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1 Introduction
For NR RRC connected UE, following agreements have been achieved on RRM filtering and cell quality derivation: 

In RAN2#98, power values based averaging method and filtering model was agreed [1]:
Agreements for combining of beam measurements if N > 1:

1
Averaging will be based on power values (i.e. not dBm values)

Working assumption: Average of up to best N of the detected beams above absolute threshold

Agreements
1
There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.

2
There is no additional specified filter between the L1 filters and cell quality derivation function for the purposes of cell quality derivation

3
Same NR measurement model is applicable for measurements performed on CSI-RS or NR-SS.

In RAN2 NR Ad Hoc#2, averaging up to N best beams above an absolute threshold was agreed [2]: 
Agreement

1
Cell quality should be derived by averaging the best beam with the up to N-1 best beams above absolute configured threshold.

In RAN2#99, per carrier frequency configuration of N and threshold was decided [3]: 

Agreements

1:
Independent N and independent threshold should be configured per carrier frequency in the MeasObject for NR-SS based and CSI-RS based L3 mobility. (This agreement does not have any implication on the number of CSI-RS resources that can be configured per cell)

In RAN2#100, further agreements on filter coefficients achieved [4]: 
Agreements

1
Different filter coefficients can be configured for different measurement quantities, for different RS types, and for cell and beam measurements.

However, for idle UE, no more discussion after following agreements achieved in RAN2#97 meeting [5]:
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)

This contribution will address these open issues on cell quality derivation for idle UE, including the filtering model as well as cell quality calculation for cell selection and reselection. 
2 Discussion 
2.1 Filtering model
Following measurement model was agreed for connected UE in RAN2 Qingdao Ad Hoc meeting, and the configuration of the layer 3 filters is provided by RRC signalling [6]：
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Figure 1 Measurement model for connected UE
Obviously, reusing the connected RRM model for idle UE could reduce the UE’s implementation complexity, and it is reasonable to reuse the model as much as possible.
In LTE, the RRM measurement for idle mode UE is up to UE’s implementation, hence there is no L3 filtering and only L1 filtering is required. In our opinion, for NR idle UE, the applied filtering could be similar to LTE, where also only L1 filtering is used. 

Therefore, we propose to adopt following measurement model in figure 2 for NR idle UE, which reuses the model for connected UE as far as possible while only L1 filtering required: 
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Figure 2 Measurement model for idle UE

Proposal 1: Adopt the measurement model in figure 2 for NR idle UE.
2.2 Cell quality derivation for cell reselection

During handover procedure, to select a stable target cell for UE, N best beams above a configured absolute threshold are used to derive the cell quality, and the threshold and N are configured per carrier frequency. 
Similarly, the threshold is also necessary to eliminate bad beams for idle UE. Otherwise, the quality of cells with some bad beams will be underestimated. Furthermore, to keep the common framework for idle and connected states, and to reduce the complexity of UE’s realization, N best beams above an absolute threshold could also be used as a baseline to derive cell quality for cell reselection.
Observation1: N best beams above an absolute threshold could be used as a baseline to derive cell quality for cell reselection.

However, one potential problem for idle case is that, for cells with different number of good beams, the averaging value of up to N best beams could not reflect the cells’ actual quality. Following table 1 gives an example of three neighbouring cells working on the same carrier frequency, and even configured with same number of beams. UE can detect 5 good beams from cell 1 and 3 good beams from cell2, and only one good beam from cell3: 

Table1. Neighbouring cells’ quality with different number of good beams
	Neighbouring cells working on the same frequency and configured with same number of beams
	Cell1 with 5 good  beams
	Cell2 with 3 good beams
	Cell3 with 1 good beam

	Detected good beams’ quality above the threshold
-110dBm (10-11mw) 
	-95dBm(31.6*10-11mw)
-100dBm(10*10-11mw)
-100dBm(10*10-11mw)
-108dBm(1.58*10-11mw)
-108dBm(1.58*10-11mw)
	-95dBm(31.6*10-11mw)
-100dBm(10*10-11mw)
-105dBm(3.16*10-11mw)
	-105dBm(3.16*10-11mw)

	Cell quality with N=5
	10.952*10-11mw
	14.92*10-11mw
	3.16*10-11mw

	Cell quality with N=4
	13.295*10-11mw
	14.92*10-11mw
	3.16*10-11mw

	Cell quality with N=3
	17.2*10-11mw
	14.92*10-11mw
	3.16*10-11mw

	Cell quality with N=2
	20.8*10-11mw
	20.8*10-11mw
	3.16*10-11mw

	Cell quality with N=1
	31.6*10-11mw
	31.6*10-11mw
	3.16*10-11mw


As showed in table1, for cases N=5 and N=4, cell2’s quality is the best, and when N equals 3, 2 and 1, the best cell is cell1. However, actually cell1 has more good beams than cell2, and hence it is more stable for UE to reselect to cell1. But cell 1’s quality is degraded by two beams with quality of -108dBm. 
For connected UE, since the network could configure UE to report beams’ quality, gNB could choose proper potential target cell according to cell’s quality and beams’ quality together. But for idle UE, if only averaging N best beams is used to derive cell quality, UE may not reselect to the proper cell with more stable beams. So the actual number of good beams should also be considered for cell reselection.
Proposal 2: The number of actual good beams should be considered for cell reselection.

Following are potential methods to consider the number of good beams:
Option1: Liner average of N best beams + K*Delta1. 

Option2: Liner average of N best beams + (K-N)*Delta2.
K is the actual number of good beams above the threshold, Delta is the basic offset added by per good beam. 

For both option 1 and option 2, the more the number of good beams, the more the offset added to the cell quality. 
The difference lies in that, for option 2, when K>N, positive offset will be added, whereas negative offset will be added when K<N, which means that when the number of good beams UE detects from one cell is not enough, the cell quality will be degraded. Especially, when K=N, no offset will be added by option2, but for option1, still K*Delta1will be added, which is not so align with the actual situation. 
Therefore, RAN2 is kindly asked to discuss above potential options considering the actual number of good beams for idle UE cell quality derivation. And we prefer to adopt option2, which is more aligned with actual situation.

Proposal 3: RAN2 is kindly asked to discuss potential options considering the actual number of good beams for idle UE cell quality derivation.
2.3 Cell quality derivation for cell selection

For cell selection, if the method of N best beams above configured absolute threshold is also used to derive cell quality, the value of N and threshold need to be transmitted in SIB. Another issue is that some time will be needed to derive the cell quality by averaging measurement results of N beams. 

Considering the purpose of cell selection is to find a suitable cell as soon as possible, and in LTE it’s up to UE’s implementation, we think the behaviour of NR idle UE could align with that of LTE. Therefore, 
Proposal 4: Cell quality derivation for cell selection is up to UE implementation.
3 Conclusions
According to above analysis, we made following proposals:

Proposal 1: Adopt the measurement model in figure 2 for NR idle UE.
Proposal 2: The number of actual good beams should be considered for cell reselection.

Proposal 3: RAN2 is kindly asked to discuss potential options considering the actual number of good beams for idle UE cell quality derivation.

Proposal 4: Cell quality derivation for cell selection is up to UE implementation.
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