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1 Introduction

For evaluation purpose, RAN1 has been achieved much progress during NR SI. For example, channel model for above 6GHz are defined in [1] and evaluation scenarios are defined in [2-3]. In contrast, RAN2 does not have a common evaluation methodology for NR mobility in order to meet NR requirement and develop working solution for high-frequency mobility. 
In this paper, we propose a possible baseline of evaluation methodology for mobility performance in RAN2.

2 Simulation Environments
2.1 Abstraction of Physical Layer Components

RAN1 has a few documents related to evaluation methodology for NR: channel modeling in TR38.900[1], evaluation scenarios in TR38.913[2], and simulation assumptions in Annex of TR38.802[3]. Although those TRs cover very details, RAN2 cannot adopt them directly in NR mobility evaluation because they focus on evaluating physical layer performance by link-level or system-level simulation. Mobility evaluation in RAN2 additionally needs high layer modeling such as filtering, RRC signaling, MR triggering, ARQ, etc. Therefore, complicated physical layer modeling not only increases simulation time drastically but also does not affect critical L2 performance because it is a redundant part. As a result, appropriate abstraction of physical layer and selection of a subset of methodology should be required for mobility evaluation. 
Observation 1. For NR mobility evaluation, a simplified evaluation methodology is required.
Proposal 1. RAN2 is requested to start common evaluation methodology to study NR mobility enhancement. Most of evaluation assumptions should be based on latest RAN1 NR TR (38.802) and NR channel model (38.900). 
2.2 Evaluation Scenario
Mobility evaluation should see the performance for moving UE over the simulation area. So, RAN2 needs to borrow most features of system-level simulation rather than link-level simulation. The following features can be considered:
1) Scenarios: RAN2 needs to focus on urban macro and dense urban (i.e. urban micro) scenarios which are expected to have issues on mobility performance. Other scenarios such as indoor hotspot, rural macro can be excluded.
2) Layout: Multi-BS layout seems to be essential to evaluate the mobility simulations. In addition, two-layer layout which consists of hexagonal macro BS and several micro BSs or TRPs. Wrap-around structure is also necessary for UE with high speed and large simulation time. Typical ISD values are 500m and 200m for urban macro and dense urban, respectively.
3) Carrier frequency: Both above 6GHz and below 6GHz should be considered to see the difference between deployment cases, especially in EN-DC case.
4) UE drop and trajectory: Initially, UE can be dropped randomly on the hexagonal grid. In contrast with system-level simulation, UE should move with a constant speed and a linear trajectory whose direction can be selected with uniform distribution between 0 to 360 degrees. 
2.3 Channel Model
For the channel model, there are several channel models developed and used in 3GPP [1,4,5]. Among them, 5G channel model in TR38.900 [1] could be a baseline for mobility evaluation. As we mentioned in section 2.1, we need to choose an appropriate feature and the followings can be considered as the key components: 
1) Pathloss: Pathloss of TR38.900 has a wide applicable frequency range from 0.8GHz to 30/100GHz. The pathloss equation includes the lognormal shadow fading as a random part.
2) Autocorrelation of shadow fading: For considering UE’s mobility, shadowing due to geographical characteristics (e.g. buildings) should have correlation on moving distance. The channel model provides a correlation model by an exponential autocorrelation function of distance x with correlation distance dcor, as follows:
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3) LOS probability with spatial consistency: LOS and NLOS have different channel characteristics with each other. Traditionally, LOS probability is defined as a function of distance and included in the channel model. At the initial phase of each simulation run, whether UE has an LOS path is determined by this probability. In addition, LOS state between gNB/eNB and UE may be changed dynamically as UE moves. This means that sudden signal change due to the transition of LOS state is expected, especially in high frequency case. Fortunately, TR38.900 has a section on spatial consistency models including LOS/NLOS transition, which can be used for mobility evaluation.
4) UT rotation: In case of UE’s beamforming (e.g. RX beamforming in downlink), signal quality can be fluctuated due to beam change procedure and beam misalignment in rotating UE. This may affect the mobility performance of NR UE. UT rotation is defined as an add-on feature of 5G channel model. RAN2 can use this under certain rotation pattern.
2.4 Summary

By considering discussions above, Table 1 summarizes a candidate of simulation assumptions for mobility simulation. 
	
	Urban Macro
	Dense Urban

	Macro Cell Layout
	19 hexagonal cells
	19 hexagonal cells

	Small Cell (TRP)
	-
	Random drop

	Wrap-around
	On
	On

	ISD
	500m
	200m

	gNB/UE Height
	25m/1.5m
	10m/1.5m

	NR Frequency
	4GH/30GHz
	4GHz/30GHz

	LTE Frequency
	2GHz
	2GHz

	Pathloss (LOS)
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	Pathloss (NLOS)
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	Shadowing Factor (LOS)
	4dB
	4dB

	Shadowing Factor (NLOS)
	6dB
	7.8dB

	LOS Probability
	
[image: image14.wmf](

)

ï

î

ï

í

ì

<

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

¢

+

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

÷

ø

ö

ç

è

æ

-

+

£

=

D

D

D

D

D

D

D

LOS

d

d

d

h

C

d

d

d

d

P

2

2

3

2

2

2

2

2

18

150

100

4

5

1

18

1

63

18

18

1

m

m

UT

,

exp

exp

,


where

[image: image15.wmf]ï

î

ï

í

ì

£

<

÷

ø

ö

ç

è

æ

-

£

=

¢

m

23

m

13

,

10

13

m

13

,

0

)

(

UT

5

.

1

UT

UT

UT

h

h

h

h

C


	
[image: image16.wmf]ï

î

ï

í

ì

<

÷

÷

ø

ö

ç

ç

è

æ

-

÷

ø

ö

ç

è

æ

-

+

£

=

D

D

D

D

D

LOS

d

d

d

d

d

P

2

2

2

2

2

m

18

,

18

1

36

exp

18

m

18

,

1



	Correlation Distance for Shadow Fading
	40m(LOS)/50m(NLOS)
	12m(LOS)/15m(NLOS)

	Correlation Distance for LOS/NLOS state
	50m
	50m

	UE speed
	3km/h, 30km/h, 60km/h, 120km/h
	3km/h, 30km/h, 60km/h, 120km/h


Table 1. Simulation Assumptions for NR Mobility
Proposal 2. Simulation assumptions in Tables 1 are considered as a baseline for NR mobility evaluation. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. RAN2 is requested to start common evaluation methodology to study NR mobility enhancement. Most of evaluation assumptions should be based on latest RAN1 NR TR (38.802) and NR channel model (38.900). 
Proposal 2. Simulation assumptions in Tables 1 are considered as a baseline for NR mobility evaluation. 
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