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Introduction
In the last RAN2 #97 meeting, we discussed the RRM measurement for supporting cell-level mobility and made some agreements as follows.

	Agreements
1. Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1.
FFS (a) Details of filtering to be applied
FFS (b) How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS (c) Whether the agreement applies to both additional RS and idle RS
FFS (d) Whether to only consider beams above a threshold (‘good’ beams)



To make progress of the discussion on this issue, the details that were captured as FFS in the agreements should be investigated further. In this context, we will focus on the following FFS in this contribution.
· FFS (a) Details of filtering to be applied
More specifically, we will look at how the filtering for the RRM measurement in NR could be different from that in LTE and will compare some filtering options that were identified during SI. Note that FFSs (b) and (d) will be discussed in our companion paper [1] so that please refer it to understand our overall view on this issue.
General Aspects of Filtering
In LTE, cell-level mobility including handover is supported by the measurement model shown in Fig. 1.




Figure 1 Measurement model in LTE [2]
In this model, the point “A” indicates the measurements (samples) at the physical layer of LTE. To obtain “A”, a UE typically measures cell-specific RS (CRS) or Discovery RS (DRS) in LTE. The L1 filter in the LTE measurement model is UE implementation specific including the input sample rate, filter characteristics and the output rate. For the NR measurement model it is safe to assume the L1 filter remains UE implementation specific, however, some new aspects need to be considered for the L1 filter. In NR, it is common understanding that some reference signals like NR-SS (NR-Synchronization Signal) and additional reference signals can be subjected to beamforming operation. Generically, if we consider beamformed Tx and Rx of a reference signal in NR, the point “A” in Fig. 1 could be seen as follows.




Figure 2 RRM measurement using multiple beams at gNB and UE
Fig. 2 shows that a UE performs beam sweeping to measure the RSRP between gNB beam i and UE beam j, which is denoted by Rij. It means that the RSRP is actually measured per beam pair so that the quality of a specific gNB beam could be varied depending on which UE beam is used for measurement. However, the beams of a UE should be transparent to the measurement model in NR since (i) there might be few cases where a UE uses beams other than the best UE beam for a specific gNB beam and (ii) how to select the best UE beam is mainly a UE implementation issue.

Observation 1: Selection of best UE Rx beam to determine the beam pair of gNB Tx beam and UE Rx beam is UE implementation aspect.
Proposal 1a: For the measurement model in NR, the L1 filter can be assumed to be UE implementation specific including the input sample rate, filter characteristics and the output rate (confirm with RAN1/RAN4).
Proposal 1b: For the measurement model in NR, the input to the L1 filter shall be the signal quality (i.e., RSRP or RSRQ) corresponding to one or more gNB beams detected by the UE.

From the cell-level mobility perspective, in the LTE measurement model the L3 filter and the evaluation of measurement reporting is configured by RRC (i.e. not UE implementation specific). For NR cell-level mobility the evaluation of reporting criteria should be based on the quality of a “cell”, that is, the point “C” in Fig. 1 should have one value per cell (i.e. cell quality metric). Accordingly, if one or more gNB beam quality are used as an input to the L1 filter of the measurement model in NR, a new module that derives a cell quality from them should be introduced before evaluating the criteria. We herein call this module a beam consolidation/selection module which is configured by RRC. Note than when the UE is configured with N=1 then it is beam selection module while if N is more than 1, then it is beam consolidation module.

Proposal 2: The measurement model in NR shall consist of the followings.
· L1 filter (UE implementation specific) and L3 filter (RRC configured)
· A RRC configured beam consolidation/selection module that derives a cell quality from one or more gNB beam quality
· The evaluation module of reporting criteria is RRC configured

If the beam consolidation/selection module is introduced, the measurement model in NR could have some variants depending on where this module is applied. These are summarized in Table 1. The pros and cons of each option will be discussed in the following section.

Table 1 Filtering Options considering beam consolidation/selection
	Option
	L1 filtering
	L3 filtering

	(1) Before L1 filter
	Per cell
	Per cell

	(2) Between L1 and L3 filters
	Per gNB beam
	Per cell

	(3) After L3 filter
	Per gNB beam
	Per gNB beam



Comparison of Filtering Options
Figs. 3, 4 and 5 show the filtering options that are described in Table 1. In order to select the most suitable option among them, it would be required to consider the following aspects.
1 Initial beam assignment: In NR, the L1/L2 beam management based on the connected mode RS (i.e., CSI-RS) will be defined by RAN1/RAN2 to manage a set of gNB (and also UE) beams for data communication. However, even in the case where a UE performs the L3 mobility using the idle mode RS (i.e., NR-SS), the UE should be able to inform the gNB of the measured signal quality of a set of gNB beams. This information can be used by the gNB to determine its beam that will be initially assigned to the UE. It would be highly desirable if a filtering option could support this functionality.
2 Commonality between modes: It would be desirable if a common filtering option can be used regardless of whether a UE is in IDLE or CONNECTED mode.
3 Complexity: It would be highly desirable if a filtering option does not impose significant  UE complexity for implemention.

