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TOM TAT

Simu5G la mot mo6 phong chay trén phan mém OMNeT ++ d€ m6 phong mang 5G.
Simu5G cho phép nguoi dung md phong dit liéu cua viée trién khai mang 5G, 6
goc dd bao gom tat ca cac 16p giao thirc, lam cho né tré thanh mot cong cu o gia
tri cho cac nha nghién cttu quan tam dén viéc danh gia hiéu sudt cia mang va dich
vu 5G. Bai viét nay mo ta vé mod hinh hoa cac 16p giao thiec, cac thuc thé mang va
chtec néng, dong thoi xdc nhan tinh triru twong ctia 16p vat 1y bang cach skt dung
cac kich ban dua trén 3GPP. Hon nira, bai viét trinh bay cach Simu5G c6 thé duoc
st dung dé danh gia cac dich vu tinh toan bién da truy cap (MEC) duoc cung cap
thong qua mang 5G.

Tt khoa: SiMu5G, mang 5G, tinh toan bién da truy cap (MEC).

MO PAU

5G la mot cong nghé dot pha bat budc phai c6 d€ dap ting cac yéu cau vé dung
luong va hiéu sudt cua cac mang trong twong lai. Nhu cau bang thong 16n va yéu cau
d6 tré cuc thap, can thiét boi cdc ing dung dang phat trién (nhw Al, IoT, cong nghé
thuce t€ tang cuong (Augmented Reality - AR), thuc t€ do (Virtual Reality - VR), co so
ha tang diéu khién tir xa va cac kich ban 1oT), doi hoi 5G phai duoc hd trg béi cac cong
nghé méi ndi khac nhwe SDN/NFV va tinh toan bién da truy cap MEC. Bang cach dua
mady tinh d&én gan hon véi nguoi ding, MEC htta hen sé dap ting cac han ché vé do tré
va bang thong mong mudn. Cac co quan tiéu chuan hda, nhu 3GPP (cho 5G) va ETSI
(cho MEC), da va dang lam viéc theo hudéng hop ly héa cac thu tuc lién két gitra cac hé
théng 16i 5G va MEC. Céc thong s6 ki thuat 5G va MEC cung cap cai nhin sau sac vé
chién luoc tich hop du kién trong twong lai - lam cho MEC hoat dong nhu mot chic
nang ung dung 5G dé tuwong tac voi hé thong 3GPP 5G dé diéu khién luu lugng va tiép
nhan cdc sy kién di dong [1-10].
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Hinh 1. Trién khai hé thong tich hop MEC trong mang 5G

MEC la mét yéu t6 quan trong trong viéc trién khai 5G. MEC cho phép nha
diéu hanh va cac dich vu ctia bén tht ba duoc luu trit gan diém truy cap cta thiét bi
nguoi dung (UE — User Equipment). MEC cho phép trién trién khai kha ndng tinh toan
dam may ¢ bién mang (Hinh 1). Do d6 MEC duoc coi la can thiét trong ca ba kich ban
stt dung mang 5G [11-12].

Simu5G, duoc biét dén nhuw 1a mot thw vién moé phong mang 5G dua trén phan
mém md phong OMNeT++ [13-14]. Simu5G bao gom tap cac mo6 hinh c6 giao dién
duoc xac dinh 10 rang, ¢ thé duoc khoi tao va két ndi d€ xay dung cac kich ban mo
phong phtic tap tuy y va hoan toan cé thé két hop véi thw vién INET, cho phép nguoi
dung mo phong cac kich ban end-to-end lién quan dén két hop tuy y cac mang TCP/IP
bao gdm giao dién 5G NR 16p-2.

Simu5G cho phép nguoi duing viét ma va thir nghiém, chang han nhu cac so d6
quan ly va phan phdi tai nguyén trong mang 5G, vi du: lwa chon UE, st dung so d6
diéu ché nao, ..., c6 tinh d&n su phdi hop nhiéu gitta cac t& bao, lira chon séng mang,
hiéu suét nang lwong, ... D6i v6i cac dich vu ¢6 lién quan, né cho phép nguoi dung
khoi tao cac tinh hudng trong dé ing dung nguoi dung, chay tai UE, giao ti€p voi tiing
dung MEC luu tra tai may chu MEC, d€ danh gia (vi du) do tré phan hoi hoéi caa dich
vu thé hé mdi, bao gom thoi gian tinh toan tai mdy cha MEC.

