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TOM TAT

Mang di dong thé hé méi 5G da tré thanh nén tang cdng nghé
chinh trong kién tric cua mang van vt (Internet of Thing -
IoT). Trong d6, ky thuat truyen thong song milimet
(millimeter wave) trong 5G la cong nghé cot I16i cua mang the
hé méi. Nghién ctru vé mang 5G gap nhiéu thach thuc trong
viéc trién khai m6 hinh thuc té dé danh gia tinh hiéu qua. bé
giai quyét cac van dé do, bai bao da gidi thieu mo-dun
mmWave duoc tich hop trong bo cong cu md phong mang
NS-3 @€ md phong va danh gia hiéu nang mang 5G. Bai bao
da tng dung md-dun mmWave md phong kich ban mang 5G
véi thong so ty 1€ tin hi¢u trén nhicu SINR (Signal
Interference + Noise Ration), qua d6 danh gia chat luong
song tir tram gdc dén cac thiét bi s dung dau cudi dé xac
dinh dugc vi tri xay dung tram goc toi vu nhat.

Tur khoa: Mang van vat; cong nghé mmWave; mang 5G; cong
cu md phong mang; NS-3.

1. Giéi thi¢u

Mang Internet of Things (IoTs) dang 1a mot phan cua
cach mang cong nghiép 4.0. S6 luong cac thiét bi duoc
két ndi chia s& va khai thac dir liéu tang tir 9,7 ty (2020)
Ién 16,7 ty (2023) va du béo 29,7ty (2027) [1]. Thé he
truyén théng mang 5G la mét yéu té quan trong dong gop
Va0 sy gia ting manh mé& nay. Thé hé mang di dong méi
5G con goi la thé hé mang bing thong rong di dong lan
ther 5, dugc gidi thiéu 1an dau vao nam 2019 [2], dan tré
thanh céng nghé noi bat, va da, dang 1a ndi dung nghién
clru quan trong nhitng nam gan day [3]. Hién nay, cong
nghé mang 5G duoc xem la tuong lai cua truyén thong
khong day, cung cap kha nang| két ndi khong giai han, toc
d cao, dang tin cdy, va do tré dudng truyén thap, quyet
dinh dén chat luong cua tng dung IoT. Nghién ctu vé
mang 5G, cong nghé truyén thdng séng chum milimet
(mmWave) di va dang nhan duoc su quan tam rat 1on,
dic biét 1a nhimg thay doi va cai tién so véi céac thé hé
mang 3G, 4G [4-5]. Cong nghé mmWave sir dung dai tan
s6 co budc song ngan trong khoang milimet tir 24 Ghz
dén 300 GHz, hd tro truyén tai dit liéu toc do cao trong
mang thé hé mai 5G. Mot trong nhitng thach thic rat 16n
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d6i véi nghién cau vé 5G, cong nghé séng milimet d6 14 trién khai mé hinh, cai dat thiét
bi va danh gia hiéu qua do nhitng han ché vé ky thuat va nguon luc.

Pé hd trg cac nghién ctru vé mang di dong thé hé méi, va tng dung 5G trong loT,
cac cong cu md phong (Network simulator) da duoc dé xuat va dan tré nén phé bién. Cac
cong cu md phong mang gidp nha nghién cau, phat trién (g dung mang 5G phan tich,
danh gia hi¢u suat cac mo hinh, cac rng dung, cac cdng nghé¢ maéi mot cach higu qua, tin
cay, tiét kiém chi phi. Hién nay c6 nhiéu cdng cu md phong cho mang 5G nhu: NS-2, NS-
3, Matlab, Lte-epc, NetSim... Dya trén nhiing déc diém va churc néng, moi cong cu md
phong déu s& co nhimg wu va nhugc diém. Vi vay, dua vao yéu cau cua ting hé théng
mang, nguoi ding c6 thé chon lra nhitng céng cu md phong thich hop. Trong bai bao nay,
tac gia giGi thiéu vé céng cu md phong cho mang 5G, séng mmWave va trinh bay cic budc
trién khai kich ban mé phong, trén bo cdng cu md phong NS-3 tich hop mé-dun mmWave
(goi tat 1a NS-3 mmWave). Thong qua d6 thuc hién danh gia mé phong mang 5G trong
truong hop xac dinh, va danh gia vi tri tt nhat dé trién khai tram géc phat song 5G. NS-3
mmWave da dugc su dung trong nhiéu truong hop m6 phong [6]. Ngoai ra NS-3 mmWave
duogc sir dung rong rai dé mé phong va danh gia vé mang 5G va cac ung dung loT. Bo
cong cu md phong NS-3 tich hgp mo-dun mmWave bao gom cac thanh phan dé mo phong,
danh gia vé Wifi, Wimax, 3GPP (The 3rd Generation Partnership Project), LTE. Chi tiét
giéi thiéu vé bo cong cu md phong NS-3 tich hop mo-dun mmWave s& duoc gidi thigu
trong phan tiép theo.

