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1   Introduction
In RAN2#97 meeting, the following agreements were reached:

Agreement

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)

In RAN2#97bis meeting [1], further agreements were reached as below:

Agreements
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)
Agreements (for mobility without RRC involvement):
1
RRC/RRM shall not be required to know which beam is actually being used for transmission at a certain time. And the “beam switch procedure” in “Zero/Minimum RRC involvement” should be transparent to RRC/RRM.
Agreements
1
Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS
Agreements
3
Previous agreements on measurement model (with NR-SS) and cell quality derivation are also applicable for CSI-RS.
In this paper, we will further discuss a uniform mobility measurement (filtering) model to derive the cell quality from multiple beam quality. 
To reuse UE-side measurements for different purposes yet consider beamforming’s impacts in NR, the RRM model should be agnostic of input signals (xRS/xSS), UE RRC states, and work flexibly for both beam management (BM) and mobility management (MM) from RAN2’s perspective. The difference between the BM and MM is considered in the model by configurable measurement objects, the formats of reports, and filtering parameters. While this contribution focuses mainly on the modelling, the configuration details can be found in a companion contribution [2], with RAN1-centric more perspectives highlighted in [3] and CSI-RS/SS-block configurations and measurements discussed in [4, 5, 6].
2   Beam based Measurement model
Beamforming technique is used to compensate large path loss in high frequency system, and the narrower the beam is the more beamforming gain it can provide. To derive a reasonable coverage the beam has to be narrow enough, and at the same time the NR cell has to be covered by many narrow beams. For DL-based mobility in RRC connected mode UE should perform RRM measurement which includes L1 filtering and L3 filtering at least. When the cell is covered by many beams spatially or temporally multiplexed, for example, UE may detect several serving beams simultaneously or over time. The measurement filtering mechanism should also be improved regarding this. Besides L1 filtering is implementation dependant, the behaviour of the L3 filtering is standardised and the configuration of the layer 3 filtering is provided by RRC signalling. 
In NR the “cell” concept is yet to be defined, but for different deployment scenarios, a gNB may have a single or multiple cells under its coverage, where one or multiple TRPs may exist within each cell. The new deployment NR scenarios impact mobility and measurement. Also despite the difference between beam management (BM) and mobility management (MM) [3], we see a lot of commonality in their measurement process. Assuming all TRPs in a cell are synchronized, and RRC anchored only at the gNB for all of its cells: 
· For L3 mobility with RRC involvement, e.g., inter-gNB handover, it is agreed that a cell-level quality is needed and derived from the underlying L1/L2 BM, and hence the existing RRM model in TS36.300 may need to be enhanced with beam-awareness.

· For intra-gNB mobility e.g., when RRC is NOT necessarily involved, we see the need to introduce a L2 RRM mechanism (see Fig. 3 below). This is for serving TRP switching, mobility without L3 RRC signalling but possibly L2 inter-site context/data forwarding, or simple multi-beam RRM  for L2 beam management (BM)---L2 here refers to any layers from MAC/RLC/PDCP. 
· For intra-cell BM, e.g., when the serving site (a TRP or a cell) for the UE stays the same but the beam pair(s) are dynamically changed,  very local but fast UE-TRP beam operations (beam tracking and switching) may be sufficient to maintain the services, i.e., without involving the more complex MM with upper-layer inter-site interactions nor L3 RRC signalling. Note that BM is normally RAN1-focused for being more local, timing critical, and lighter weighted than the RAN2-focused mobility. 
Observation 1: There is a need of L2 RRM module (for BM and filtering) for mobility without RRC involvement
Note that the term “filtering” here may be interpreted differently, e.g., narrowly as a sliding-window-moving-average of an single input series (RSRP, for example), or more widely as any measurement operations of multiple inputs including multi-beam combination, e.g., consolidation or down-selection of multiple input beams. 