Y tuéng ctia bai phan tich mé phong md hinh ctia khung MEC duogc tich hop
véi trinh gid 1ap Simu5G, bang cach xdy dung mot kich ban md hinh mo phong
MultiMechost trong Simu5G. Mot s6 két qua phan tich mo hinh ciing da duoc thé hién
thong qua viéc danh gid véi cac do thi, lam co sd cho cac nghién ctru tiép theo. Noi
dung tiép theo cta bai bdo gom: phéan 2 trinh bay mot kich ban mé phong MEC tich
hop véi mang 5G trong Simu5G. Két qua phan tich thong qua cac d6 thi cia mot s6 md
phong, sé duoc trinh bay ¢ phan 3. Cudi cung la phéan két luan.
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2. MO PHONG KICH BAN MEC TiCH HOP TRONG SIMU5G
2.1 M6 hinh kich ban

Trong ndi dung phéan nay, ching tdi xem xét mot kich ban mé phong nhu ¢
Hinh 2. Theo d6, hé thong MEC chita mét quan ly vong doi tng dung nguoi dung
(UALCMP), mot bo diéu phdi MEC va hai may chu MEC, cu thé la mecHostl va
mecHost2, duoc lién két voi mot gNB. Thiét bi nguoi dung di dong la mot vecto cta
UE, mdi UE chay mot tng dung c6 tén la UEWarningAlertApp. Nhiém vu tiép theo
tao mot ting dung MEC c6 téen MECWarningAlertApp, itng dung nay duoc cho la sé
duoc tich hgp trong hé thong MEC trong qua trinh khoi tao mang va gtii thong bao
canh bao t6i thiét bi di ddng (UE) khi chiing

di vao vung nhan dang gNB.
g% B e, L5 e = >

wil PN | 2 S ~

Hinh 2. M6t kich ban m6 phéng Multi Host

Muc tiéu kich ban mo6 phong: Danh gia két qua truyén dir liéu cac goi tin yéu
cau khoi tao ing dung UEWarningAlertApp ttr cac UE khi vao vung nhéan dang cta
gnb1, gnb2 vdi yéu cau két ndi tot nhat theo Hinh 3. Ung dung MECWarningAlertApp
duoc tao ra trong hé thong MEC tur viéc goi va khoi tao yéu cau MEC phuc vu cua cac
UE.

: o . g & |- UEWazningAleztApp-———————————
% UEs associates to the best BS at the beginning of the simulati s |+ oer+r.oumapes - 2
- 200 | *.ue[#].app[0].typename = "DeviceApp”
f_ug[*]_macCgllId =1 101 *.us[*].app[0].localPort = 4500
102 | *.we[*].app[0].VALCMPAddress = "ualcmp"
*,ue[*].masterld = 0 103 | *.ue[*].app[0].UALCMPRort = 1000 ) ) )
104 *.us[*].app[0].appPackageSource — "ApplicationDescriptors/WarningAlertApp.3son”
* * = 105
.UE[ ].Il].'HﬂCCEllId 1 106 *.ue[*].app[l].typename = "UEWarningAlertipp"
; N _ 207 | *.uel#].app[1].deviceAppAddress — "ue["+string(ancestorindex (1))+"]"
.ue[*].nrMasterld = 1 108 | *.wel*].app(l].deviceAppPort = 4500
. .. 108 | *.we[*].app[l].startTime = 1s
** dynamicCelldssociation = true 115 | *.usr#].2ppl1]. stopTine = 355
111
*% enablefandover = true 112 *.ue[*].app[l].positionX = 600
113 | *.we[*].app[l].position¥ = 600
114 | ¢

Hinh 3. Diéu kién UE két n6i gNB Hinh 4. Cau hinh UE

C4au hinh UE chay tng dung c6 tén UEWarningAlertApp chiu trach nhiém yéu
cau khoi tao Services MEC t6i UALCMP. Bén canh mé-dun trién khai logic cua
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MECWarningAlertApp, AppDescriptor cling duoc yéu cau. Tép AppDescriptor mo ta
MECWarningAlertApp duoc hién thi trong Hinh 4.

