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1 Introduction

During RAN2#96, the following agreements have been made for RRM measurement in connected-active.
Agreements for connected active

1: 
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.

FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied:

a/ best beam, 


b/ N best beams, 


c/ all detected beams


d/ beams above a threshold.


Other options are not precluded
From the above, the following observation can be derived:
Observation 1: Common RRM measurement is required for cell quality regardless of beam configuration of network and UE.

In this contribution, we would like to address how to derive cell quality regardless of beam configurations of network and UE. Furthermore, we will also handle the FFS regarding how many beams and what operation is necessary for RRM measurement to derive cell quality.
2 Discussion
2.1 Theoretical hypothesis
From the observation 1, RRM measurement result of cell quality should be the same even if NW and UE have different beam configurations (e.g. Omni-directional antenna or several wide beams or many narrow beams).
In Figure 1, we illustrate the cases of NW and UE have an omni-directional antenna (a) and beamforming antenna. (b). 
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Figure 1 (a) NW and UE have an omni-directional antenna
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Figure 1 (b) NW and UE have a beamforming antenna
The case (a) represents NW and UE have omni-directional antenna. In this case, the received power of UE is simply derived by
Prx = Ptx * Pathloss (in linear scale)
where Prx is the measured cell quality from UE point of view. 
In case of (b), it is assuming that NW and UE have their beamforming antenna with no beamforming gain, in the energy wise, Σ Prx_ij ~ Prx with Tx beam index i and Rx beam index j. It means that if there is no beamforming gain, beam sweeping is just spatial (or time) division of energy from omni-directional Tx/Rx antenna.
Therefore, to derive effective RRM measurement result regardless of beamforming effect, cell quality should be derived from power sum of all beams’ combination, which is ideally same as power of omni-directional antenna plus beamforming gain.
Observation 2: In the energy wise, beam sweeping without beamforming gain is just spatial or time division of the energy from omni-directional Tx/Rx antenna. The power sum of all beams’ combination is ideally same as the power from omni-directional antenna plus beamforming gain.

2.2 Simulation Results
To evaluate the above observations in the hypothesis, we perform the ray-tracing simulation. The detail of simulation assumptions and geographical trajectory is shown in Annex A. 
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Figure 2. Received power (RSRP) in the trajectory (Tx beamforming with 21dBi gain, Rx is omni-directional antenna)

In the Figure 2, RSRP values of cell quality derived from various options are presented. We assume 60km/h UE speed, 0-5sec observation time and L1/L3 filtering is applied as in LTE. The energy of the power sum of all detected beams (black line) is almost equal to the energy of power of omni-directional antenna plus 21 dB (Green line). The only difference is power fluctuation due to beam shape of Tx beamforming effect. The power sum of 4 best beams is slightly less than the power sum of all detected beams around 1-4 dB, but it is also not much different with the case of omni-directional antenna plus 21 dB in energy wise because these 4 best beams represent well most of energy of all beams. In this beamforming configuration, 4 beams seem to be enough.
However, both the power of best beam (red line) and the averaged power of 4 best beams (cyan line) may not represent energy of all beams very well. The power difference between all beams and the best beam/4 best beams avg. seems to be large (up to 10dB). 
Observation 3: The energy of power sum of all beams or N best beams has a similar value of the energy of power of Omni-directional antenna plus 21 dB. It is well aligned with observation 2.
Observation 4: N in N best beams should be well configured to represent most of energy of all beams, but it has a dependency of beamforming configuration of NW and UE.
Observation 5: The energy of power of the  best beam or N best beams average has large difference from the energy of power of omni-directional antenna plus 21 dB.

In the simulation, we use only Tx beam with beam width in azimuth 18⁰ and elevation 10⁰. If Rx beamforming is applied and narrower beam is used, then the difference will be severe.
Observation 6: Cell quality derived from best beam or  N best beams average has an dependency of beamforming configuration of NW and UE.
From the above observations, RRM measurement for cell level mobility should be performed based on power sum of all detected beams because it represents the energy from all direction in a cell and it has no dependency of beamforming configuration of NW and UE.
Proposal 1: To avoid dependency of NW/UE beamforming configurations, cell quality of RRM measurement should be derived from power sum of all detected beams or N best beams.
Proposal 2: If cell quality of RRM measurement is derived from power sum of N best beams, N should be well configured by NW considering NW and UE beamforming characteristics.

Proposal 3: If cell quality of RRM measurement derived from best beam or N best beams average, the mechanism should be further studied to avoid dependency of NW/UE beamforming configurations.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible note on the followings:

Observation 1: Common RRM measurement is required for cell quality regardless of beam configuration of network and UE.

Observation 2: In the energy wise, beam sweeping without beamforming gain is just spatial or time division of the energy from omni-directional Tx/Rx antenna. The power sum of all beams’ combination is ideally same as the power from omni-directional antenna plus beamforming gain.

Observation 3: The energy of power sum of all beams or N best beams has a similar value of the energy of power of Omni-directional antenna plus 21 dB. It is well aligned with observation 2.

Observation 4: N in N best beams should be well configured to represent most of energy of all beams, but it has a dependency of beamforming configuration of NW and UE.
Observation 5: The energy of power of the  best beam or N best beams average has large difference from the energy of power of omni-directional antenna plus 21 dB.

Observation 6: Cell quality derived from best beam or  N best beams average has an dependency of beamforming configuration of NW and UE.

Proposal 1: To avoid dependency of NW/UE beamforming configurations, cell quality of RRM measurement should be derived from power sum of all detected beams or N best beams.
Proposal 2: If cell quality of RRM measurement is derived from power sum of N best beams, N should be well configured by NW considering NW and UE beamforming characteristics.

Proposal 3: If cell quality of RRM measurement derived from best beam or N best beams average, the mechanism should be further studied to avoid dependency of NW/UE beamforming configurations.
1. Annex A. Simulation Assumptions

2. Location : Wolpyeong-dong, Daejeon, Korea
3. Tx Beamforming parameters
A. Gain 21.14 dBi with beam width: (azimuth) 18⁰ (elevation) 10⁰
B. Tx Power : 35 dBm

4. UE Rx Beamforming : Omni-directional antenna
5. Beam power (dBm) = dBmf(Beamidx)
6. Beam power sum (dBm) = dBmf([image: image5.png]


)
A. idx : beam index

B. Beam : power of Beam (mW), 

C. n : number of beam

D. dBmf(x) = 10*log10(x)
7. UE speed = 60km/h

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

9. Geographical trajectory in the simulation
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