In a beamforming enabled cell, for each of the UE detected beams, the UE can derive a L1 filtering result. There are at least 3 options to handle L1 filtering results of all detected beams as follows.
Observation 2: There are at least 3 options of RRM filtering for multi-beam mobility measurement
2.2   Options for measurement model

Option 1: each beam (pair) has a dedicated filter at L1 and L3.
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Fig. 1. beam level L3 filtering
As shown in Figure 1, after L1 filtering result is ready, it will be input into the L3 filter to obtain a L3 filtering result for each individual beam. Then  a post-L3 filtering combination of the results is performed. Since UE gets the RRM measurement result of each beam (pair), in this way UE can measure the quality of every detected beam (pair), and it can perform combination of individual measurements to obtain a multi-beam-combined or cell level quality. 
· The L1 or L3 filter for each detectable beam pair can be same as or similar to that of existing LTE.
· As agreed in RAN2#97 meeting, the L3 beam level combination can be applied to N beams where value of  N can be configured to as for all detectable beams, one, or more than one selected (best) beams. 
Option 2: each beam pair has a dedicated L1 filter, but L3 filtering is applied to combined beams after a new (L2) combination module, which is after L1 filtering but before L3 filtering and does at least the beam consolidation/selection.

[image: image2.emf]Layer 1 filter

All beams

(L1 or L2) beam 

specific combination 

module (e.g., beam 

consolidation/selection)

Layer 3 filer

One virtual beam

report


Fig. 2. L3 filtering based on combination of L1 filtered beams
As shown in Figure 2, in this option, the Layer 1 filter result for each beam (pair) is input to a new combination module for beam level measurement results. After the combination, one cell quality result is input to Layer 3 filter. The combination module here may be part of  L1/L2 beam management, e.g., beam switching and beam tracking, but it may does beam combination, e.g., multi-beam consolidation and selection for RRM purposes. 
Alternatively in this option, only N (best) beam pairs are aligned/switched/tracked by the BM in the combination module, instead of “one virtual beam”.  Take high frequency systems for example, where channel variation is very large and individual beam may not be detected by UE constantly due to beam blockage. In this circumstance, for blocked beams pair(s), the L3 filtering could not work well due to intermittent L1 filtering results. In addition, the detected and L1-filtered beam pairs may oscillate due to transient CH dynamics, which may cause a lot of ping-pongs if those individually filtered pairs are directly used for mobility decisions. 
Option 3: each beam pair has a dedicated L1 filter. After this a new (L2) combination module can be applied to consolidate/select/filter beams, e.g., either independently for mobility (reports) without RRC involvement, or coherently with L3 filtering for other scenarios.
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Fig. 3. Multi-beam L2 or L3 filtering based on L1 filtered results of individual or combined beams 
As stated earlier, to reuse UE-side measurement (process) for BM and MM regardless of of input signals (xRS/xSS) and UE states, we need a uniform RRM model with configurable input signals, measurement parameters, measurement process, and measurement report formats. Yet this model should consider enhancing the widely adopted LTE RRM model for stability purposes. 

Therefore, we have Option 3 as shown in Figure 3, where there could be multiple beams at the UE. Similarly the input to the Layer 1 filtering may be the measurements (samples) of multiple beam pairs (a beam pair consists of a Tx beam and a Rx beam). Based on the deployment scenarios, UE states, and corresponding configuration, Layer 2 (upper part) and/or Layer 3 filtering process (lower part) all take the L1 outputs for further filtering or combination. 
· For intra-gNB mobility without RRC involvements, faster L2 filtering and reports may suffice. Therefore, the upper part of the RRM model (L2 reporting) can be applied. Note that per RAN2 agreement, the concrete BM operations (such as beam switching, etc.) are transparent to RRM in this model, but they are the foundation for the new RRM functions in this new module, e.g., the (L2) multi-beam filtering and combination (consolidation/selection).
· For  inter-gNB mobility with RRC involvements, L3 filtering and reports may be needed. Therefore, the lower part of the RRM model (with L3 reporting) can be applied.
· The L2 combination  module here may degenerate to the commonly used averaging/filtering of beams, or may conduct a multi-beam combination (e.g., beam consolidation/selection), all for the purpose of deriving a stable cell-level quality for mobility purposes beyond the transparent normal BM behaviour (e.g., beam alignment, beam switching, and beam recovery, etc.).
· L2 and/or L3 reports can be used accordingly to generate DL RRM reports to the network side.
· The reduced number of “lines” from the interface “B” to “D” to “E” to “F” in the plot can be thought of as a result of “combination”, e.g., finding “N” best beams, or deriving cell-level quality from all perceived beams, which should be configured by the network-side.