Ifng dung MEC yéu cau 10 MB RAM, 10 MB bd nh¢, 1500 MIPS CPU va tng
dung dwgc yéu cau st dung la dich vu dinh vi (LocationServices) nhu Hinh 5.

1

rviceRequired": "MEWarninghlertService"

Hinh 5. Khai bao AppDescriptor cho

Hinh 6. Cau hinh hé thong MEC

WarningAlertApp
Poan ma cua tép omnetpp.ini trong Hinh 3 hién thi cdu hinh lién quan dén hé
thong may chtu MEC. Ca hai may cha MEC déu cé cung kha nédng tinh toan, nhung chi
mecHost2 ¢6 dich vu dinh vi chay trén nén tang MEC cta noé. Vi thé, né sé la dich vu

duoc nguoi diéu phdi MEC chon d€ trién khai ting dung MEC.

2.2 Céc tham s6 mé phong.

Bang 1. Cau hinh tham s6 mo6 phong

Tén tham s Gia tri Tén tham s Gia tri
#gNB 2 gNB2 initial (X, Y) (750m, 500m)
#UE 3 UE[0] initial (X,Y) (800m, 600m)
sim-time-limit 35s UE[1] initial (X,Y) (875m, 600m)
Carrier Frequency 2GHz UEJ2] initial (X,Y) (950m, 600m)
numBands 50 UE speed 13.89mps;

20.89mps;
60mps
gNB1 initial (X, Y) (250m, 500m) UE TxPower 26 dBm
gNb TxPower 46 dBm mecHost2 lus; 3us; 6us;
subscriptionServiceTime | 11us
targetBler 0.01 Dynamic Cell Association | TRUE
blerShift 5 Enable Handover TRUE
fbPeriod 40 UE[*] mobility typename | LinearMobility
mecHost2 2us;
requestServiceTime 5us; 10us; 20us
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Trong gidi han cta bai viét, & day chung toi chi tim hiéu vé appDescriptor médc
dinh so sanh véi sy thay d6i thong s6 toc do di chuyén cua cac UE, yéu cau thoi gian
phuc vu ctia mecHost2. Két qua chay mé phéong dwogc sit dung d€ phan tich va danh
gia.

2.3 Phén tich két qua

Dua theo cac m6 hinh da phan tich ¢ trén, trong phan nay, bai bao sé tap trung
vao phéan danh gia hiéu nang hé thong véi cac thong s6 thay do6i d€ nhdn manh tinh
hiéu qua ctia cdc m6 hinh ma bai bao da phan tich thong qua phan mém tinh toan dwoc
tich hop truc tiép trén mo6 phong. Dua theo két qua phan tich tir cac lwoc d6 trang thai,
chiing t6i st dung phuong phap phéan tich so sanh khi thay doi tham sg, tit d6 tinh
toan cac thong sd do do (hiéu suat st dung mady cha, xac suat tic nghén), sau do tién
hanh md ta vé mat do thi sy bién thién ctia cac gia tri phu thudc vao lvu luong mang.
2.3.1. Cacnut UE

- Phan tich ty 1é nhiéu tin hiéu tai cac UE[0], UE[1], UE[2] trong treong hop
Downlink (DL) qua 2 lan m6 phong tng véi cac trwong hop thay déi thong s tdc do

UE, gitt nguyén thoi gian phuc vu cia mecHost2, durgc mo ta qua cadc Hinh 7, Hinh 8,
Hinh 9.

SINR measure af feedhack computation DL Nic UE[0] SINR measure af feedhack computation DL Nic UE(1]

— Speed:13.89mps: requestServiceTime: 10us:subscriptionserviceTime: 6us 0 — Speed:13.89mps;requestServiceTime: 10us:subscriptionServiceTime:6us
Speed:20.89mps;requestServiceTime:10us;subscriptionServiceTime:6us Speed:20. srequestserviceTime: 10us: 6Us
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Hinh 7. So d6 nhiéu tin hiéu DL tai Nic UE [0] ~ Hinh 8. So d6 nhiéu tin hiéu DL tai Nic UE qua
qua 2 lan mé phong 2 lan m6 phong

SINR measure af feedback comutation DL Nic UE[2]
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Hinh 9. So d6 nhiéu tin hiéu DL tai Nic UE [2] qua 2 lan md phong
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K&t qua tinh toan chi tiét cac gia tri do do nhidu tin hiéu DL tai UE[0]; UE[1];
UE[2] duoc thé hién trong Bang 2.

