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Channel Modeling and RF Performance Verification

in mmWave Bands Based on NS-3
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Abstract

This paper implements a channel model for mmWave bands using an NS-3-based 5G system-level simulator and
analyzes the reliability and validity of the implemented model through RF performance verification. The channel
model for RF performance verification in the mmWave bands consider parameters such as characteristics defined in
3GPP TR 38.901, beam-forming, antenna configuration, scenarios, among others. Furthermore, the simulation results
verify compliance within the ranges permitted by the 3GPP standards and verify reliability in indoor environmental
scenarios by exploiting the Radio Environment Map (REM). Therefore, the channel model implemented in this study
is applicable to the actual design and establishment of 5G networks, presenting a method to evaluate and validate RF
performance by adjusting various parameters.
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5G NR(5th Generation New Radio)x= XA o]
EA07 %274(eMBB, enhanced Mobile Broadband),
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munication), ZHZ4(mMTC, massive Machine Type
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ollEate] AT 59 HFet 8+ AR S=5todoF
gtk E3E 5G] Ad Hdg 4150 A A& dl5,
B4l A|AH] AA|, RF 45 8710l E850] 56 HES

(650)



284 j.inst.Korean.electr.electron.eng.Vol.27,No.4,650~656,December 2023

35 AA g0 535171 9t s A H 23
g8Et B =E2 mmWave tHH9] 2id 2ES 5G
Al2E] FE AlEF oAl NS—S(Network Simulator-3)
= &83sto] FARIHH2]. &3], AEdleld Aak= 3GPP
o] HH AL} H| W} :L@O]'_Tl, T 2P| RF 4
5= A337] 98 REM(Radio Environment Map)=
sreai}

3GPP(3rd Generation Partnership Project)® 5G
mmWave 9] A 5= B7F6H] 9% 253 o
It E= NSk Stk B =22 3GPP TR
(Technical Report) 38.901%1 “0.5~100GHz ©JAF<]
T AHERS Q9 g 2o oigk A E 1Y
st mmWave 9] A'd REHS NS-3= AT
(3]14].

1. 3GPP TR 38.9019] Ad =g

3GPP TR 38.9019] Fuk AHEZS G HE
39 A 4 5 e Yo B4 B4l9 B4 =
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sk B}, B3], Y RS Yo Fuis AE
HollA HZ o] gaHHoln, RF 435 #4= 69
g1 3 E&84% AAE 7Fsoith

Table 1. mmWave channel model generation step.
E 1. mmWave HE 2Y MY o

Step Process

1 Set Scenario, antenna parameters

Assign propagation condition(LOS/NLOS)

Calculate Pathloss

Generate Correlated Large & Small Scale Parameters

Generate arrival & departure angles

Set antenna polarization

Generate Channel Coefficient

QO | 1 | O\ | V| W

Apply pathloss and shadowing

3GPP TR 38.901 5G| A5 B7ll 3D SCM
(Spatial Channel Model)& Ad ZE& &8s, &

19] IS B LS ARt
PL; g = 32.4+17.3l0g (dy) + 20log (£,) 13l
B3, Ad 2Eo| PR A=Y YR RE BT
= A4}, a5 o] F4le s s 2 ==
oAM= Ad 229 LOS(Line of Sight) &S 113t
oh. 4] 12 LOS A& &4 YehliH, 404 f.
= 34 TS oY, dype 1™ 19 Ad] S04 7]
A=} ol gk AZE Sl AL
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Fig. 1. Distance of BS and UE in indoor environments.
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Fig. 2. Antenna Mode of 3GPPI.
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Fig. 3. Layout of indoor scenarios.
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Table 2. Parameters of Indoor environments Scenario.
E 2 A 24 AU2|o] m2t0(E

Parameters Value
Carrier Frequency 30 GHz
Bandwodth 40 MHz
Subcarrier Spacing 60 kHz

Room Size 120m * 50m * 3m

3GPP TR 38.900 Table 7.5-6 Part
2[4]

