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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]:
Agreements
1	For cell reselection, 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 (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes)
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, how filtering should be applied and what steps should be standardized. That is typically what is referred as measurement model in LTE and should also be defined in NR. An additional step seems necessary since the cell quality may need to be derived from multiple beams.
In this contribution we discuss the measurement model in NR and how RRC_IDLE and RRC_INACTIVE UEs should perform the RRM measurements in order to define the cell level quality for neighbor cells. 
Discussion
Physical layer filtering and cell quality derivation
An example transmission of SS block beam-sweeping is shown in Figure 1. UE takes a measurement snapshot during each measurement window periodically (for every ON cycle of DRX duration) and the detected SS blocks with RSRP quantities above a threshold can be identified.
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Figure 1 An example of SS block sweeping.
In NR each measurement snapshot at UE will likely capture a set of SS-block-RSRP values per cell. These quantities need to be processed and a single cell-level RSRP value per each detected cell. 
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. All this processing will happen in the lower layers in LTE. 
Observation 1	In LTE a single cell quality value per cell is computed in the physical layer.

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. Based on these detected beams, the UE needs to derive the cell quality measurements in the physical layer itself as no higher layer configuration is done in general for the IDLE UE measurements. 
Proposal 1	Similar to LTE, an NR UE should also derive ‘cell quality‘ measurements at the physical layer.

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 Burst 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.
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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 relevant beams (i.e. above a defined threshold) should be considered for cell quality derivation. It is FFS whether the threshold will be a configuration parameter or something defined in RAN4.

After an NR UE performs cell detection and takes beam-level measurements using the identified SS blocks per snapshot (e.g., a measurement window), it may be necessary to perform both filtering and cell-level quality derivation and either can be performed before the other, as shown in Figure 2. Both of these two illustrated approaches can report a single cell-level value per each identified cell
[image: C:\Users\eumuugu\Desktop\simulation_slides\__new\PingPongAll_2.png]
Figure 4 Cell quality derivation can be performed at the physical layer a) after or b) before L1 filtering
One of the alternative options is that UE first performs L1 filtering on multiple measurement snapshots of each SS block and then derives cell-level quality values (Figure2a). The UE complexity requirements may be relatively higher since all detected SS blocks above a configured threshold should be processed and stored separately before cell quality is derived per each snapshot. Also, the detected SS blocks of a neighbour node are likely to change every time UE takes a measurement due to mobility and channel variation effects. This would render even higher complexity requirements as more SS blocks are detected and therefore more ‘beam level’ SS-block-RSRP values should be filtered. Clearly the UE complexity cannot be reduced by configuring a small ‘N’ value with this option since the selection of ‘N best beams’ is related to cell quality derivation function. Also configuring a high threshold value prior to L1 filtering cannot prevent the likelihood that different SS blocks will be captured at each measurement snapshot, hence still more beam-level L1 filtering processes will be required over time. We have the following observation:
Observation 2	Performing filtering per beam level measurement values before defining a cell value might be complex to the UE since at every sample a different number of different beams can be detected, i.e., UE would need to maintain multiple filtering processes.

The second option is that UE first performs cell quality derivation based on ‘N best beams’ at each measurement snapshot and L1 filtering is performed based on the calculated ‘cell quality’ values (Figure2b). This option is computationally more efficient since UE does not need to store ‘beam level’ SS-block-RSRP measurement values for all detected beams. UE is allowed to use the parameter N per sample to select the N best beams (out of the relevant ones) and perform a L1 non-coherent combination of beam-level RSRP results. Based on that the UE can derive a cell-level RSRP per sample and provide as input to the L1 filtering. Notice that after the cell quality derivation the UE measurement model works as in LTE. Cell quality derivation can be considered an additional step necessary for multi-beam deployments and left to UE implementation. In this option the UE also may not be mandated to use all ‘N beams’. Using all ‘N best beams’ can be desirable in scenarios where multiple beams are, to some extent, not too far apart in terms of RSRP e.g. if the UE is in the border to multiple beams. This may indicate that in subsequent periods that the UE is not sampling the UE may likely be served by the other ‘N-1 best beams’. On other hand, in the cases where the UE detects a quite strong component (e.g. in the case of a line of sight), a combination also using the N-1 beams might just lead to an unnecessary underestimation of the cell quality. Also this option minimizes the standardization impact since the same specification is defined for single-beam and multi-beam scenarios. We propose the following:
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Cell-level quality derivation should be performed at the physical layer before L1 filtering.

It has been agreed that cell quality derivation can be performed from an SS block set based on ‘N best beams’. However, the definition and ‘best’ and how ‘N’ is used have not been clarified. One way to define ‘best’ here can be by ranking the detected beams based on the configured measurement quantity (e.g., RSRP or RSRQ). When the cell quality derivation is performed before L1 filtering, the ranking and selection of ‘N best beams’ out of all detected beams can be done based on the measurement samples at every snapshot. After ‘N’ beams are selected, the cell-level quality derivation can be performed in different ways. One option can be taking an average of the ‘N best’ SS-block-RSRP values. The averaging can be performed uniformly either in linear or logarithmic domain. An alternative option could be to assign different weights for different SS-block-RSRP measurements, i.e., possibly based on the ranking among the selected ‘N best beams’. Also there are other potential cell quality derivation options that may leave out some of the beams out of all ‘N best beams’ during the cell quality derivation. For example, if one of the beams is much weaker than the rest of the ‘N-1 best beams’, cell quality derivation based on those ‘N-1 best beams’ may render more accurate measurements. These options also do not preclude the cases where one beam is much stronger than the rest of the ‘N-1’ best beams. On another note, there may be scenarios where the network configures UE with ‘N’, even though UE may not be able to detect as many as ‘N’ beams. The cell-quality derivation function should be designed in a flexible way so that these mentioned scenarios do not cause inaccurate measurements. 
Observation 3	Even though network configures UE with ‘N best beams’, the cell quality derivation at the UE may have to take into account less than ‘N’ beams.
The UE cell quality derivation based on ‘N best beams’ should not prohibit the cases where a subset of the beams out of ‘N best beams’ can be excluded from calculations.

[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 a single cell quality value per cell is computed in the physical layer.
Observation 2	Performing filtering per beam level measurement values before defining a cell value might be complex to the UE since at every sample a different number of different beams can be detected, i.e., UE would need to maintain multiple filtering processes.
Observation 3	Even though network configures UE with ‘N best beams’, the cell quality derivation at the UE may have to take into account less than ‘N’ beams.
We made the following proposals in Section 2:
Proposal 1	Similar to LTE, an NR UE should also derive ‘cell quality‘ measurements at the physical layer. 
Proposal 2	Only relevant beams (i.e. above a defined threshold) should be considered for cell quality derivation. It is FFS whether the threshold will be a configuration parameter or something defined in RAN4.
Proposal 3	Cell-level quality derivation should be performed at the physical layer before L1 filtering.
Proposal 4	The UE cell quality derivation based on ‘N best beams’ should not prohibit the cases where a subset of the beams out of ‘N best beams’ can be excluded from calculations.
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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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