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1 Introduction

In RAN2#96 meeting, RAN2 made agreement for connective active as follows: 
- The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.
- RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
In this paper, we would like to discuss how to derive cell-level value with beam consolidation from multiple beam quality whose options were proposed in [1-2]. Some possible options will be listed and compared.
2 Discussion
2.1 Measurement Options for Consolidation
Due to the beamforming, especially in high frequency, measured power sample per each beam can be obtained. Based on this, cell level signal quality should be derived for mobility under a common framework. Combing with measurement operations such L1 filtering and L3 filtering, RAN2 needs to decide the relative location of beam consolidation to derive a representative value of each cell. More specifically, signal quality of each beam can be handled independently before consolidation. After consolidation, a single signal quality of the cell can be used. As described in [1], we could have the following three options:
· Option 1: Consolidation is performed before L1 filtering.
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· Option 2: Consolidation is performed between L1 filtering and L3 filtering.
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· Option 3: Consolidation is performed after L3 filtering.
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2.2 Evaluation Results
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Figure 1. Measured RSRP vs Measurement Options
The fundamental question is how much difference between those options being expected. In order to evaluate the measurement results, we perform a ray-tracing simulation with 3D modeling of downtown of Daejeon, Korea, as in [3]. We consider three beam consolidation rules: 1) best beam 2) power sum of 4 best beams 3) power sum of all beams. The results are derived from 60km/h UE speed in LoS environments. L3 filter coefficient k was assumed to be 4 (a=0.5, weight of latest received measurement results [4]). The detail of simulation assumptions and geographical trajectory are shown in Annex A.
In Figure 1, RSRP values derived from different measurement options are presented. As in [5], RSRP fluctuation called “beam bump” due to beam change is observed for all cases. However, severity of the beam bumping between measurement options is a little bit different at the beam edge (i.e, overlapped region between two beams). The figure shows that option 1 has the smallest fluctuation whereas other two options have at most 3 dB larger fluctuation. This means the beam consolidation before L1 filtering reduces beam bumping. 
Observation 1. Consolidation before L1 filtering brings the smallest beam bumping.
An additional noticeable observation in Figure 1 is that options 2 (marked by x) and 3 (dashed line) have almost same RSRP. This means that the location of consolidation seems to be independent of L3 filtering. 
Observation 2. Consolidation after L3 filtering has almost the same RSRP of consolidation between L1 filtering and L3 filtering.
2.3 Complexity
The other consideration is complexity, i.e., how many filtering operations are additionally increased due to the multiple beams, compared to LTE measurements [4]. In LTE, only one L1 filtering and one L3 filtering are required at each measurement period. To support beamforming in NR, at least beam consolidation operation is necessary to produce a representative value of each cell. 
As a result, we can easily see that option 1 is the simplest model to have the minimum set of arithmetic operation. The other options have more complexity on L1 filtering since each beam should be averaged independently by L1 filter. Even in option 3, the number of L3 filter should be the same as the number of beams. Therefore, in UE complexity perspective, option 1 should be the best choice in beamforming system.
Observation 3. Consolidation before L1 filtering brings the smallest complexity in arithmetic operation.
By considering both acquired RSRP and complexity, we propose that option 1 should be adopted in NR. Also, if option 1 is used, we could use same of LTE L1/L3 filtering block.
Proposal 1. Beam consolidation of RRM measurements to derive cell-level value should be performed before L1 filtering.
Proposal 2. L1/L3 filtering mechanism in LTE can be reused in NR.

3 Conclusion

Based on the discussion, we propose the following: 
Proposal 1. Beam consolidation of RRM measurements to derive cell-level value should be performed before L1 filtering.

Proposal 2. L1/L3 filtering mechanism in LTE can be reused in NR.
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Annex A. Simulation Assumptions 
1. Location : Wolpyeong-dong, Daejeon, Korea

2. Tx Beamforming parameters

A. Gain 21.14 dBi, Azimuth Degree :18⁰  Elevation Degree :10⁰
B. Tx Power : 35 dBm

3. UE Rx Beamforming : Omni

4. Beam power (dBm) = dBmf(Beamidx)

5. Beam power sum (dBm) = dBmf([image: image6.png]


)

A. idx : beam index

B. Beam : power of Beam (mW), 

C. n : number of beam

D. dBmf(x) = 10*log10(x)

6. UE speed = 60km/h

7. L1/L3 filtering : L1:10msec, L3:200msec

8. Geographical trajectory in the simulation
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