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Introduction
In the email discussion that followed the RAN2#99 meeting [1], companies discussed the s-Measure configuration and its impact on cell and beam level measurements in NR. The following question was brought up, regarding the relation between s-Measure and the beam level filtering to be performed by the UE. 
Discussion 3.5: Companies are welcome to provide input related to the following options:
· a/ The UE shall perform L3 beam filtered measurement results for neighbour cells at the same time it starts to perform neighbour cell measurements i.e. based on the s-Measure threshold for cell measurement results (if configured);
· b/ The UE shall perform L3 beam filtered measurement results for neighbour cells based on another threshold also compared to PCell measurements.
In RAN2#99-bis in Prague, a/ seemed to be the preferred choice among most of the companies, with the argument that L3 filtering of neighbour cell beam measurements would not be a major issue for UEs. However, in the same meeting, 21 companies have co-signed a paper that raised a potential issue on the maintenance of a large amount of L3 filter measurements [2], which was exactly what option b/ was trying to reduce. In our view, that is an evidence that companies have possibly not fully understood the benefits of the additional threshold for beam measurements. Hence, in this contribution we shed more light on the possible improvements based on an additional threshold.
[bookmark: _Ref178064866]Discussion
0. Beam level measurements
In RAN2#98AH, it was agreed to use the measurement model shown in Figure 1 in NR.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]
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[bookmark: _Ref503188443]Figure 1 : RRM measurement model in NR
Based on the above agreed model, the UE will perform L3 filtering of the cell level quantity and also for each of the ‘K’ beam level quantities from the said cell. The purpose of generating the filtered cell level measurements is to use them for evaluating the event triggering criterion and also to report these quantities to the serving cell. The beam level measurements are mainly used for identification of the beams in which the contention free random-access needs to be allocated in the target cell upon a handover and to enable the network to identify which cells have more or less stable beams to possibly minimize the occurrences of ping-pong handovers. The beam level measurements can also be used for handover decision making itself by the serving cell. 
Based on this model, when beam measurements are configured to be included in measurement reports, in addition to what is required for cell level measurements, the UE shall set up one L3 filter for each detected beam for each detected cell. In other words, the more cells the UE detects, the more L3 filters per beam the UE shall set up.
In principle, considering that a UE could potentially detect many cells and many potential beams from these cells (up to 4/8/64 SS Blocks for sub-3GHz/3-6GHz/above-6GHz deployments), the number of L3 filters for beam level measurements that the UE needs to perform could become very large. In addition to that, complex operations might be required when some beams come and go, the number of detected beams changes for different sample intervals, etc. That is not only complex but also requires quite some memory.
As mentioned previously, the beam level measurements are used only in the measurement reporting and not for event triggering criterion evaluation. Hence, they will be mostly used (at least during the event triggered measurement reporting) as part of the reporting along with the cell level measurements when the cell level measurements have triggered the measurement reporting. The main usage of these beam level measurements is in allocating contention free random access in the target cell and possibly for some further SON functions related to coverage and capacity optimization. Therefore, it can be useful from the UE point of view to initiate the beam level measurements computation (setting up the L3 beam filters) only when the neighbour cell level measurements are being performed.
[bookmark: _Toc503189950][bookmark: _Toc503193401][bookmark: _Toc503452901][bookmark: _Toc503452951][bookmark: _Toc505870687]The beam level measurements computation (setting up the L3 beam filters) is needed only when the neighbour cell level measurements are being performed, i.e. the serving cell is below the s-Measure as configured by the network.
Also, the number of cells that will be included in the measurement report can be up to ‘MaxReportCells’. The main reason for including the beam level measurements in the measurement report is to aid the target cell in allocating the CFRA (Contention Free Random Access) in the target cell upon handover initiation. Ideally, tracking the beams of the potential target cell in the handover decision suffices. However, the UE is unaware of the cell to which the network could handover the UE to. As the network relies on the cell level information in the measurement report to choose the target cell for the handover, it makes sense to include beam level information of only those cells. Ideally, the beam level related L3 filtering needs to be set up by the UE towards only those cells who are probable to be included in the measurement report and at only those time instances when the measurement report needs to be sent. Therefore, the beam level measurements can be set up only for those cells whose measurements are within the neighbourhood of triggering the measurement reporting event. 
