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Introduction
In the last RAN2 #97bis meeting, we discussed how to derive cell quality for the purpose of supporting cell level mobility and made the following agreements.

	Agreements:
1. 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.
2. The L1 filters signal quality corresponding to gNB beams detected by the UE.
3. 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)



To complete the discussion on the overall procedure of the RRM measurements in NR, we should consider the highlighted FFS, which means whether additional filtering needs to be applied to the output of Step (a) before deriving the cell quality in Step (b).
Discussion
The RRM measurement model that has been agreed until the last RAN2 #97bis meeting is shown in Fig. 1.




Figure 1 RRM measurement model in NR (agreed until RAN2 #97bis)
As shown in Fig. 1, two different types of filters (i.e., 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. Then, the remaining issue on the RRM measurement modeling is whether any additional filter needs to be applied to the output of the L1 filter before deriving the cell quality in the beam consolidation/selection module. To discuss this issue, the following aspects should be considered.
· Impact of additional filtering on the output value
· NR operational frequency
· Transmission periodicity of reference signals

Impact of additional filtering on the output value

As specified in TS 36.331 [2], the LTE UE performs L3 filtering based on the weighted summation as follows.

	Fn = (1 – a)Fn–1 + aMn, where

· Mn is the latest received measurement result from the physical layer;
· Fn is the updated filtered measurement result;
· Fn–1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and 
· a = 1/2(k/4), where k is the filter coefficient.



The filtering operation is useful to alleviate channel fluctuation that the UE experiences due to shadowing and fast fading. To investigate the impact of additional filtering on the filter’s output value, we herein assume that the same filter as the L3 filter in LTE is consecutively used. We then observe the relationship between the latest measurement result from the physical layer and the final output of the filtering.

Let Xn and Yn denote the latest measurement result from the physical layer and the output of the first filter, respectively. Moreover, let α and subscript n denote the filtering coefficient and the time index, respectively. Then, Yn for n = 1, 2, and 3 can be expressed as follows.

	Y1
	=  X1


	Y2
	=  αX2 + (1 – α)Y1
=  αX2 + (1 – α)X1


	Y3
	=  αX3 + (1 – α)Y2
=  αX3 + α(1 – α)X2 + (1 – α)2X1



Furthermore, let Zn and β denote the output of the second filter, where the output of the first filter (i.e., Yn) is additionally applied to the second filter, and the filtering coefficient, respectively. Then, Zn for n = 1, 2, and 3 can be expressed as follows.

	Z1
	=  Y1
=  X1


	Z2
	=  βY2 + (1 – β)Z1
=  αβX2 + {(1 – α)β + (1 – β)}X1
=  αβX2 + (1 – αβ)X1


	Z3
	=  βY3 + (1 – β)Z2
=  αβX3 + {α(1 – α)β + αβ(1 – β)}X2 + {(1 – α)2β + (1 – α)β(1 – β) + (1 – β)2}X3
=  αβX3 + {αβ(2 – α – β)}X2 + {αβ(–3 + α + β)}X3




It should be noted that the output of the first filter (i.e., Yn) for n > 1 always includes αXn while the output of the second filter (i.e., Zn) for n > 1 always includes αβXn, where Xn represents the latest measurement result. Since both α and β are less than 1, it means that the use of an additional filter (e.g., the second filter) reduces the weight that is applied to the latest measurement result (i.e., Xn) while the summation of all the weights is always equal to 1. It can be interpreted in a way that the latest measurement result is less reflected on the filter’s output value if any additional filter is used.

Observation 1: The use of an additional filter reduces the weight that is applied to the latest measurement result. It can be interpreted in a way that the latest measurement result is less reflected on the filter’s output value.

NR operational frequency

It is known that NR supports the frequency bands below 6 GHz and above 6 GHz. From the perspective of RRM measurements, we can consider the following two cases.
1 NR in the lower frequency bands than 6 GHz
· In this case, an additional filter beyond the L1 and L3 filters may not be required since the RRM measurement model in LTE, which also operates in the same frequency bands, only consists of the L1 and L3 filters and no serious problem of this model in terms of handover performance has been reported.

2 NR in the higher frequency bands than 6 GHz
· It is known that the wireless signal in the higher frequency bands is more fragile than that in the lower frequency bands so that its quality can change drastically due to the UE’s mobility, rotation, or blockage. It should be noted that the filtering operation should provide a reliable metric that can be used to initiate cell-level mobility while reducing the effect of shadowing and fast fading. Moreover, the actual cell quality that the UE may experience in that cell should be well reflected on the output of the filtering.
· If more filters are applied to the wireless signal whose quality can change drastically like the mmWave signal, the output of the filtering cannot reflect the actual cell quality that the UE may experience in that cell. This is due to the fact that the latest measurement result is less considered, as Observation 1.
· In this context, we can say that using an additional filter beyond the L1 and L3 filters is not suitable for the NR in the higher frequency bands.

Observation 2: For the lower frequency NR, we have no reason to change the filtering operation in LTE, which only relies on the L1 and L3 filters.

Observation 3: For the higher frequency NR, where signal quality can change drastically, the use of an additional filtering beyond the L1 and L3 filters cannot reflect the actual cell quality that the UE may experience in that cell.

Transmission periodicity of reference signals

In the last RAN1 #88bis meeting, the following agreements were made in regard to the periodicity of SS, which can be used for the RRM measurements in NR.

	Agreements [3]
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone cases
· {5, 10, 20, 40, 80, 160} ms…

Agreements [4]
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements…



As described in the agreements, the periodicity of SS can be [5, 160] ms. Compared to the CRS transmission in LTE, where CRS is transmitted in every subframe, the NR gNB transmits the RS for RRM measurements much less frequently. Furthermore, if we consider the beam sweeping performed by the UE with multiple Rx beams, the actual time interval in which the UE obtains a meaningful measurement sample can become even longer than the periodicity of SS.

In the situation where the measurement opportunities are sparse, if an additional filter beyond the L1 and L3 filters is used, it is expected that the output of the filtering is updated more slowly and that the gap between the actual cell quality and the filter’s output becomes larger.

Observation 4: If an additional filter beyond the L1 and L3 filters is used under the situation where the RS for RRM measurement is transmitted sparsely and the UE receives the RS by beam sweeping, the output of the filtering is updated more slowly and the gap between the actual cell quality and the filter’s output becomes larger.

Proposal: To derive the cell quality in NR, any additional filtering beyond the L1 and L3 filters is not required to be considered.
Conclusions
Observation 1: The use of an additional filter reduces the weight that is applied to the latest measurement result. It can be interpreted in a way that the latest measurement result is less reflected on the filter’s output value.

Observation 2: For the lower frequency NR, we have no reason to change the filtering operation in LTE, which only relies on the L1 and L3 filters.

Observation 3: For the higher frequency NR, where signal quality can change drastically, the use of an additional filtering beyond the L1 and L3 filters cannot reflect the actual cell quality that the UE may experience in that cell.

Observation 4: If an additional filter beyond the L1 and L3 filters is used under the situation where the RS for RRM measurement is transmitted sparsely and the UE receives the RS by beam sweeping, the output of the filtering is updated more slowly and the gap between the actual cell quality and the filter’s output becomes larger.

Proposal: To derive the cell quality in NR, any additional filtering beyond the L1 and L3 filters is not required to be considered.
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