator of cell evaluation is needed. For simplicity, the module is referred to as “measurement consolidation”. 
Between raw measurement results of individual beams to final L3 filtering output, the measurement consolidation module can be inserted at different points in the measurement model. Some options are depicted and explained below.


Figure 2.	Consolidation of multiple measurement results
Consolidation before L3 filtering
In this way, the consolidation is performed after L1 filtering on each beam, which is also handled by PHY. So there will be only one input (at point B) to a single L3 filter, and the output can be used to trigger measurement event as in current LTE. For example, A3 event is triggered if the L3 filtered RSRP (which may implicitly combine the result of multiple beams) of a neighbour cell is offset better than that of the serving cell. Different beams are not visible to RRC.
Consolidation after L3 filtering
In this way, both L1 and L3 filtering are applied on individual beams, and there are multiple L3 filters, which means the different beams will be visible to RRC and beam-specific measurement result at point C is available. The consolidation after L3 filtering transforms raw beam-specific measurement results into cell-specific measurement results, before performing cell evaluation. Since multiple beam-specific measurement results are available, new measurement event triggering criteria based on these can be introduced.
Feasibility of measurement consolidation methods
We have agreed to derive cell quality based on N best beams, and individual beam measurement can be reported. In addition, it is FFS to consider ‘good’ beams. Measurement consolidation is highly related to the method of cell quality derivation, and the feasibility of different consolidation options need to be studied for different cell quality derivation methods. Considering the fact that L1 filtering on each beam is unavoidable to generate the CSI information for beam management, here we ignore Option 1 and study the feasibility of Option 2 and Option 3 (i.e. performing consolidation before and after L3 filter), when methods of cell quality derivation and evaluation are chosen. Some analysis is provided in Table 1.
Table 1.	Cell quality derivation and measurement consolidation
	Cell evaluation
	Preferred Option
	Discussions

	Averaging on N best beams
	Both 
	The input beam IDs may vary in each L3 update, and the filtered result can be interpreted as the long-term signal strength of a cell.

	Beam-level reporting
	After L3 filtering
	If measurement report is to carry beam-level measurements (either SS-block identifier or beam quality), L3 filtering on each beam provides more stable results.

	Beams above a threshold (‘good’ beams)
	After L3 filtering
	The comparison of signal strength against a given threshold can be done either before or after L3 filtering. However, the determination of such ‘good’ beams are more reliable if it is done after L3 filtering on each beam



Based on the above discussions, we have to following proposals:
Proposal 2:	If beam-level measurement is included in measurement report, L3 filtering on individual beams is preferred.
Proposal 3:	A ‘good’ beam should be determined by comparing the L3-filtered measurement of an individual beam to a predefined threshold.
In summary, performing measurement consolidation after L3 filtering preserves relatively long-term signal quality for each beam, and allows more flexible and reliable cell evaluation. However, the complexity is higher. We suggest that RAN2 determine the multi-beam measurement consolidation point (before or after L3 filter), depending on whether L3-filtered beam measurement results is required for cell quality derivation and measurement reporting.
Observation 1:	Consolidating measurement results after L3 filtering allows more flexible and reliable cell evaluation, at the expense of higher complexity.
Proposal 4:	RAN2 to determine the multi-beam measurement consolidation point, depending on whether L3-filtered beam measurement results is required for cell quality derivation and measurement reporting.
Measurement model modification
In LTE specification, the filtering and evaluation of measurement results are described by a measurement model. Based on the choice of consolidation, a functional block representing measurement consolidation should be added to the measurement model of NR. The functional block is responsible for cell quality derivation and optionally, selection of beam-level measurements (e.g., beam quality or SS-block identifier) to be included in measurement report.
Proposal 5:	Measurement consolidation is included in the NR measurement model, and responsible for cell quality derivation and optionally, selection of beam-level measurements to be included in measurement report.
The figure below shows examples of modified measurement model when measurement consolidation is performed before and after L3 filtering, respectively.




Figure 3.	Introducing measurement consolidation to LTE measurement model, before (above) and after (below) L3 filtering.
Conclusion
Based on our analysis, we have the following observation:
Observation 1:	Consolidating measurement results after L3 filtering allows more flexible and reliable cell evaluation, at the expense of higher complexity.
It is proposed to discuss and decide on the following proposals:
Proposal 1: 	The output of the RRM measurement model in NR includes cell-specific RSRP or RSRQ (i.e., one value per cell) and optionally, individual beam measurement results.
Proposal 2:	If beam-level measurement is included in measurement report, L3 filtering on individual beams is preferred.
Proposal 3:	A ‘good’ beam should be determined by comparing the L3-filtered measurement of an individual beam to a predefined threshold.
Proposal 4:	RAN2 to determine the multi-beam measurement consolidation point, depending on whether L3-filtered beam measurement results is required for cell quality derivation and measurement reporting.
Proposal 5:	Measurement consolidation is included in the NR measurement model, and responsible for cell quality derivation and optionally, selection of beam-level measurements to be included in measurement report.
Reference
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Appendix: Text Proposal
Assuming that measurement consolidation is performed after layer 3 filtering, a text proposal for measurement model (modified from TS 36.300) is provided below.
[bookmark: _Toc478012008]10.6		Measurement Model


Figure 10.6-1: Measurement model
-	A: measurements (samples) internal to the physical layer.
-	Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Layer 1 filtering applies to signal quality corresponding to gNB beams detected by the UE. Exact filtering is implementation dependant. 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.
-	B: A measurement reported by layer 1 to layer 3 after layer 1 filtering.
-	Layer 3 filtering: Filtering performed on the measurements provided at point B. Layer 3 filtering applies to measurements corresponding to gNB beams detected by the UE. The behaviour of the Layer 3 filters are 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 Mmeasurements 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.
-	Measurement model: Derivation of cell quality from the measurements at C* by averaging the measurements on considered gNB beams, and optionally, selection of beam-level measurements (e.g., beam quality or SS-block identifier) to be included in measurement report.
-	C: A cell quality derived by measurement consolidation, and optionally, selected beam-level measurements to be included in measurement report.
-	Evaluation of reporting criteria: This 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 C'. The UE shall evaluate the reporting criteria at least every time a new measurement result is reported at point C, C'. 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.
Layer 1 filtering will introduce a certain level of measurement averaging. How and when the UE exactly performs the required measurements will be implementation specific to the point that the output at B fulfils the performance requirements set in [21]. Layer 3 filtering and parameters used is specified in [16] and does not introduce any delay in the sample availability between B and C. Measurement at point C, C' is the input used in the event evaluation.
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