[bookmark: _Toc503189951][bookmark: _Toc503193402][bookmark: _Toc503452902][bookmark: _Toc503452952][bookmark: _Toc505870688]The beam level measurements computation (setting up the L3 beam filters) is needed only when a cell level measurement is close to satisfying the event triggering criterion.
This can be explained using the simple illustration of cell and beam level measurements in Figure 2 below. In the example shown, an A3 event is shown, wherein the neighbour cell (cell-A shown in orange colour) becomes better than the serving cell over time and causes A3 event to be triggered. At time=T1, the PCell quality drops below the s-Measure and the neighbour cell level measurements are triggered. At time=T2, the RSRP of the neighbour cell, cell-A, is measured to be within ‘Y’ dB of the serving cell. The value of ‘Y’ dB could be configured as a relative offset to the event triggering criterion. At this stage, the UE shall set-up the L3 filtering for the beams from the cell-A. It is worth noting that the UE does not need to set up beam level filtering for all the neighbouring cells. At time=T3, the A3 event triggering criterion is satisfied by cell-A and a measurement report is sent by the UE involving cell and beam related measurements. By performing this procedure for beam level measurements, the UE can set up the beam level filtering only towards the relevant cells at the relevant time. 
s-Measure
time
T1: Trigger neighbour cell measurements
T2: Set-up beam level L3 filtering of neighbor cell A’s beams.
Cell-A within ‘Y’ dB of serving cell 
Cell-A better than serving cell by A3 offset+CIO
T3: Trigger A3 event and report both cell level and beam level measurements
RSRP

[bookmark: _Ref503189377]Figure 2 : How to set up beam level filtering, using A3 event as an example
[bookmark: _Toc503189952][bookmark: _Toc503193403][bookmark: _Toc503452903][bookmark: _Toc503452953][bookmark: _Toc505870689]By performing beam level filtering only for those cells whose cell level measurements are close to satisfying the event triggering criterion, the UE shall perform the beam level measurements towards relevant cells and at relevant times only.
[bookmark: _Toc503189965][bookmark: _Toc503193406][bookmark: _Toc503452970][bookmark: _Toc505870694]UE performs beam level filtering for the beams of only those cells whose cell level measurements are within a threshold (Y dB) of the serving cell.

Total number of beam measurements 
At RAN2#99bis in Prague and in the subsequent email discussion #22 [3], the issue of increased UE complexity due to a large total number of beam measurements has been discussed.
[bookmark: _Toc505870690][bookmark: _Toc503452904][bookmark: _Toc503452954][bookmark: _Toc505870691]In [99bis#22][NR] Filter coefficients, RAN2 seemed to agree that there should be a total number of beam measurements (including filtering) that can be supported by the UE. 
In addition, the email discussion also suggests discussing whether RAN4 should be informed about that. Under the assumption that this is agreed, it seems relevant to discuss how that information could be used by the network. The network can set the following parameters related to beam reporting:
· Exact beam reporting quantities per reportConfig;
· Exact number of measurement objects;
· Maximum number of beams to be reported per cell.
For the maximum number of beams to report per cell, the current TP on RRM defines the parameter maxNroRsIndexesToReport, somewhat equivalent to maxReportCells, i.e. defined as an integer. Hence, the number of beam measurements the network should expect the UE to perform, if a requirement is defined by RAN4, would depend on the number of measurement objects, but also the minimum number of cells the UE is required to measure, although it is not very clear how these two requirements are related. 
[bookmark: _Toc503452905][bookmark: _Toc503452955][bookmark: _Toc505870692]The total number of beam measurements the network should expect the UE to perform, depends on the number of configured measObject(s) and the minimum number cells the UE is required to measure.