2. Céc nghién ctru lién quan
2.1. Cong ngh¢ truyén théng séng milimet

4G 5G cm/Wave 5G mm/Wave
2-8GHz 6- 24 GHz 24 - 90 GHz

0 GHz 10 GHz 20 GHz 30 GHz 40 GHz 50 GHz 60 GHz 70 GHz 80 GHz 90 GHz

1-10 mm

Hinh 1: Phé song milimet va céc day tan sé si dung trong mang 5G

Theo tai li¢u [7], cong ngh¢ truyén dir liéu khong day c6 mot han ché nghiém trong
d6 1a bang thong cua dudng truyén bi phu thudc vao tan s6 cua séng. Song [y tan s thap
¢6 budc song dai sé cd bang thong thap S6ng & tan s6 cao c6 budc séng ngan s& co bang
thdng lon. Tuy nhién ¢ budc song ngan, dir liéu truyén c6 thé bi gian doan do ching dé bj
can tré boi moi truong truyen dan nhu khéng khi, moi truong tu nhién, cac toa nha, diéu
kién thoi tiét... Cac song co tan s6 cao bugc song cuc ngan duoc goi 1a phd song milimet.
Mang 5G, sir dung phé séng millimet phét & tan s tir 20 ¢én 300 GHz, ¢6 budc séng Imm-
15mm dé truyén dir liéu nhanh va manh, Hinh 1.

Phé s6ng milimet truyén dit liéu trong mang 5G c6 thé dat téc d6 10Gbps, nhung
dé bi bién dang. Phé séng milimet gidng nhu mot chum tia laze, chi ¢6 kha ning bao phu

62



Vinh University Journal of Science Vol. 53, No. 1A/2024

mét khu vuc nho theo mot huéng nhat dinh. Vi vay dé dam bao kha nang truyén dit liéu
nhanh va tin cay trong mang 5G, k¥ thuat chuyén d6i chum tia thich ung duoc &p dung
gitp cac thiét bi 5G theo ddi chat lugng tin hiéu caa séng milimet, cho phép cac thiét bi
5G chuyén d6i qua lai gitra cac dai tan s6 khac nhau dé duy tri chat luvong cua mang 5G.

2.2. Cong cu mo phong NS-3

N\ e
Application ' Application '
- Socket-like
API
Protocol Protocol
stack stack
NetDevice ' NetDevice '
Node Node

v

Hinh 2: So d6 luong diz liéu co ban trong bé cong cu md phéng NS-3

Cong cu mé phong mang NS-3 6 phién ban mai hién nay NS-3.38 (thang 02 nam
2023) l1a mot dy &n mién phi voi muc dich mé phong cac su kién mang roi rac [9]. Bat dau
trién khai tir nam 2006, du 4n NS-3 cam két xay dung mot tap 16i chuong trinh mé phong
chung nhét cling nhu mot hé thdng tai liéu chuan (Doxygen), dé dang sir dung cho phat
trién va kiém soét 15i. NS-3 dap ng cho toan b nhu cau m6 phong mang, tu nhitng cau
hinh dé bat va phan tich goi tin, cdu tric mang, dén cac nén tang tng dung. Cac mé-dun
duogc cai dat trong NS-3 gitip ngudi sir dung c6 thé ma rong hoac cai tién dé thyc hién cac
md phong, phan tich cac hé thong phuc tap cling nhu dénh gia cac giao thire dinh tuyén
méi. Ngoai ra, NS-3 con c6 thé md phong véi cac mang thuc té (emulator), két ndi thoi
gian thuc véi hé thdng mang thyc té dé danh gia, phan tich mot hé thdng mang c6 san.
Cong cu md phong NS-3 da duoc gidi thiéu cé nhiéu lgi ich so véi cac bo cong cu md
phong khac nhu NS-2, OMNeT++, GloMoSiM théng qua cac théng sb nhu sir dung CPU,
kha nang dung lai cA&c mo-dun, tinh linh hoat [9]. So d6 ludng dir liéu trong NS-3 duoc thé
hién nhu trong Hinh 2, trong d6, mdi ndt trong md phong duoc thé hién & cac phan ung
dung, giao thuc va thiét bi mang.

