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Introduction
In the last RAN2 #95bis meeting, we discussed the mobility with RRC involvement and made some agreements as follows.

	Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO.
· Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO pong-pongs/HO failures.
· FFS: whether UE reports individual and/or combined quality of multiple beams.
…
3. Study how to derive a cell quality based on measurements from individual beams.



	Agreements:
1. For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam).
· FFS how to combine beam measurements to a cell level signal quality.



The mobility with RRC involvement mainly occurs when a UE moves between cells. As a result, a method for deriving a cell quality based on measurements from individual beams should be studied. In this context, we will tackle the following issues to make further progress of this discussion.
· Design principles of RRM measurement
· Which beams are considered to derive a cell quality for RRM measurement?
· If more than 1 beam is considered for RRM measurement, how is a cell quality calculated from individual beams?
Discussion
  Design principle of RRM measurement
In NR, it is expected that a gNB is equipped with one or more beams for Tx and Rx of data and control signals. Moreover, it is also possible that neighbor gNBs have different beam configurations (e.g., the number of beams) from a serving gNB. If a UE’s operation for RRM measurement is differently designed for each gNB that has a different beam configuration from others, it makes the operation complex and increases RRC signaling overhead to configure the RRM measurement. Therefore, we believe that RRM measurement should be performed based on a common framework regardless of a target of measurements (e.g., serving or neighbor gNB) and their beam configurations.

It is also desirable that the above principle is applied to a UE side. For example, some UEs are equipped with multiple Tx and Rx beams while others are equipped with an omni-directional beam. Although a cell quality depends on a UE’s beam configuration, a gNB does not need to care about it if the UE consistently uses the same rule to evaluate cells. Therefore, we believe that a common RRM measurement framework should be applicable to UEs that have different beam configurations.

Proposal 1: RRM measurement should be performed based on a common framework regardless of a target of measurements (e.g., serving or neighbor gNB) and their beam configurations (e.g., number of beams).
Proposal 2: A common RRM measurement framework should be applicable to UEs that have different beam configurations.

  Issue 1: If a gNB is equipped with multiple beams, which beams are considered to derive a cell quality?

If a gNB is equipped with only one beam like LTE, it is not necessary to discuss this issue. However, if a gNB is equipped with multiple beams, we have the following options.

Option 1a) Cell quality derivation considering a single beam

If a UE uses this option, it selects one beam (e.g., 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 [1][3]. This phenomenon will be severer if beam width is narrower. As a result, the frequency of ping-pong handover can increase, as verified in [1].

Option 1b) Cell quality derivation considering all detected beams

If this option is used, a UE derives a cell quality from the quality of all detected beams. 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 1a, because the RRM measurement based on all detected beams at the UE is equivalent to that based on an omni-directional beam like LTE.

However, by virtue of L1/L2 beam management, a gNB may use a set of beams, instead of all detected beams, for data scheduling. Consequently, 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 1c) Cell quality derivation considering a set of beams

In this option, a UE selects a set of beams that are used for RRM measurement among all detected beams [1][2]. Some examples of how this beam set is selected are described as follows.
· Beams whose RSRP is greater than a given threshold
· A given number of beams whose RSRP is greater than others
Note that if a gNB sets the size of a beam set to one, this option is the same as Option 1a. Moreover, if a gNB does not restrict the size of a beam set, it can be interpreted as Option 1b.

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 [1]. In this context, Option 1c can be a better choice than Option 1a. 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 RRM measurement design is somewhat aligned with the philosophy of L1/L2 beam management, its result can represent well the quality that a UE experiences in that cell.

Proposal 3: A gNB should be able to configure how a UE selects a set of beams to be used for RRM measurement. This beam set can be configured as, for instance, a single beam, multiple beams, or all detected beams.

  Issue 2: If more than 1 beam at a gNB is considered for RRM measurement, how is a cell quality calculated from individual beams?

To discuss this issue, we assume that RRM measurement is performed using N beams of a gNB. We use the following notations.
· RCell : Cell quality derived from N beams
· RBeam,i : Quality (e.g., RSRP) of beam i measured by a UE
· RBeam,Si : Quality of the i-th strongest beam measured by a UE

Option 2a) Cell quality derivation using linear summation



Since a cell is covered by a number of beams, this option of adding RSRPs of beams can reasonably derive a cell quality. A drawback is that it may overestimate a cell quality if a gNB uses only one beam to serve a UE.

Option 2b) Cell quality derivation using linear averaging



This option based on linear averaging may underestimate a cell quality, especially when a UE observes one very strong LOS beam and several weak NLOS beams.

Option 2c) Cell quality derivation using weighted summation



As previously explained, RBeam,Si denotes the quality of the i-th strongest beam. By using a weighted factor denoted by wi, several options can be realized.
· If wi = 1 for all beams, Option 2c is the same as Option 2a.
· If wi = 1/N for all beams, Option 2c is the same as Option 2b.
In addition, if a higher value of wi is configured for a stronger beam, for instance, (w1, w2, w3, w4) = (0.7, 0.3, 0, 0), the derived cell quality becomes closer to the quality of the strongest beam so that the drawbacks of Options 2a and 2b can be avoided.

Proposal 4: A gNB should be able to configure how a UE combines the quality of multiple beams to derive a cell quality.
Proposal 5: As a method of deriving a cell quality, a UE should use the weighted summation of the quality of individual beams with a set of coefficients configured by a gNB. How to determine these coefficients is FFS.
Conclusions
Proposal 1: RRM measurement should be performed based on a common framework regardless of a target of measurements (e.g., serving or neighbor gNB) and their beam configurations (e.g., number of beams).
Proposal 2: A common RRM measurement framework should be applicable to UEs that have different beam configurations.
Proposal 3: A gNB should be able to configure how a UE selects a set of beams to be used for RRM measurement. This beam set can be configured as, for instance, a single beam, multiple beams, or all detected beams.
Proposal 4: A gNB should be able to configure how a UE combines the quality of multiple beams to derive a cell quality.
Proposal 5: As a method of deriving a cell quality, a UE should use the weighted summation of the quality of individual beams with a set of coefficients configured by a gNB. How to determine these coefficients is FFS.
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