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1  Introduction
In the last RAN2 #97bis meeting, we discussed how to derive a cell quality in NR and made the following agreements.
	Agreements
1. The measurement model (applicable for both multi-beam and single beam case) in NR shall consist of the following:
(a) L1 filtering of beam measurements
FFS: Whether there is any additional specified filtering of the beam measurements
(b) Derivation of cell quality from one or more gNB beam quality
(c) L3 filter (RRC configured) of cell quality
(d) Evaluation reporting criteria (RRC configured)



	Agreements
1. Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS.



To progress the discussion on the cell quality derivation, the following aspects should be further clarified.
· The necessity of cell quality derivation from “good” beams
· How to select good beams?
· How to calculate a cell quality based on good beams?
Please note that these issues were already presented during the last meeting [1][2]. In addition, the offline discussion was also conducted. However, no agreements were made since the preference of each company was not converged. For the purposes of (i) brining up these issues again in the RAN2 #98 meeting and (ii) clarifying our preference, we propose the following operations for the cell quality derivation in Section 2.


2  Discussion
The RRM measurement model that was agreed in the last RAN2 #97bis meeting is shown in Fig. 1.


Figure 1 RRM measurement model in NR (agreed in RAN2 #97bis)
As shown in Fig. 1, L1 and L3 filters are used to derive a metric that is used for event evaluation. Note that the L1 filter depends on UE implementation and the L3 filter is controlled by the RRC layer. Moreover, the output of the L1 filter is used to derive a cell quality through the beam consolidation/selection module. Although such an overall procedure of the RRM measurement has been clarified, further discussion on the operation of the beam consolidation/selection module should be required. We will discuss this issue from the following perspectives.
(1) The necessity of cell quality derivation from “good” beams
As we discussed in the RAN2 #97 meeting, whether to only consider beams above a threshold, which is called “good” beams, was captured as FFS. However, we have not made any conclusion on this issue although it directly affects not only the UE operation but also the resultant value of a cell quality. As proposed in our previous contribution [X], we still believe that a cell quality should be derived only from a set of good beams. To justify such a proposal, we now investigate Figs. 1a and 1b.
First of all, Fig. 1a illustrates the following situation.
· A UE detects two beams of a gNB. In other words, the RSRPs of them are greater than a pre-defined detection threshold.
· The RSRP of gNB beam 1 is similar to that of gNB beam 2 due to e.g., the location of a UE.


Figure 1a RSRP of gNB beam 1 is comparable with that of gNB beam 2
In this case, the gNB can transmit/receive data by using beam 1 or beam 2 depending on instantaneous channel condition and the L1/L2 beam management procedure. As a result, deriving the quality of this cell from these two gNB beams is reasonable.
Next, Fig. 1b illustrates the following situation.
· A UE detects two beams of a gNB whose RSRPs are greater than a pre-defined detection threshold.
· The RSRP of gNB beam 1 is much higher than that of gNB beam 2.


Figure 1b RSRP of gNB beam 1 is much higher than that of gNB beam 2
In this case, although an exact operation depends on the scheduler at the gNB, it is highly probable that the gNB uses beam 1, instead of beam 2, to transmit/receive data to/from the UE. If the quality of beam 2 is too poor to be used for data scheduling, beam 2 should not be considered to derive the quality of this cell. Otherwise, the resultant cell quality will be underestimated by the beam that is detected but will be rarely used.
Observation 1: We should avoid the situation where the output of the cell quality derivation is underestimated by the beam that is detected but will be rarely used due to its low quality.
Proposal 1: The UE should derive a cell quality only from the measurement results of “good” beams.
(2) How to select good beams?
If the necessity of the good beam concept is agreed, the next issue is how to select it. A set of good beams that are used to derive a cell quality can be selected by the following two methods, which is also shown in Fig. 2.
1 Method 1: Absolute threshold
· A set of gNB beams whose RSRPs are greater than a pre-defined threshold (i.e., RSRP > threshold)
2 Method 2: Relative offset
· A set of beams whose RSRP are not offset worse than the best beam’s RSRP (i.e., RSRPbest – offset < RSRP < RSRPbest)


