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Introduction
[bookmark: _Ref178064866]In RAN2#97 meeting in Athens, cell quality derivation from multiple beams was discussed for RRM measurements and the following has been agreed [1]:
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)

The agreement indicates that in deployments where beamforming is used, a single cell-level quality value (e.g. RSRP) should be determined based on measurement results from a configurable number of beams, which can be 1 or more. In our understanding, it is still to be decided at what stage/layer of the protocol stack the cell quality should be derived and how filtering should be applied.
In this contribution we discuss the measurement model in NR and how RRC_CONNETED UEs should perform the filtering of RRM measurements in order to define the cell level quality for neighbor cells. Notice that it is FFS how the quality of serving cell is determined and it will be treated in a companion contribution [2].
Note: Another open issue was whether cell quality can be derived both based on additional RS (i.e. CSI-RS) and Idle RS. This contribution assumes for the time being that this needs to be defined at least for Idle RS (generically referred in this paper as one or multiple signals in the SS Block Set, depending on a final RAN1 decision). That does not preclude the definition of the same or a different measurement model to derive cell quality based on CSI-RS.
Discussion
Measurement model
According to the RAN2 agreements an RRC_CONNECTED UE can be configured to perform RRM measurements per each detected SS block and each of these RSRP measurements will correspond to a ‘beam quality’ in the case SS Blocks are transmitted in multiple beams, as agreed in RAN1#NRAdHoc [3].
In LTE the UE uses cell-specific reference signals (CRS) and synchronization signals (PSS/SSS) to discover a cell and perform RRM measurements to derive a cell quality. For both intra- and inter-frequency measurements UE is expected to fulfill certain RRM requirements depending on channel conditions and noise levels. To do that UE typically collects periodic snapshots (e.g. at every 40 ms) based on CRS (after cell detection) where coherent and non-coherent averages are performed per sample in a limited bandwidth. The UE performs filtering at the physical layer before reporting the measurement results to higher layers. Every time a measurement result is received by the higher layers, UE performs L3 filtering. In LTE the standardized L3 filtering provides some level of harmonization among UEs. However, the parameters of the L1 filtering are not standardized and left to UE implementation. 
Observation 1	In LTE the L3 filtering is standardized, therefore the network can provide a level of harmonization among UEs as well as different cell quality measurements of a UE.

The LTE filtering model, as captured in TS 36.300, is reproduced in the figure below:


Figure 1 Measurement model in LTE.
In LTE the UE averages the received signal power on some of the cell-specific RS resource elements coherently and non-coherently in time and frequency domains to derive a single RSRP value per cell. After cell-level quality measurements are derived at the physical layer based on per-RE signal power measurements, the results are reported to higher layers where L3 filtering can be performed for the cell quality values. 
Observation 2	In LTE a single quality value per cell is indicated from L1 to L3.

In NR it has been agreed that both single-beam and multi-beam scenarios should be supported for cell detection and RRM measurements. Specifically, an NR UE may have an additional measurement dimension since different SS Block transmissions can be detected from multiple beams per cell during one measurement snapshot. In our view, the same principle as in LTE should be followed in NR, i.e. at each measurement window the UE should be able to derive a cell quality that can be L1 filtered and L3 filtered. That should be done at the UE regardless if the samples contain a set of SS-block-RSRP values per cell, which will reflect the fact that at every sample the UE detects multiple beams, to be combined before filtering. If multiple measurement snapshots are taken on a carrier before the values are reported to higher layers, UE needs to determine how to filter those multiple snapshots at the physical layer so that the measurement values can be smoothed out (e.g., by a moving-average filtering function). Another advantage of such a model is that it is applicable for any deployment, single-beam and/or multi-beam, leaving the details of per beam filtering configurations out of the RRC layer.
Observation 3	Deriving a cell value before L1 filtering simplifies the cell-level quality measurements regardless of the number of detected beams.
Proposal 1	Similar to LTE, an NR UE should be able to derive a ‘cell quality‘ value per sample, perform cell-level L1 filtering and cell-level L3 filtering.

[image: ]
Figure 2 Proposed NR measurement model.
Note: Performing cell-level quality derivation at L3 would mandate high UE complexity requirements since UE would need to compute and store ‘beam level’ quality values for at least each of the ‘N best beam’ SS blocks. Also, there may be instances where UE cannot identify ‘N’ SS blocks per cell, in which case cell quality derivation cannot be performed accurately. The proposed measurement model is shown in Figure 2.