Bdng 2. Két qua tinh todn nhiéu tin hiéu DL tai Nic UE[0]; UE[1]; UE[2]

Thong s6 UE [*] Mean Variance
(Téc a6 di chuyén ctia UE, (ky vong) (phwong sai)
Thoi gian phuc vu) (dB) (dB?)
UE[0] 52.606419 61.543035
20.89mps; 10us; 6us UE[1] 52.291107 101.378416
UE[2] 47.795329 80.563572
UE[0] 54.229511 68.583877
13.89mps; 10us; 6us UE[1] 54.821087 67.203575
UE[2] 50.911553 52.743747

Bang 2 cho ta thay dwoc khi thay ddi t6c do di chuyén cua cac UE véi toc do

cang 16n thi cho gid tri phwong sai cang 16n. Diéu nay cho ta thdy dugc su phan tan

cang nhiéu quanh gid tri gia tri trung binh cua ty 1& nhiéu tinh hiéu trong treong hop

DL lam anh hudng 16n dén két qua truyén du liéu trong mang.

Tuong tu, phan tich ty 1é nhiéu tin hiéu tai cac UE[0], UE[1], UE[2] trong treong

hop Uplink (UL) qua 2 lan md phong ting véi cac truong hop thay d6i thdng so toc do

UE, git nguyén thoi gian phuc vu ciia mecHost2, dwgc mo ta qua cac Hinh 10, Hinh
11, Hinh 12.

SINR measure at feedback computation UL Nic UE[0]

SINR measure at feedback computation UL Nic UE[1)

peed:1 0 Time:10us;sub:

—— Speed:20.89mps; req
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Hinh 10. So &6 nhiéu tin hiéu UL tai UE[0]
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SINR measure at feedback computation UL Nic UE[2]

— Speed:13
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Hinh 12. So &6 nhiéu tin hiéu UL tai Nic UE [2]

Két qua tinh toan chi tiét cac gia trj 6 do nhiéu tin hiéu UL tai UE[0]; UE[1];

UE[2] duoc thé hién trong Bang 3.

Bdng 3. K&t qua tinh toan nhiéu tinh hiéu UL tai UE[0]; UE[1]; UE[2]

Thong s6 UE [*] Mean Variance
(Téc a6 di chuyén ctia UE, (ky vong) (phwong sai)
Thoi gian phuc vu) (dB) (dB?)

UE[0] 35.607057 39.378148

20.89mps; 10us; 6us UE [1] 35.321357 67.839828
UE [2] 32.641823 61.781031

UE[0] 28.771672 64.066609

13.89mps; 10us; 6us UE [1] 33.374315 65.058173
UE [2] 35.991807 54.461819

Dua vao Bang 3 cho ta thdy dwoc khi thay d6i t6c d6 di chuyén cua cac UE véi
toc d§ cang cao thi cho gia tri phuong sai cang nho. Diéu nay cho ta thdy duoc gia tri
cang tap trung quanh gid tri trung binh ctia ty 1& nhiéu tinh hiéu trong treong hop UL
lam anh huéng 16n dén két qua truyén dix liéu trong mang.

Két qua so sanh theo théng s6 do tré (Delay) tai Rlc Downlink (DL) caa UEJ[0],
UE [1], UE [2] qua 2 Jan m6 phong ting véi thay doi thong s tdc dd UE khong thay
ddi, yéu cau thoi gian phuc vu ctia mecHost2 duoc thay doi, dugc thé hién qua cac
Hinh 13, Hinh 14 va Hinh 15.
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Hinh 13. D$ tré (Delay) theo duong DL tai UE [0]
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Hinh 14. D6 tré (Delay) theo duong DL tai UE [1]

Delay at the ric layer DL UE[2]
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Hinh 15. D9 tré (Delay) theo duong DL tai UE [2]

Qua Hinh 13, Hinh 14, Hinh 15 khi thay d6i thoi gian phuc vu tai MecHost 2
véi khoang thoi gian thay doi nho, tdc d6 di chuyén UE véi van t6c cao 60 (mps). Diéu
nay cho ta thdy do6 tré goi tin tiém can gan bing nhau trong treong hop DL. Két qua
nay phu hop voi tdc d6 truyén tai mang 5G véi téc do cao.