NS-3 hd tro cai dat trén da nén tang hé diéu hanh nhu: Linux, Windows, MacOS...
C6 nhiéu cach dé cai dat va st dung NS-3 bao gdm cai dit truc tiép bang dong Iénh hoac
tai tap tin ma nguon NS-3 vé& may tinh va cai dat nhu trong cac tai liéu [9, 11]. NS-3 duoc
cai dat tir cong cu waf, bt dau cai dat bang tap 1énh nim trong tap tin build.py.

Pé thyc hién cai dat bang cong cu build.py, tir thu muc ma nguon NS-3 da tai xudng
\N'S-3.33 (vi du da tai tap tin ns-allinone-3.33), thuc hién dong Iénh:

Jbuild.py --enable-examples --enable-tests
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Chi tiét cach cai dat c6 the tham khao thém tai lieu riéng vé NS-3 [11]. Sau khi
thuc hién cai dat thanh céng bo cong cu md phong NS-3, dé kiém tra cai dat NS-3, chung
ta chay Iénh:

| Jtest.py script.

Két qua kiém tra duoc hién thi nhu phia duéi néu da cai dat NS-3 thanh cong.

\ 92 of 92 tests passed (92 passed, O failed, O crashed, 0 valgrind errors)

2.3. M6-dun mmWave trong NS-3
2.3.1. Gidi thiéu vé mo-dun mmWave

5] () 1 A
_— 7 U )
TR Hiost CBEWTRGIW T e NGl T
Application i : Application
TCP/UDP : : : TCP/UDP
1P IP P
1 :
' - EpcPgwSgwApp | E;l)cEnbAppIicatitin |
| :
GTP - GTP MmWaveEnbNetDevice MmWaveUeNetDevice
UDP UDP LteEnbRrc LteUeRrc
i 1P E IP LtePdcp LtePdcp
| : I LteRIcAm/Um LteRIcAm/Um
P ' | schgguler
MmWaveEnbMac | : NiWavelieMac
MmWaveEnbPhy | i MmWaveUePhy
ns3/LENA : 1 MmWaveS;;ectrumPhy | ]MmWaveSpsactrumPhy |
built-in 1 | i
TR T [ MultiModelSpectrumChannel |
: I I i
PHY/MAC ﬁ MmWave IMmWavePropagation MiErrorModel | :
custom mmwW g Beamforming LossModel i
channel model 1
| AntennaArrayModel |

Hinh 3: M6 hinh cdu tric cac Iép trong mmWave [9]

NS-3 la cong cu md phong mién phi rt pho bién va dé sir dung. Md-dun mmWave
tich hop trong NS-3, phét trién bai to chitc NYU Wireless va Dai hoc Padova, duoc thiét
ké dé thuc hién cac md phong dau cudi (End-to-End) cho cac hé théng mang di dong 3GPP,
dic biét 1a mang di dong thé hé méi 5G. Chi tiét vé md-dun mmWave duoc gisi thiéu
trong tai liéu [12]. NS-3 mmWave duoc sir dung dé md phong mang 5G & tan s song
milimet. M0-dun mmWave dugc xay dung dua trén mo-dun NS-3 LTE (LENA) da duoc
tich hgp. Md-dun LENA duoc phét trién dé danh gia cac giao thirc LTE/EPC trong céc 16p
PHY va MAC. NS-3 mmWave hién tai bao gém céc tinh niang sau [12]:

» HJ trg ddy di cac mo hinh kénh (channel models), bao gdm ¢4 m6 hinh 3GPP
méi nhat cho pho tan s6 trén 6 GHz, ciing nhu mo hinh hoéa tia truy tim (Ray Tracing).