Figure 2 Selection of good beams based on (a) absolute threshold and (b) relative offset
If method 1 is used, the gNB is required to configure the absolute threshold and the UE simply compares the beam measurement results with the threshold. Although this operation seems straightforward, there are some drawbacks as follows.
· If the absolute threshold is set to a very high value, nothing will be derived as a cell quality. Such a result should be avoided.
· If the absolute threshold is set to a very low value, using the good beam concept will be less meaningful. In other words, the cell quality will be largely underestimated by the beam that is detected but will be rarely used.
If method 2 is used, the gNB is required to configure the relative offset and the UE selects the beams whose RSRPs are within the range of [RSRPbest – offset, RSRPbest]. Compared with method 1, this method is beneficial from the following perspectives.
· Regardless of the offset value, the best beam is always considered as a good beam of the gNB. As a result, the situation where nothing is derived as a cell quality, which is observed in method 1, can be avoided.
· If the relative offset is used to select good beams, the variance in the RSRPs of the selected beams can be smaller compared with the case where the absolute threshold is used. This fact can avoid the problem of underestimating the cell quality, which is observed in method 1.
· Configuring the relative offset in method 2 can be easier than configuring the absolute threshold in method 1, since the relative offset can be less sensitive to antenna configuration, cell size, deployment scenarios, etc. than the absolute threshold.
Proposal 2: The good beams should be defined based on the following criterion using the relative offset.
· A set of beams whose RSRPs are not offset worse than the best beam’s RSRP
(RSRPbest – offset < RSRP < RSRPbest)
Proposal 3: The UE should be configured with the relative offset by the gNB in order to determine the good beams.
(3) How to calculate a cell quality based on good beams?
If a set of good beams are selected, the next issue is how to calculate a cell quality based on the measurement results of the good beams. It is already agreed that averaging is used for this purpose. More specifically, two methods, linear averaging and weighted averaging, can be considered, as shown in Fig. 3.


Figure 3 Calculation of cell quality based on (a) linear averaging and (b) weighted averaging
We first discuss whether the weighted averaging is useful or not.
· The intention of the weighted averaging is to derive a more sophisticated cell quality, for instance, by assigning a higher weight to a stronger beam and a lower weight to a weaker beam. It can be seen as a reasonable approach since the probability of using a stronger beam for data scheduling is higher. However, it is not clear how to determine a set of weighting factors.
· If good beams are selected based on method 2 that uses the relative offset, the quality of the good beams are close to each other, that is, they are within [RSRPbest – offset, RSRPbest]. In this case, the resultant value of the weighted averaging is not much different from that of the linear averaging. This aspect reduces the merit of the weighted averaging.
Compared with the weighted averaging, the linear averaging does not require additional information other than the measurement results and it is definitely simple. In this context, we prefer to use the linear averaging of the quality of the good beams for the cell quality derivation in NR.
Proposal 4: For the purpose of deriving a cell quality, the UE should apply the linear averaging to the measurement results of the good beams.
3  Conclusions
Observation 1: We should avoid the situation where the output of the cell quality derivation is underestimated by the beam that is detected but will be rarely used due to its low quality.
Proposal 1: The UE should derive a cell quality only from the measurement results of “good” beams.
Proposal 2: The good beams should be defined based on the following criterion using the relative offset.
· A set of beams whose RSRPs are not offset worse than the best beam’s RSRP
(RSRPbest – offset < RSRP < RSRPbest)
Proposal 3: The UE should be configured with the relative offset by the gNB in order to determine the good beams.
Proposal 4: For the purpose of deriving a cell quality, the UE should apply the linear averaging to the measurement results of the good beams.
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