3GPP 38.900, Indoor Hotspot

Channel Model

Propagation Model

ISD(Inter-site distance) 20 m
23 dBm

100% Indoor, 10 UEs per BS,
randomly dropped

BS Tx Power

UE deployment

UT mobility v
(horizontal plane) 3 km/h
Mim BS-UE distance(2D) 0 m

E 2% ABFCM AuEied] Het Fa e,
= 32 7|A=0) wulE, 45 vl HepiiEE
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Table 3. Parameters related BS in Indoor environments.
HE 3 Al oM 71X[= 22 oi2H0(E[6]

Parameters Value

One TXRU per panel per polarization
1 TXRU : 4x8(3GPP elements)

3GPP TR 38.897 5.2.2 TXRU model-1,

BS antenna array

TXRU mapping

weights 2D sub-array partition model
(M. N, P, M, N,) = (4,8,2,1,1)
BS Antenna (dw dH) = (0.5,0.5)\
Configuration Boresight direction is perpendicular to
the ceiling

See wall-mount in Table A.2.1-7 in TR
BS antenna pattern

38.802 [0]
BS antenna height 3 m
BS antenna gain 8 dBi
Noise figure for BS 7 dB

OECE mmWave S WHRFE 123k AlvE|e
go] F8st7| wizol 7| A=t g B 3GPPY] Q|
U 2YS ARRSET, TXRU(Transmit Radio Unit)S
9 E—H AAES LAJSHY, sub-array® E&8o1o]
=9 ke, E5], 4 Al 7]2o 1)xn)
94 4l ;ﬂa% Zdiststr] 18l DFT ¥ SollA 249
FIEss /ﬂE—H?E}. E5], 92 azimuth ¥4 0~180°
AojlA 0~180°E 3.-’;?4'0]":]'

Table 4. Parameters related UE in Indoor environments.
HE 4. Al A0 S 23 o2t

Parameters Value

UE antenna array 1 TXRU : 2x4(3GPP elements)

27, uniformly distributed on [0,360]

UE array 4
orientation egree,
247 5= 0 degree, QUT'7 = 0 degree
(M. N. P, M, N,) = (2,4.2.1,2)
(dw d[{) = (05 05)A
d,nd, ) = (0,00
UE Configuration ( 9, L(—),g.é) :g()() )

mg.ng

2y, =192,+180
The polarization angles are 0 and 90

See Table A.2.1-8 in TR 38.802

UE antenna pattern

UE antenna heght 1.5 m
UE antenna gain 5 dBi
Noise figure for UE 10 dB

tt. REM(Radio Environment Map) 7H&
NS-39] REM 71X=r 7|9 DL(DownLink)2}
UL(UpLink)9] 2D #lojok-S Bofl 4 B4l A|AH 9]

Js A FH9 AS WURko|tH7]. REM2 AHHA]
o, § FH|, @Z9 AHYA| 5= AlAslete] AlEdo]
A A3t BA0) {-8ot, $4 AR 7A=E AT
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2olA= AlEdlold AaE BAI5H7] {15 SNReJ Tk
REMERS t}2H, o5 &8sto] 13 Ad HEdS 4
=g

of

¢

o

olN
ro

3. AlEdEolA A=t

mmWave ¥ 1459 A& A3t ¢sf |
B= &&oto] YE/IE F4ste] 4AZdS A
oh 2 =2 g A 2o AlEY 2 fRAdS
A517] fIste] AlEeeld 2xe] SNR= 3GPPY] g
AL At} Hlwsto] F4lo] 5 9 FES £A4s)

AlEdlold Z¥Rl DL gt SNR2 HE d'F
9 I’HOH 2)29] RSRP(Reference Signal Received
Powen)E 112{5te] 7|A|=o] HA4shH, 30GHz
g mdy s &3

O% 4= AlEdleld dxto] digt 1= = 3GPPO
A Aelsk= Upper Bound®} Lower Bound®?} 2]
Z3E HHAAZ o= SNRO| tigk CDF 1#j=o]c}
[81[9]. Upper Bound®} Lower Bound:= 3GPP TR
38.9019] A9 =da}t R1-17035349}F R1-17098282]
netulE R FgdstH, 3GPP HEYZL 35t 23S vt
oz grH10].