« Trén nén tang céng nghé 3GPP, céac 16p PHY va MAC s& dugc tly chinh. Hb trg
TDD (Time Division Duplex) dong dé thyc hién thir nghiém cac md phong khac nhau.

« L4p lich tiy bién cho TDD déng.

* Tap hop séng mang ¢ l6p MAC.

« M phong cac thanh phan caa mang 18i bao gdm céc niit dugc miéu ta nhu nit thuec.
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« Két ndi vai cac tram gbc LTE nhanh chéng.

CAu trdc va cac 16p trong md-dun mmWave duoc thé hién nhu trong Hinh 3. Trong
do6, hai 16p 1a “MmWaveEnbNetDevice” 16p tram gdc, twong (ng la ndt eNodeB (E-
UTRAN Node B); va 16p “MmWaveUeDevice” 16p thiét bi ngudi dung dau cudi, twong
ng 1a ndt. M6-dun mmWave ciing bao gdm mét 16p “McUeNetDevice”, 13 mot thiét bj
mang c6 hai ngan xép (LTE vd mmWave) c6 kha niang két ndi vai ca hai cdng nghé dé.
Ngoai ra md-dun mmWave con chta cac l6p MmWaveEnbMac, NetDevice,
MmWavePhy... 1a nén tang dé mé phong cac md hinh mang. Trong d6, ngudi ding c6 thé
chon trong s6 cac md hinh kénh két ndi khac nhau, dua trén do phuc tap tinh toén, tinh linh
hoat, cdng nghé sir dung. M6 hinh kénh két néi linh hoat nhét 1a dua trén kénh 3GPP chinh
thirc cho dai tan 6-100 GHz. 3GPP cung cip mét s6 tinh ning tiy chon cd thé dwoc thém
vao md hinh co ban, dé md phong nhu tinh nhat quéan vé khéng gian, tac nghén ngau nhién.

2.3.2. Cai dat va sir dung mb-dun mmWave trong NS-3

Trong bai bao nay, mé-dun mmWave duoc cai dat trén NS-3.33 (ns-allinone-3.33)
trén nén tang hé diéu hanh Ubuntu 18.04 (64 bit), chi tiét cai nhu trong hudng dan trong
tai liéu [11]. M6-dun mmWave phién ban dau tién phat hanh trén NS-3. 26. NS-3 mmWave
cé the cai dat bang dong lénh (Command line) trong Terminal hoac tai san céac tap tin ma
nguon cia NS-3 va mmWave. Tap tin ma nguon mmWave ¢ thé tai tai [11]. Trong bai
béo nay, tac gia da thuc hién cai dat m6-dun mmWave trong ca hai truong hop.

Truong hep thir nhat: tai mai ma nguon NS-3 tich hop mé-dun mmWave tai [13].
Thuc hién cai dat nhu cai dit NS-3 binh thudng bang dong 1énh sau:

Git clone https://github.com/nyuwireless-unipd/ns3-mmWave.git cd ns3-mmWave

truy cap thu muc vira cai dat: cd ns3-mmWave, thuc hién cai dat:

Jwaf configure --disable-python --enable-examples && ./waf build

Trudng hep thir hai (may tinh da cai dit sén NS-3): dau tién tai ma nguon module
mmWave tai [13], giai nén vao thu muc chtra tap tin nguon ns-allinone-3.33/NS-3.33/src,
do6i tén mo-dun (vi du mmWave), va thuc thi cau 1énh cau hinh lai NS-3.

Jwaf configure --enable-examples.

Sau khi thyc hién cai dat thanh cong module mmWave trong NS-3, d¢ kiém tra, tac
gia da thyc thi mot vi du cu thé (vi du mmWave-example-epc) bang dong Iénh.

Jwaf --run mmWave-example-epc

Néu két qua hién thi ‘build’ finished successfully va khong hién thi cac 16, khi d6
da cai dat thanh cong mo-dun mmWave trong NS-3. Bé tham khao thém cac vi du lién
quan dén md-dun mmWave trong NS-3.33, c6 thé truy cap thu muc NS-
3.33/src/mmWave/examples, chtra cac vi du vé 5G va séng mmWave, va thyc thi cac vi
du tuong ung.