· In one configuration, say at “D”, the input lines to L3 filtering may be “N”, representing N best beams to be used for cell-level quality derivation.
· In one configuration, “E” may be a unique number for the derived cell level quality, or it may represent the filtered beams above certain thresholds and to be reported to the network-side.
· Not shown here, the interface “E” may accommodate different input events as in LTE’s C and C’.

· As we can tell, by different configurations, the above model in Option 3 is a superset of Option 2. 

Comparison of these options

For scenarios when the radio link stays stable, which means at least part of beams can be detected all the time, the option 1 may be used only for L3 mobility, but it provides the least stable results to L3 (mobility) with highest measurement and reporting overhead. If channel varies fast, e.g., in high frequency scenarios, the option 2 may be better, again for L3 mobility only. 
Observation 3: Option 1 works only for mobility with RRC involvement with high L3 overhead and multi-beam channel limitations.  
Observation 4: Option 2 may work well in multi-beam environments but only for mobility with RRC involvement. 
As discussed earlier, Option 3 present to us a uniform RRM framework that is easily configured for different MM scenarios, as always desired by RAN2. For the situations of  intra-gNB mobility (e.g., with serving beam switching across TRPs over  non-ideal backhaul links), fast L2 handling without RRC involvement may suffice with minimum signalling overhead and handover latency. The underlying BM may mask any beam-level dynamics within the same serving sites---otherwise the traditional L3 mobility is needed (like Option 2).  Either case, Option 3 works and allows the UE to share the same measurement process between BM and MM in a uniform framework. 
Observation 5: Option 3 as a superset of Option 2 provides a uniform RRM framework for mobility with or without RRC involvement.
Based on the above comparisons, options and observations, we have the following:
Proposal 1:  A new (L2) RRM module should be adopted in-between L1 filtering and L3 filtering to combine beams either independently for mobility (measurement and reports) without RRC involvement, or coherently with L3 filtering for other mobility scenarios.

Proposal 2: The (L2) RRM beam combination module includes functionalities not only for beam consolidation/selection, but also for (L2) filtering/averaging of beam measurements at least for mobility without RRC involvement.

Proposal 3: For different mobility scenarios without or with RRC involvement, a uniform RRM model (option 3) should be adopted with configurable xRS/xSS inputs, filtering parameters, and reporting processes. 
3   Conclusion

The paper discusses the mobility measurement models to derive cell quality from multiple beam pairs. We made the following observations: 
Observation 1: There is a need of L2 RRM module (for BM and filtering) for mobility without RRC involvement
Observation 2: There are at least 3 options of RRM filtering for multi-beam mobility measurement
· Option 1: each beam pair has a dedicated filter at L1 and L3.
· Option 2: each beam pair has a dedicated L1 filter, but L3 filtering is applied to combined beams after a new (L2) combination module, which is after L1 filtering but before L3 filtering and does at least the beam consolidation/selection.
· Option 3: each beam pair has a dedicated L1 filter. After this a new (L2) combination module can be applied to consolidate/select/filter beams, e.g., either independently for mobility (reports) without RRC involvement, or coherently with L3 filtering for other scenarios.
Observation 3: Option 1 works only for mobility with RRC involvement with high L3 overhead and multi-beam channel limitations.  
Observation 4: Option 2 may work well in multi-beam environments but only for mobility with RRC involvement. 

Observation 5: Option 3 as a superset of Option 2 provides a uniform RRM framework for mobility with or without RRC involvement.
Accordingly we have the following proposals:
Proposal 1:  A new (L2) RRM module should be adopted in-between L1 filtering and L3 filtering to combine beams either independently for mobility (measurements and reports) without RRC involvement, or coherently with L3 filtering for other mobility scenarios.

Proposal 2: The (L2) RRM beam combination module includes functionalities not only for beam consolidation/selection, but also for (L2) filtering of beam measurements at least for mobility without RRC involvement.

Proposal 3: For different mobility scenarios without or with RRC involvement, a uniform RRM model (option 3) should be adopted with configurable xRS/xSS inputs, filtering parameters, and reporting processes. 
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