• Option 1: Beam consolidation/selection before L1 filter


Figure 3 Beam consolidation/selection before L1 filter
Option 1 is illustrated in Fig. 3, where the beam consolidation/selection is performed before L1 filtering so that both L1 and L3 filtering are performed per cell.
· This option has the lowest complexity in terms of the number of computations required for L1 and L3 filtering.
· Both IDLE and CONNECTED UEs could derive a cell quality based on the same method, i.e., simply consolidating the measured signal quality of a set of gNB beams or selecting the best signal quality from a set of gNB beams before L1 filtering.
· This option does not provide filtered signal quality corresponding to a gNB beam at the L1 filter ouput (i.e. with beam consolidation) so that it is not suitable for the initial beam assignment. However, if N=1 then the best beam quality and cell quality is same so initial beam assignment can be possible based on the best beam quality.

• Option 2: Beam consolidation/selection between L1 and L3 filters


Figure 4 Beam consolidation/selection between L1 and L3 filters
Option 2 is illustrated in Fig. 4, where the beam consolidation/selection is performed between L1 and L3 filtering so that L1 filtering is performed per gNB beam detected by UE and then L3 filtering is performed per cell.
· The complexity of this option is between Option 1 and Option 3.
· Both IDLE and CONNECTED UEs could derive a cell quality based on the same method, i.e., consolidating the beam quality outputs of L1 filters,  based on the RRC configuration.
· This option is based on the L1 filtering per detected gNB beam so that the output of the L1 filter can be used for the initial beam assignment regardless of N=1 or more than one.

• Option 3: Beam consolidation/selection after L3 filter


Figure 5 Beam consolidation/selection after L3 filter
Option 3 is illustrated in Fig. 5, where the beam consolidation/selection is performed after L3 filtering so that both L1 and L3 filtering are performed per detected gNB beam.
· This option has the highest complexity since both L1 and L3 filters should be maintained for a number of detected gNB beams.
· To perform L3 filtering, a UE should receive the RRC configuration from the gNB which is feasible for the UE in CONNECTED mode. However, for the UE in IDLE mode does not have the RRC configuration related to the measurements, this option is not suitable for the UE in IDLE.
· This option is based on the L1/L3 filtering per detected gNB beam so that the output of the L1 filter or L3 filter could be used for the initial beam assignment.

Table 2 Comparison among the filtering options
	
	Initial beam alignment
	Commonality between different UE modes
	Complexity

	(1) Before L1 filter
	Do not support for N>1 (−)
Support for N =1 (+)
	Yes (+)
	Low (+)

	(2) Between L1 and L3 filters
	Support regardless of N ≥ 1 (+)
	Yes (+)
	Middle

	(3) After L3 filter
	Support regardless of N ≥ 1 (+)
	No (−)
	High (−)



Proposal 3a: 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. 
Proposal3b: RRC configured L3 filtering shall be further applied to the cell quality at the output of the beam consolidation/selection module.
Conclusions
Observation 1: Selection of best UE Rx beam to determine the beam pair of gNB Tx beam and UE Rx beam is UE implementation aspect.
Proposal 1a: For the measurement model in NR, the L1 filter can be assumed to be UE implementation specific including the input sample rate, filter characteristics and the output rate (confirm with RAN1/RAN4).
Proposal 1b: For the measurement model in NR, the input to the L1 filter shall be the signal quality (i.e., RSRP or RSRQ) corresponding to one or more gNB beams detected by the UE.
Proposal 2: The measurement model in NR shall consist of the followings.
· L1 filter (UE implementation specific) and L3 filter (RRC configured)
· A RRC configured beam consolidation/selection module that derives a cell quality from one or more gNB beam quality
· The evaluation module of reporting criteria is RRC configured
Proposal 3a: 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.
Proposal 3b: RRC configured L3 filtering shall be further applied to the cell quality at the output of the beam consolidation/selection module.
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