3. Md phéng mang 5G trén NS-3 mmWave va danh gia két qua

Trong phan nay, mot kich ban md phong séng mmWave trong mang thé hé méi
5G cju:c_yc thuc pién théng qua mé-dun mmWave trong NS-3. Muc digh cua mo6 phong nay
la dé hudng dan cac budc sir dung moé-dun mmWave trong NS-3 dé danh gia hiéu nang
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mang 5G. Kich ban md phong la qé danh gia chét lwong pha séng mmWave cuia céc vi tri
tram goc 5G du kién trudc khi trién khai thuc te.

3.1. Kich ban mo pheng

Khéng lam mat di tinh tong quét caa md phong, trong kich ban nay sé& c6 cac nut
dai dién cho tram géc 5G, va cac nut dai dién cho nguoi dung dau cudi. Kich ban bao gém
10 nat ngudi ding (ueNodes) ¢d vi tri duoc sap xép ngau nhién, va thay doi vi tri theo thoi
gian; va 2 tram gdc thu phét séng 5G (eNodeB) c6 vi tri dugc xac dinh trude (du kién trién
dugc khai tram géc thyc t€) dé so sanh vi tri ti wu hodc danh gia mot vi tri tram géc co
ph hop dé trién khai mang 5G. M6 phong danh gi ty 1¢ tin hiéu trén nhleu SINR. Gia tri
SINR 12 mét gié tri duoc str dung dé danh gia cuong do tin hiéu mong muén so véi nhiéu
trong cong nghé truyen thong khong day. Gia tri SINR cang cao thi tin hi¢u cang t6t. Muc
dich md phong la dé danh gia, so sanh cac vi tri tram goc 5G du kién trugc khi xay dung
tram gdc 5G thuc té dap ung yéu cau tét nhat. Mo phong két hop véi cong cu NetAnim-
3.108 dé thé hién két qua truc quan. Ngoai ra trong md phong két hop ngén ngir Perl va
Gnuplot dé phan tich két qua va hién thi biéu d6 két qua sau khi phan tich, thong sé khac
cua kich ban nhu Bang 1.

Bang 1: M4t so thdng s6 md phong
TT Tén thong sb Gia tri
1 | Dién tich mang mé phong 1000 (m) x 2000 (m)
2 | Thoi gian mo phong 10.00 (s)
3 | Nt nguoi dung ueNodes (ngau nhién) 10 nut
4 | Nat tram goc eNodeB (¢ dinh) 2 nut

3.2. Cai dat kich ban mé phong

Trong nghién ctu nay, kich ban ban mé phong sé duoc viét bang ngdn ngir C++,
va dat tén tap tin kich ban 12 “5GmmWave-exam.cc”. Trong phan nay, tac gia chi trinh bay
mot s6 doan code lién quan dén mo-dun mmWave dé thyc thi kich ban. Cac vi du chi tiét
vé cach st dung md-dun mmWave cé thé tham khao thém trong thu muc
\src\mmWave\examples. Tuan tu cai dat kich ban mo phong trong tap tin “5GmmWave-
exam.cc” dugc thé hién nhu sau:

Thém céc thu vién can thiét & dau tap tin kich ban mé phong.

#include “ns3/mmWave-helper.h”
#include “ns3/netanim-module.h”

Tao d6i tugng séng chim mmWave théng qua mo-dun mmWave.

Ptr<MmWaveHelper> ptr_mmWave = CreateObject<MmWaveHelper> (); \

Tao 2 dbi twong tram gbc eNodeB, dit tén 1a enbNodes (tram phét séng 5G du
Kién).

NodeContainer enbNodes;
enbNodes.Create (2);

Tao 10 ddi twong nat ueNode, dat tén 12 ueNodes (thiét bi ngudi dung, di dong).
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NodeContainer ueNodes;
ueNodes.Create (10);

Kich ban md phong khi tao céc vi tri bat dau cho cac ndt nguoi ding (ueNode)
sau do thi€t 1ap thudc tinh thay doi vi tri ngau nhién. Tuong tw cho khai tao tram goc phat
song 5G thiét 1ap thudc tinh vi tri ¢6 dinh.

