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1 Introduction

RAN#71 in March approved a NR SID [1]. One of objective of study item is: 
The new RAT will consider frequency ranges up to 100 GHz [TR38.913].
(4)
Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:
o
Stand alone operation in licensed bands
(5)
Provide performance evaluation of the technologies identified for the new RAT and analysis of the expected specification work

The most basic question of stand alone operation in HF (High Frequency (Above 6 GHz)) NR is the support of mobility due to fragile channel condition compared with legacy LTE band. In this contribution, we would like to provide initial results of mobility performance of HF-NR assuming LTE handover procedure.
2 Simulation Environments

In the simulation, 19-cell with wrap-around topology is assumed. The frequency of LTE cell is 2 GHz and HF-NR cell is 28 GHz. A typical macro scenario with 19-cell and 3-sector is assumed in LTE, whereas small ISD (200m) like micro cell and single sector is assumed in the HF-NR. Although ISD of LTE cell has larger coverage than HF-NR cell, the actual area covered by 1 cell of HF-NR is about half of LTE cell. Channel parameters related to HF-NR are from [2][7]. The other parameters related to handover simulation are as same as current LTE evaluation methodology [3][4][5]. The details of simulation parameters are shown in Annex B.
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Figure 1 19-cell with wrap-around deployment scenario for HF-NR micro
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Figure 2 19-cell and 3-sector with wrap-around deployment scenario for LTE macro
3 Simulation Results
We consider three performance measures defined in TR36.839 [3] as follows:
1. Handover Failure per UE per hour (HOF/UE/hr)
2. Handover Failure Rate (HFR, %)
3. Ping-Pong Rate [%] 
Table 1 HOF/UE/hr
	Loading
	UE Speed
	HOF/UE/hr

	
	
	HF-NR
	LTE

	1
	3km/h
	1.3
	0

	
	30km/h
	16.0
	0.2

	
	60km/h
	43.1
	3.7

	0.5
	3km/h
	1.3
	0.0

	
	30km/h
	15.0
	0.0

	
	60km/h
	43.8
	0.5


Although cell size of HF-NR is half of LTE, the number of handover failure of HF-NR is more than two times than LTE. This is mainly because of channel condition of high frequency
Observation 1: Handover failure of UE per unit time of HF-NR happens more frequently compared to LTE.

Table 2 Handover Failure Rate
	Loading
	UE Speed
	HF-NR
	LTE

	1
	3km/h
	0.8 %
	0.0 %

	
	30km/h
	1.6 %
	0.1 %

	
	60km/h
	2.9 %
	0.7 %

	0.5
	3km/h
	0.8 %
	0.0 %

	
	30km/h
	1.5 %
	0.0 %

	
	60km/h
	2.9 %
	0.1 %


Handover failure rate of HF-NR is 1-3% up to 60km/h. In LTE case, HFR is only less than 1%. The handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE. As being known in academia paper, HF-NR system with beamforming is noise-limited, whereas LTE system is interference limited.

Observation 2: Handover failure rate of HF-NR is around 1-3%, whereas LTE has less than 1%. 
 Observation 3: Handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE.
Table 3 Ping-Pong Rate
	Loading
	UE Speed
	HF-NR
	LTE

	1
	3km/h
	1.2 %
	0.2 %

	
	30km/h
	15.1 %
	9.4 %

	
	60km/h
	18.0 %
	13.4 %

	0.5
	3km/h
	1.2 %
	0.1 %

	
	30km/h
	15.0 %
	9.4 %

	
	60km/h
	18.2 %
	13.1 %


A handover from cell B to cell A then handover back to cell B is defined as a ping-pong if the time-of-stay connected in cell A is less than a pre-determined minimum time of stay (MTS) [4].
Observation 4: Ping-pong rate of HF-NR is higher than LTE.

4 Conclusion

This contribution provides initial results of mobility performance of HF-NR compared with LTE based on current 3GPP evaluation methodology. According to the above observations, you could hint an initial mobility performance of HF-NR system. Obviously, current LTE handover is optimally designed for conventional low frequency channel. Therefore, the study of optimizing mobility performance for high frequency system is essential in RAN2.
Based on the above, RAN2 is requested to discuss and if possible note on the followings:

Observation 1: Handover failure of UE per unit time at HF-NR happens more frequently compared to LTE.

Observation 2: Handover failure rate of HF-NR is around 1-3%, whereas LTE has less than 1% .
 Observation 3: Handover failure of HF-NR does not depend on loading, whereas lighter loading factor decreases handover failure at LTE.
Observation 4: Ping-pong rate of HF-NR is higher than LTE.

[Proposal] RAN2 is asked to study mobility mechanisms for higher frequency NR system.
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Annex B: Simulation Parameters
	Parameter
	LTE
	HF-NR

	
	Value
	Reference
	Value
	Reference

	Carrier frequency
	2 GHz
	-
	28 GHz
	-

	Bandwidth
	10 MHz
	[3][4]
	1 GHz
	-

	ISD
	500m
	[3][4]
	200m
	-

	Number of sectors
	3
	[3][4]
	1
	-

	Path Loss
	19.57 + 39.09 log10(R)
	[5] 
	61.04 + 35.3 log10(R)
	[2]

	Shadowing Standard Deviation
	6 dB
	[5]
	7.82 dB
	[2]

	Penetration Loss
	13 dB
	[7]
	19.5 dB
	[7]

	eNB TX Power
	46 dBm
	[3][4]
	41 dBm
	-

	UE TX Power
	23 dBm
	[4]
	23 dBm
	-

	eNB Antenna Gain
	15 dBi (Sector Antenna)
	[3][4]
	21 dBi (Beamforming)
	-

	UE Antenna Gain
	0 dBi (Omni)
	[3][4]
	13 dBi (Beamforming)
	-