Két qua so sanh theo thong s6 do tré (Delay) tai Rlc Uplink (UL) ctia UE[0], UE
[1], UE [2] qua 2 lan md phéng tng vdi thong s6 toc dd UE khong thay doi, yéu cau
thoi gian phuc vu ctia mecHost2 dwgc thay doi, duoc thé hién qua cac Hinh 16, Hinh

Delay at the ric layer UL UE[1]

17 va Hinh 18.
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Hinh 18. D6 tré (Delay) theo duong UL tai UE [2]
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Qua Hinh 16, Hinh 17, Hinh 18 khi thay d6i thoi gian phuc vu tai MecHost 2
v6i khoang thoi gian thay doi nho, toc do di chuyén UE véi van t6c cao 60 (mps). Diéu
nay cho ta thdy do tré goi tin tiém can gan bing nhau trong treong hop UL. Két qua
nay phu hop vdi téc do truyén tai mang 5G voi tdc do cao.

2.3.2. Tai nat gNB
- Két qua so sanh theo thong s6 do tré (Delay) tai gNB1, gNB2 qua 2 [an md

phong tng voi thong s6 tdc do UE khong thay doi, yéu cau thoi gian phuc vu cta
mecHost2 duoc thay d6i, duoc thé hién qua cac Hinh 19 va Hinh 20.
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Time 5]

Hinh 19. D tré (Delay) MAC tai gNB1 Hinh 20. D) tré (Delay) MAC tai gNB2

So sanh d6 tré dir lidu tai gNB1, gNB2 khi UE dat toc d¢ di chuyén cao 60mps
véi thoi gian phuc vu tai MecHost 2 thay d6i. Theo Hinh 3.26, Hinh 3.27, Hinh 3.28
duoc hién thi o it sy thay doi vé do tré di liu khi truyén qua cac gNB 1, gNB2. Su
thay déi nay dién ra khong 16n véi ly do khoang cach thay ddi thoi gian phuc vu cta
MecHost 2 qua hai [an m6 phong ngén. Diéu nay khang dinh sy anh hwong tdc do xi
ly cia MecHost khong c6 anh huong nhiéu dén viéc truyén d liéu qua mang 5G

3. KET LUAN

Bai bao da tap trung nghién cttu mo hinh tich hop hé thdng tinh toan bién di
dong MEC trong mang 16i 5G. Trén co s& d6, kich ban mo6é hinh md phong
MultiMechost trong Simu5G, 1a cong cu danh gia hé thong tich hop MEC va 5G duya
trén phan mém mo phong OMNeT++. Mot s6 két qua phan tich mo hinh cling da duoc
thé hién thong qua viéc danh gia vdi cac d6 thi, lam co so cho cac nghién ctru tiép theo.
Xac dinh gid tri t6i wu cac tham sd nguwdng ctia md hinh dé€ dam bao QoS mot cach tot
nhét, dong thoi nghién ctru tng dung cac phuwong phap hoc mdy, hoc tang cuwong vao
bai toan quan ly tai nguyén trong mang 16i 5G.
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EVALUATE THE EFFICIENCY OF MEC HYBRID MODEL IN 5G NETWORK
ON SIMU5G SIMULATION SYSTEM
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ABSTRACT

Simu5G is an emulator that runs on OMNeT++ software to simulate 5G networks.
Simu5G allows users to simulate the data of a 5G network deployment, from an
all-protocol layer perspective, making it a valuable tool for researchers interested
in evaluating performance of 5G networks and services. This article describes
modeling protocol layers, network entities, and functions, and validates physical
layer abstraction using 3GPP-based scenarios. Furthermore, the Paper
demonstrates how Simu5G can be used to evaluate Multiple Access Edge

Computing (MEC) services offered through 5G networks.

Keywords: Networks, Simu5G, Multiple Access Edge Computing (MEC).
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