Ptr<ListPositionAllocator> enbPositionAlloc=CreateObject<ListPositionAllocator> ();
enbPositionAlloc->Add (Vector (0.0, 0.0, 0.0));

MobilityHelper enbmobility;

enbmobility.SetMobilityModel (“ns3::ConstantPositionMobilityModel”);
enbmobility.SetPositionAllocator (enbPositionAlloc);

enbmobility.Install (enbNodes);

BuildingsHelper::Install (enbNodes);

Cau lénh gan céc tram gdc va nat nguoi ding nhu 13 mot thiét bi mang véi day di
thong tin dia chi MAC, hang doi.

NetDeviceContainer enbNetDev = ptr_mmWave->InstallEnbDevice (enbNodes);
NetDeviceContainer ueNetDev = ptr_mmWave->InstallUeDevice (ueNodes);

Cau lénh két ndi cac nut nguoi ding ueNodes véi nit tram enbNodes dua trén cong
nghé song chum mmWave.

ptr_mmWave->AttachToClosestEnb (ueNetDev, enbNetDev);

Kich ban tao cac tng dung, cai dit séng (tham khao vi du vé NS-3). Trong kich
ban nay chi kich hoat b truyén dit liéu vo tuyén dé danh gia tin hiéu SINR. Ngoai ra, c6
thé lra chon thiét 1ap mé hinh tia chuim (beamforming model, ciu hinh dng ten (antennas),
kénh truyén...

enum EpsBearer::Qci q = EpsBearer::GBR_CONV_VOICE;
EpsBearer bearer (q);
ptr_mmWave->ActivateDataRadioBearer (ueNetDev, bearer);

Tiép theo la ghi lai két qua cua md phong. Trong NS-3 mmWave s& ¢6 nhiéu tap
tin truy vét dugc dugc luu lai sau khi thiét 1ap cho phép luu két qua mé phong bao gom
RxPacketTrace.txt, DIpdcpStats.txt, UIPdcpStats.txt...

ptr_mmWave->EnableTraces ();

Thiét 1ap hién thi truc quan dya trén Netamin, cha y cau Iénh hién thi truc quan
dugc dat sau cau Iénh stop().

Simulator::Stop (Seconds (10.0));
Animationinterface anim (“5G-ns3-mmWave.xml”);

3.3 Thuc thi kich ban mo phéng va dinh gid két qua

Dé thyc thi tap tin kich ban bang NS-3, trong Ubuntu m¢ giao dién terminal (Ctrl
+ ), truy cap dén thu muc cai dat NS-3. Sau d¢6 thuc thi dong Iénh:

Jwaf —run 5GmmWave-exam.cc.

Két qua sau khi thyc thi kich ban thanh cong duoc thé hién nhu Hinh 4a, két qua
truc quan hién thi nhu trong Hinh 4b, va cac tap tin ghi lai két qua kich ban. Gia tri cuong
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d6 chat lwong truyén tin hiéu SINR trong tap tin RxPacketTrace.txt (& cot 13) dé danh gia
chat luong tin hiéu caa hé théng mang 5G nhu trong kich ban. Bai bao két hop mot sé cong
cu hd tro nhu Gnuplot, Perl dé phan tich gié tri SINR, danh gia tin hiéu, két qua duoc hién
thi nhu & Hinh 5.

°
O'O‘OAOUQBSGF 500.0,0.0 1000.0,0.0

user

o
User

[sudo] passwcrd for dungnq@ﬁ ®
e /dur 6 /e -mmuave /build e, 5G-BS
[2641/2692] Comp\.hng scratch/mmsG USer yser
[2652/2692] L1nk1ng
Waf: Leaving d ctor {home f{dungnq@6 /ns3-mmwave /build’
E ] mman 2 be stored 1 buile 1
build' f shed s essfully (10.436