T3t g mdo] Ayl= AZ|He o] o]} o] %
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NS-3 EERto s /493 27| Hdle] ZAxolr}. old
sl 3GPPollA -&sh= ®IFl W= AlEdelA 733’45
Az Boldstr] flsf wEtu|E 9] g2 HAste]
< &gl

AjdgoldS Yo FaT Bd xS AREot
7] 180l cell scane true® AAsto] LOS &EZ W
9 S ok 7|89 A8S WAsky, W ' 7t
= 45°% AARITE &3 7|R= QHEY 2o
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H QHEY side] Zte= Ao A og iR E]o] )
Ou}, A 1t AWsr] I8l ol vix|steSE A
Eu, QFElURe] Ztwof tigt A4S F71eit 71 1d
9] etV %= bearing ZHE, downtilt 22 A%
sielon, AeEgoldS et e HE2 slant 7t
=5 F7IRHH3). QMY bearing ZH=s FEU] A
P Ueli= 91z, downtilt 2= QU]
A o g 7] &od A%, slant 4= AEHUS] 4
A2 downtilt 2=} B8] EA Zx2 FAAR AT
£ Uehdth. o5 Bof 7ol viAE teu= 31t
Aol gt 92 AHYAEZE AlFsto] AeE o |
= Hxpsh, 7[A=9] <ty WFE F-AsHA
sto] 4159] Hut ggo] AE o] BE ol
Ql AZE AlF3ltt

TAgH Ad 2dof ZAe|Heo]d o]He] A¥k= 3GPP
HTOA s8sks WY QY AnE 7w, AgEe
old At W2 Zol7} Stk o= HEY, A=
Qb Hi%] Sl Zol7} qlow, B olHS 53
259 F4, AR Fo] AU FRIsIe
ueba] Rt Ad 2do] AejH o]l AIk= Upper
bound®} Lower bound®] Bwx]2} ARG W&o +

E

b 1l
2o gE

1 T

---- Average
—— NS-3 after calibration
-------- NS-3 before calibration

* Lower Bound
—— Upper Bound

o
©
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Fig. 4. CDF for system level calibration.
a8 4. AIZY|01d Zate| SNR Cet CDF

¥ 5% 3GPPOA] 3]-€5k= Upper Bound®} Lower
Bound®] mjetulElo|n, & Ail= QFEY 84, T
rotation, channel blockageolA tfE nlelu|gE 7}
ZItH12]. £3], TR 38.897°4 tF= SHHY 848
g-8s1, Upper Boundo|A+&= 2D sub-array £¢=,

Table 5. Compare Parameter of Lower and Upper Bound.
H 5. Lower Bound? Upper Bound2| If2H|E{ H|w[10]

Parameter Lower Bound Upper Bound
. 2D sub-array partition
Antenna smgézn?l(};lirper model, Single TXRU per
Element polarization panel per sub-array per
polarization
UE fixed random direction per drop,
Rotation speed of 50rpm
15123122; without blocking if block, K = 5

LoweroAl= 7|& g2 LA} 9] rotationS
Lower BoundolAl= 1A=, Upperolt= flERt
WS 7RItk E3 A9 Blockage?t e HE>
e 9] A7HY 7hRAdol| weEl 2AE, 7F |49
LOS/NLOS “JHIE #7otA] 9l ettt & 5004

FA] %= 0|99 mefuHe BT 5Yt E4o=
AT

2 =2 gt 24 2 ofF, A, A=A
5= 95 REM2 Z-83Ith REMS g 2o o

Table 6. REM for simulation results.
E 6. AIE2014 Zoj tist REM

Type REM(SNR)

DownlLink
Coverage Area

y-coordinate (m)
5

o 20 40 60 80 100
x-coordinate (m)

UpLink
Coverage Area

y-coordinate (m)

DownLink
Beam Shape
(BS number is

1

y-coordinate (m)

40 60
x-coordinate (m)

UpLink
Beam Shape

y-coordinate (m)

UE Coverage
Area

y-coordinate (m)

20 40 60 80 100
x-coordinate (m)
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St 7|A=3 g wix], QMY 4, W FH), As
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=of tjgt REMS YERALY
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3 & AAsete] 71 A= ode] QY Eig, B
Zh 1=}, Qb 849] o5, £4/41 714 5o

et ol Z-gEnth Eet, T AR JHof diet
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Sieitt. ol UL ¥ el gt REMZ 53 &elet
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e AT FEE /HES gkt
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g, AofEolvt 7Hdoll tigt kS Wol ¥=rh Ad
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