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Introduction
In the last RAN2 #96 meeting, we discussed RRM measurement to support cell-level mobility with RRC involvement. One of the issues we discussed was how to derive a cell quality from the measurements of individual beams [1][2][3] and we made the following agreements.

	Agreements for connected active
1. RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configuration (e.g., number of beams) and the UE beam configuration.
· FFS: Which beams the UE selects from the detected beams in order to derive a cell quality. Options to be studied:
(a) Best beam
(b) N-best beams
(c) All detected beams
(d) Beams above a threshold
Other options are not precluded.



In this contribution, we will review the properties of each option in the above agreements. In addition, we will propose an issue that we should consider to make further progress in developing a way of cell quality derivation in NR.
Properties of Possible Options
In NR, it is expected that a gNB and/or a UE are equipped with one or more beams for Tx and Rx of data and control signals. Accordingly, except the case where both of a gNB and a UE have only one beam, a UE receives and measures a reference signal for RRM measurement per beam pair (i.e., gNB’s Tx beam and UE’s Rx beam). As a result, the UE can have multiple options of deriving a cell quality from the measurements of individual gNB’s beams, for instance, the cell quality derivation based on the best beam, all detected beams or a set of beams (e.g., N-best beams or beams above a threshold). We herein discuss the properties of each option as follows.

· Option 1: Cell quality derivation based on the best beam
If a UE uses this option, it selects one beam (i.e., the one with the highest RSRP) of a gNB within a given time interval and performs L1/L3 filtering using the quality of the selected beam to derive a cell quality. Note that the selected beam can change at each time interval according to the UE’s beam measurement results.

If we assume that a gNB typically uses the strongest beam to communicate with a UE, this option may represent well the quality that the UE experiences in that cell. However, the cell quality derived by the UE may be fluctuated significantly because a beam only covers a small portion of a cell [3][4]. This phenomenon will be severer if beam width is narrower. As a result, the frequency of ping-pong handover can be increased, as observed in [4].

· Option 2: Cell quality derivation based on all detected beams
If this option is used, a UE derives a cell quality from the quality of all detected beams, in which the summation or average of the qualities of all detected beams can be used for L1/L3 filtering. Accordingly, a separate procedure that selects a beam (or multiple beams) to be used for RRM measurement is not required. Moreover, ping-pong handover may happen less frequently than Option 1, because the RRM measurement based on all detected beams is equivalent to that based on an omni-directional beam like LTE from the UE perspective.

However, by virtue of L1/L2 beam management, a gNB may use a set of beams, instead of all detected beams, for data scheduling. So, the RRM measurement result with this option can be largely different from the quality that the UE experiences in that cell. Furthermore, depending on a L1/L3 filtering procedure, handling all detected beams can be burdensome to the UE, especially when the number of beams at the gNB is large.

· Option 3: Cell quality derivation based on a set of beams (e.g., N-best beams or beams above a threshold)
In this option, a UE selects a set of beams that are used for RRM measurement among all detected beams. Some examples of how these beams are selected are described as follows.
· A given number of beams whose RSRP is greater than others (i.e., N-best beams)
· Beams whose RSRP is greater than a given threshold
Note that if a gNB sets the number of these beams to one, this option is the same as Option 1. Moreover, if that number is not restricted, it can be interpreted as Option 2.

It was shown that the RRM measurement based on multiple beams outperforms that based on a single beam in terms of the frequency of ping-pong handover [4]. In addition, RAN1 discussion on L1/L2 beam management is ongoing, in which a set of gNB/UE beams are kept track of for data scheduling. If the RRM measurement design in L3 is somewhat aligned with the philosophy of the L1/L2 beam management, its result can represent well the quality that a UE experiences in that cell.

Table 1 shows the comparison of these options in a qualitative manner.

Table 1 Comparison of Options 1/2/3
	
	Option 1
	Option 2
	Option 3

	Method
	Best beam
	All detected beams
	Set of beams

	Configuration
	Not needed
	Not needed
	Number of beams or RSRP threshold

	Frequency of ping-pong handover
	Higher than Options 2/3
	Lower than Option 1
	Lower than Option 1

	Closeness between RRM measurement result and data Tx/Rx performance
	Depending on the data transmission and reception schemes at gNB and UE 



Conclusion: RAN2 is required to further analyze the pros and cons of the identified options for deriving cell quality from the measurements of individual beams.
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