B
. user
user

€_connands. Js 0.0,987.5 500.0,987.5  1000.0,987.5

. o
User user

0.0,1975.0 500.0,1975.0 1000.0,1975.0

b. Két qua truc quan bing NetAnim
vo1 tram goc SG-BS tai vi tri 500x500

a. Két qua thuc thi thanh cong tap tin kich ban

Hinh 4: Két qud hién thj sau khi theec hién thanh céng cau lénh

Gia tri SINR tham khao dé danh gia kich ban mé phong duoc thé hién nhu trong
Bang 2 [14], trong d6 con co cac gia tri RSRP (Reference Signal Received Power) la céng
suat nhat duogc tin hién tham chiéu, RSRQ (Reference Signal Received Quality) & chat
lwong nhan dugc tin hiéu tham chiéu. Theo Bang 2, mirc d6 tin hiéu SINR toan hé thdng
< 0 dB thé hién tin hiéu caa hé théng “kém”, tir 0 db ~ 13dB thé hién tin hiéu hé thdng
“trung binh”, tir 13 dB ~ 20 dB thé hién tin hiéu “tot”, va > 20 dB thé hién tin hiéu “tuyét
voi”. Theo d6, va mot phan tin hiéu SINR > 20 db ching té hé thdng c6 tin hiéu tir trung
binh dén tuyét voi.

Bang 2: Gia tri SINR tham khdo dé ddnh gid

RSRP (dBm) | RSRQ (dB) | SINR (dB)
Tuyét voi >-80 >-10 >20
Tot -80 dén -90 -10 dén -15 13 dén 20
Trung binh | -90 &n-100 | -15 dén-20 0 dén 13
Kém <-100 <-20 <0

Hinh 5 thé hién gia tri SINR trung binh tir tram gbc c6 vi tri du kién 1a 500 x 500
dén céc nat trong toan bo thoi gian mé phong 1a -10 ~ 50 dB. Trong do, gi tri SINR < 0
dB (tin hiéu kém) Ia rét it, trong khi gi tri SINR > 20 dB (tin hiéu tuyét vai) 1a rat lon, va
trung binh gia tri SINR ciia toan b mang 1a ~ 17dB. Két qua nay cho thay hé thong mang
5G voi tram géc du kién dugc trién khai tai vi trf 500 (m) x 500 (m) c6 tin hi¢u trung binh
1a “t6t”, va phi hop dé trién khai tram gbc thuc té. Tur két qua md phong, chung ta dé dang
danh gia duoc uu va nhuge diém vé do phu s6ng va chét lwong song cua cac vi tri tram
g6c du tinh dé xay dung ma khdng tén nhiéu chi phi, thoi gian, cong stc.
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" SINR -

Gia tr1 SINR (dB) ctia mo1 nut

Thoi gian thwe hién mé phong
Hinh 5: Két qua danh gid gid tri SINR

4. Két luan

Bai bao nay di gidi thiéu so lugc vé mang di dong thé hé méi 5G, cong nghé séng
milimet, ciing nhu cong cu md phong NS-3; da gidi thiéu vé moé dun mmWave trong bo
cong cu md phong NS-3 va cach danh gia mé phong mang 5G bang mo-dun NS-3
mmWave. Chi tiét cac buéc thuc hién md phong mang theo md-dun mmWave ciing da
duoc trinh bay. Két qua danh gia mo phong da dwoc xtr ly va trinh bay truc quan thdng
qua céc cong cu NetAnim va Gnuplot dé danh gia vi tri cia cac tram 5G duy kién duoc trién
khai. Trong tuwong lai, tic gia dya trén mo-dun mmWave sé tiép tuc thuc hién md phong
danh gia hé thong mang 5G, tng dung 10T qua cac thong s6 chat luong khac mot cach day
dua va chi tiét hon.
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ABSTRACT

RESEARCH AND APPLICATION OF NS-3 MMWAVE MODULE
TO EVALUATE MILLIMETER WAVE PERFORMANCE
IN NEW FIFTH-GENERATION NETWORK

Nguyen Quoc Dung
Ha Tinh University, Ha Tinh, Vietham
Received on 02/10/2023, accepted for publication on 27/12/2023

The new generation mobile network 5G has become the main technology
foundation in the architecture of the Internet of Things (10T). In particular, millimeter wave
communication technology in 5G is the core technology of the new generation network.
Research on 5G networks faces many challenges in deploying real-life models to evaluate
effectiveness. To resolve those issues, the article introduced the mmWave module
integrated in the NS-3 network simulation toolkit to simulate and evaluate 5G network
performance. The mmWave module is applied to simulate 5G network scenarios with the
signal-to-noise ratio parameter SINR (Signal Interference + Noise Ration), thereby
evaluating the wave quality from the base station to the terminal users to determine the
most optimal location to build the base station.

Keywords: Internet of Things; millimeter Wave; 5G network; network simulator;
NS-3.
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