Cell quality derivation
When it comes to cell quality derivation, it has been agreed that ‘N best beams’ should be considered and, according to our proposed model, that should be done per sample, where N could be configured for example per carrier frequency (e.g. to reduce the amount of configuration and minimize required inter-node coordination). An NR UE can detect one or multiple beams per cell per sample where these beams are distinguishable by some identifier for different SS Blocks within an SS Block Set. In the following example in Figure 3, the UE detects samples of beams #4, #6, #9, #10 and #12 of a cell where the SS block detectability depends on the received SINR of each beam. As a second step UE could perform an initial coherent and non-coherent average for each detectable beam in each SS Burst Set. After that there will be one RSRP value per beam and these beam-level RSRP values can be ranked/sorted per each measurement snapshot from each cell, e.g., in descending order of RSRP values. Taking our specific example into account, the UE would rank beams as follows: RSRP#4, RSRP#6, RSRP#9, RSRP#10 and RSRP#12.
[image: ]
Figure 3 An example of UE measurements on an SS Burst Set.
As can be inferred from the above example, different UEs may have different signal detection capabilities. An RSRP threshold that is typically higher than the detection threshold should be configured by the network so that only the relevant beams out of all detectable beams are considered in the cell quality derivation function. Taking our example into consideration, one could say only RSRP#4, RSRP#6, RSRP#9 are above the threshold so that only beams #4, #6 and #9 are relevant to derive the cell quality. We propose the following:
Proposal 2	Only best N ‘good’ beams should be considered for cell quality derivation. It is FFS how a ‘good’ beam is defined.

Layer-3 filtering of ‘cell quality’ measurements
Whenever L1 indicates a cell measurement quality value to higher layers, UE can perform L3 filtering by combining the current and historical measurement values for each cell and the evaluation of the reporting event criteria is done based on the filtered L3 values. When an LTE UE is not configured with a measurement gap, UE physical layer should be capable of reporting measurements from 8 identified intra-frequency cells to higher layers with a 200 ms measurement period. If a measurement gap is activated at UE, the number of identified cell measurements can be less. 
The L3 filtering is described in LTE (TS 36.331) as follows: 

	
Mn is the latest reported cell quality measurement from physical layer, Fn-1 is the old filtered measurement result, Fn is the updated filtered measurement and a = 1/2(k/4), where k is the filterCoefficient.
As in LTE, L3 filtering should be performed for NR before evaluation of reporting criteria of A1-A6 events.

Usage of beam-level information
One question that was raised during the study item phase is whether, in addition to cell-level measurements, UE should also make visible to higher layers any beam-level measurement values.
One first alternative could be to potentially include beam-level RSRP in the RRC measurement reports to improve the serving and target cell knowledge about the beams detected by UE, either to improve the performance of handover algorithms in the serving cell, which could take beam-information into consideration, or to enable the target to perform load balancing and/or an efficient allocation of RACH resources for contention-free access. However, as discussed in a companion paper [4], requiring RSRP measurements per beam in the A1-A6 reports would require an extensive filtering configuration at RRC level, and the management of quite different scenarios such as when different beams are detected during different samples and filters per beam needs to be maintained.
Meanwhile, some high level information to be reported about beam indications would be sufficient for the serving cell to optimize the handover performance (e.g. by prioritizing cells with a higher number of ‘good’ beams) and for the target cell e.g. to allocated dedicated RACH resources for contention-free access only associated to a subset of beams.
At least SS block identification could be possibly provided from L1 to L3 to be included in measurement reports.
[image: ]
Figure 4 Beam information provided from L1 to L3.
Although it is proposed to not include beam-specific RSRP measurements to be reported to higher layer (and define filters configured via RRC), per-beam per cell RSRP measurements can still be useful, for example, to support DL beam selection before accessing a target cell upon the handover or establishment of a secondary cell. Upon receiving a handover command, for example, the UE should (as in LTE) synchronize, but in addition it should also perform DL beam selection (or SS Block selection). However, considering that SS Blocks and SS Burst Sets may be sparse in time it could take some time until the UE can perform that selection. That time could be even longer if the UE is required to collect multiple per beam values to be filtered before a decision can be taken. Hence, it is beneficial to enable the UE to access the target cell immediately after receiving the HO command (i.e., perform DL beam selection before receiving the handover command). And for that purpose, UE implementation could apply some kind of beam tracking for potential neighbour candidates to improve the handover performance.
It should be left to implementation how the UE can track neighbour and serving cell beams (SS Block) e.g. for handover execution optimizations and/or beam recovery.
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]We made the following observations in Section 2:
Observation 1	In LTE the L3 filtering is standardized, therefore the network can provide a level of harmonization among UEs as well as different cell quality measurements of a UE.
Observation 2	In LTE a single quality value per cell is indicated from L1 to L3.
Observation 3	Deriving a cell value before L1 filtering simplifies the cell-level quality measurements regardless of the number of detected beams.

We made the following proposals in Section 2:
Proposal 1	Similar to LTE, an NR UE should be able to derive a ‘cell quality‘ value per sample, perform cell-level L1 filtering and cell-level L3 filtering.
Proposal 2	Only best N ‘good’ beams should be considered for cell quality derivation. It is FFS how a ‘good’ beam is defined.
Proposal 3	As in LTE, L3 filtering should be performed for NR before evaluation of reporting criteria of A1-A6 events.
Proposal 4	At least SS block identification could be possibly provided from L1 to L3 to be included in measurement reports.
Proposal 5	It should be left to implementation how the UE can track neighbour and serving cell beams (SS Block) e.g. for handover execution optimizations and/or beam recovery.
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SS Block Burst Set

UE should be able to consider at least a whole SS Block Burst Set before deriving a cell
value RSRP to be used as input to L1 filtering.

In this example the UE is able to detect 5 beams in one snapshot per cell (i.e. beams #4,
#6, #9, #10, #12 are above a pre-defined SINR enabling the UE to distinguish them).
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