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1 Introduction
In this contribution, we provide simulation results and observations for the number of detected cells and beams according to the number of Tx beams and UE Rx beamforming operation.
2 Discussion
2.1 The number of detected cells and beams
Unlike LTE network, NR network considers analog beamformaing for gNB, and UE could consider analog beamforming or omni-directional Rx antenna depending on UE implementation. By UE Rx antenna types such as beamforming and omni-direction, signal and interference power experienced by the UE could be different. Therefore, the number of detected cells and beams for neighbor cells could be different. Figure 2~Figure 5 show the number of detected cells and beams under urban macro and indoor hotspot scenarios with 4GHz and 30GHz carrier frequencies. NR SLS is based on [1], and 32 and 3 Tx beams are considered for 30GHz and 4GHz carrier frequency range, respectively. We assume that one-shot detection is available when SINR is larger than -6dB since the synchronization signal for one-shot detection is designed by RAN1. The number of detected cells and beams is defined by following steps:
· Step 1: Collect UE which SINR of serving cell is larger than -6dB 

· Step 2: Calculate SINR of neighbor cell beams for Step 1 UEs. For Rx beamforming capable UEs, SINR is calculated by beam switching toward neighbor cell.
· Step 3: Count the number of beams which SINR for Step1 UEs is greater than -6dB. 
· Step 4: Count the number of cells is if one of beams for a neighbor cell is detected by the Step 1 UE.
      (The number of detected cells and beams exclude serving cell.)
Table 1 shows summary of average detected cells and beams for cell edge serving UEs (5~25%-tile SINR) for urban macro and indoor hotspot scenarios with 4GHz and 30GHz carrier frequencies. 

· Observation 1: Depending on carrier frequency ranges, the number of detected cells and beams is different due to the number of Tx beams and path loss property of carrier frequency. 
· Observation 2: Depending on UE Rx antenna type such as beamforming and omni-direction, the number of detected cells and beams for beamforming Rx antenna is larger than that for omni-directional Rx antenna.
Table 1 Summary of average detected cells and beams at 5~25%-tile SINR serving cell UEs
	Scenarios
	Urban macro
	Indoor hotspot

	Carrier frequency range
	4GHz
	30GHz
	4GHz
	30GHz

	Omni-direction Rx antenna
	Average detected cells
	1.63
	2.76
	1.78
	4.925

	
	Average detected beams
	1.97
	8.43
	2.63
	19.65

	Beamforming Rx antenna
	Average detected cells
	2.87
	2.21
	4.44
	6.37

	
	Average detected beams
	6.47
	9.71
	10.49
	40.9


Figure 1 shows the number of detected cells, beams, and beams/cell according to the number Tx beams. As increasing the number of Tx beams, the number of detected beams is dramatically increased. Additionally, large difference of the number of detected beams between omni-directional and beamforming Rx antenna is observed. 
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Figure 1 The number of detected cells, beams, beams/cell according to the number of Tx beams
Therefore, to define measurement capability, different measurement capability definition might be considered for the number of Tx beams and UE Rx antenna types. 
· Proposal: RAN4 should consider different measurement capability definition by following perspectives:

· The number of Tx beams  
· Omni-directional Rx antenna and beamforming Rx antenna for UE
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Figure 2 The number of detected cells and beams for Urban macro scenario with 30GHz carrier frequency
[image: image4.emf]-1 0 1 2 3 4 5 6 7

The number of detected cell and beam

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Urban macro 4GHz [Rx Omni direction]

beam

cell

   [image: image5.emf]-2 0 2 4 6 8 10 12 14 16 18

The number of detected cell and beam

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Urban macro 4GHz [Rx Beamforming]

beam

cell


Figure 3 The number of detected cells and beams for Urban macro scenario with 4GHz carrier frequency
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Figure 4 The number of detected cells and beams for Indoor hotspot scenario with 30GHz carrier frequency
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Figure 5 The number of detected cells and beams for Indoor hotspot scenario with 4GHz carrier frequency
3 Conclusion 
In this contribution, we provide simulation results for the number of detected cells and beams according to the number of Tx beams and UE Rx antenna types, and based on simulation results, we observe
· Observation 1: Depending on carrier frequency ranges, the number of detected cells and beams is different due to the number of Tx beams and path loss property of carrier frequency.
· Observation 2: Depending on UE Rx antenna type such as beamforming and omni-direction, the number of detected cells and beams for beamforming Rx antenna is larger than that for omni-directional Rx antenna.

Based on observations, we propose
· Proposal: RAN4 should consider different measurement capability definition by following perspectives:

· The number of Tx beams  

· Omni-directional Rx antenna and beamforming Rx antenna for UE
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