Hence, as that could potentially affect minimum requirements on NR measurements, potential RAN2 conclusions on the UE complexities involved in performing too many beam measurements seem relevant to RAN4. In our understanding, it seems the issue has already been acknowledged by RAN4, as they have discussed requirements for beam and cell measurements in the RAN4#85 meeting in Reno [4]. In our view, it could be acceptable to send an LS to RAN4 with RAN2 conclusions, although RAN2 should first discuss whether the agreement or the potential requirement on minimum number of beam measurements could have any impact to RAN2 specifications. Hence, we suggest the following way forward:
[bookmark: _Toc503452971][bookmark: _Toc505870695]LS to RAN4 could be sent if RAN2 identifies issues to be clarified that may have impact in RRC specifications.

On using the L3 filtered beam measurements in the consolidation function
Even though the measurement model depicted in Figure 1 has been agreed several meetings ago, it has been proposed to change the measurement model by introducing a feedback from the L3 filtered beam measurements to the beam consolidation function [5]. The contribution argues that without this modification, there is a risk for “too early” or “too late” handovers, because the selection of beams to be used for cell quality derivation is supposedly not optimal. This argument ignores, however, that a measurement report does not automatically trigger a handover. The decision to initiate a handover, when and to which target cell, lies entirely with the network. And since the network can configure the UE to report beam qualities together with the cell quality, it can obtain all the information it needs to make the correct handover decision and thus easily avoid “too early” or “too late” handovers.
It is also worth noting that the order of filtering and consolidation indeed makes a difference, i.e. cell level L3 filtering after consolidation won’t give the same result as consolidation after beam level L3 filtering. This is not a problem, however, as long as the qualities of serving and target cell are derived in the same way. None of the resulting quantities is more correct than the other, both are valid representations of the cell quality. As such, both (together with the L3 filtered beam measurements) can be used by the network to make the optimal HO decision.
[bookmark: _Toc505870693]With the L1 filtered cell quality and the beam measurements, the network has all the information needed for the optimal HO decision. There is no need to introduce a feedback from the L3 filtered beam measurements to the consolidation function to the agreed measurement model.
[bookmark: _Toc505870696]Do not change the agreed measurement model by introducing a feedback from the L3 filtered beam measurements to the beam consolidation function.
Conclusion
In the previous section, the following has been observed: 
Observation 1	The beam level measurements computation (setting up the L3 beam filters) is needed only when the neighbour cell level measurements are being performed, i.e. the serving cell is below the s-Measure as configured by the network.
Observation 2	The beam level measurements computation (setting up the L3 beam filters) is needed only when a cell level measurement is close to satisfying the event triggering criterion.
Observation 3	By performing beam level filtering only for those cells whose cell level measurements are close to satisfying the event triggering criterion, the UE shall perform the beam level measurements towards relevant cells and at relevant times only.
Observation 4	In [99bis#22][NR] Filter coefficients, RAN2 seemed to agree that there should be a total number of beam mea
Observation 5	surements (including filtering) that can be supported by the UE.
Observation 6	The total number of beam measurements the network should expect the UE to perform, depends on the number of configured measObject(s) and the minimum number cells the UE is required to measure.
Observation 7	With the L1 filtered cell quality and the beam measurements, the network has all the information needed for the optimal HO decision. There is no need to introduce a feedback from the L3 filtered beam measurements to the consolidation function to the agreed measurement model.
[bookmark: _GoBack]
Based on these observations, we propose the following:
Proposal 1	UE performs beam level filtering for the beams of only those cells whose cell level measurements are within a threshold (Y dB) of the serving cell.
Proposal 2	LS to RAN4 could be sent if RAN2 identifies issues to be clarified that may have impact in RRC specifications.
Proposal 3	Do not change the agreed measurement model by introducing a feedback from the L3 filtered beam measurements to the beam consolidation function.
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