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MO HINH HOA PHAN CHIA TY LE KHOI NSSI TRONG PHAN
CHIA MANG 5G DUA TREN NGUONG
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Tom tit. Trong mang 15i 5G, cac chitc nang mang cé thé dugc phén chia ti 1€ (scaling-out/in)
mot cach linh hoat d€ diéu chinh dung lwgng cho cac lat mang (network slices). Quy trinh
phén chia ti 16 tw ddng nang cao hiéu sut béng cach mo rong quy md (scaling-out) cac phién
ban chtic ndng mang va giam chi phi van hanh bang cach giam quy mé (scaling-in) cac phién
ban. Cac chiic ning mang 5G phai duoc trién khai/tat dong thoi nhiéu phién ban NFIs, thuong
duoc xem xét trong mét khoi (block) cac phién ban NSSI. Vi vay, viéc thiét 1ap s6 luong cac
phién ban can trién khai dong thoi, cling nhu s8 leong phién ban can tat khi khong c6 nhuw
cau st dung sé anh huong dang k& dén hiéu qua chi phi ctia hé théng, cling nhu dam bao
chét luong dich vu QoS. Ngoai ra, viéc trién khai thiét 1ap cac khdi thuong xuyén sé lam giam
dang k& hiéu suét hé thdng (chi phi thiét 1ap), vi vay van dé dat truedc (thiét 1§p s&n) mot s
khoi nhét dinh cling can dugce xem xét. Trong bai viét nay, ching t6i s mo hinh héa hé thong
tong quat theo md hinh hang doi Markov cho bai todn phén chia ti 1 cac khéi phién ban NSSI
thudc 14t mang trong mang 16i 5G. M hinh sé tich hop 2 ngudng lién quan dén viéc thiét
1ap/gd bo (scaling-out/scaling-in) khoi NSSI dya trén luu luong truy cap ctia nguoi dung dén
hé théng. Cac két qua phan tich s6 cho thady mo hinh phéan chia ti 1é cac khéi NSSI dya trén
ngudng dé xudt trong bai bao nay cé thé gitp quan ly cdp phat tai nguyén hé théng mot cach
hiéu qua.
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modify capacity for network slices. Automatic scaling enhances performance by scaling-out

* Lién hé: dtchuong@hueuni.edu.vn

Ngay nhdn bai: 13-06-2024; Ngay nhan dang: 03-07-2024



Hoa Ly Cwong va CS. Tap 133, S6 24, 2024

network function instances while decreasing operational expenses by scaling-in instances. 5G
network functionalities must be deployed and stopped concurrently across numerous NFI
instances, which are commonly treated as a block of NSSI instances. As a result, determining
the number of instances that must be deployed concurrently, as well as the number of
instances that must be shut off when no longer in use, will have a substantial impact on the
system's cost efficiency and QoS service quality. Furthermore, using frequent block setup may
drastically lower system performance (setup cost), hence the problem of reserving (presetting)
specific blocks must be considered. In this article, we will use the Markov queuing model to
represent the whole system for scaling NSSI instance blocks corresponding to network slices
in the 5G core network. The model will include two thresholds for the setup/removal (scaling-
out/scaling-in) of NSSI blocks based on system user traffic. The numerical analysis findings
suggest that the scaling model of NSSI blocks based on the threshold presented in this study
can efficiently control system resource allocation.

Keywords: Network Slicing, Block NSSI setup, Scaling-out/Scaling-in, 5G Network, Q-TS_NB
(A Queueing Model for Thresholds-based Scaling of NSSI Block)

1 Gioi thiéu

Tir 3GPP (3rd Generation Partnership Project) Release 15 (R15) [1-5], mang bang thong
rong thé hé tht 5 (5G) duoc thiét ké khong chi phuc vu cho con nguwodi ma con cho tat ca moi tha,
bao gom ca cac loai mdy moc khdc nhau. Hon nita, cac ham chitc ndng mang (network functions)
trong cac mang 16i 5G sé duoc trién khai khong chi boi cac nha diéu hanh mang. Cac doanh
nghiép, nha may hodc co quan chinh phu cling c6 thé xay dung cac mang di dong riéng cta ho
d€ tang hiéu suat va tang cuong bao mat. Khi nguoi dung trién khai mét mang di dong riéng, cac
chtic nang mang vé mat phang diéu khién (control plane) c6 thé van duoc cung cap béi cac nha
diéu hanh. Nguoi dung chi sé hitu cac chiic ndng mit phang nguroi dung (user plane) theo yéu

cau ctuia ho [1].

Chtic nang ao hoa mang NFV (Network Function Virtualization) la md hinh kién trtic
mang dugc thiét k&€ dé€ ao hoa cac dich vu mang thuong chay trén cac thiét bi mang chuyén dung,
riéng biét. Vi NFV, cac chiic ndng nhu dinh tuyén, can bang tai va kiém soat truy cap tuong lira
duoc dong goi dudi dang cac may ao VM (Virtual Machine) hodc cac quy trinh duoc dong goi
duoc phéan phdi trén phan cing thong dung. Cac chitc ndng mang ao VNF (Virtual Network
Function) riéng 1é 1a m¢t thanh phan thiét yéu cta kién triac NFV.

Nhu duoc dinh nghia trong 3GPP TS 28.530 [5], mét lat mang (network slice) bao gom mot
sO phién ban lat mang (NSI - network slice instances), c6 thé€ dwgc phan chia ti 1é (scaled out/in)

(turned on/off - bat/tat) dé tu dong diéu chinh dung lugng ctia cac chitc ning mang 16i (Hinh 1).
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Nghia la, cac nha khai thac c6 thé dp dung cac thudt toan chia ty 1é d€ quan ly cac phién ban lat
mang NSI mot cach hop 1y [1].

:NSI : NSSI riéng
:NSSlchung () : NFI
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Hinh 1. Kién trc phan chia mang dwa trén chuan 3GPP R15 [1]

Trong Hinh 1, mot 14t mang (slice network) bao gom nhiéu NSI, chdng han nhw NSI; va
NSI,, trong d6 mot NSI ¢ thé bao gom nhiéu phién ban con lat mang NSSI (Network Slice Subnet
Instance) hodc mot NSI chi gom mot NSSI duy nhét. Vi du: NSI1 bao gom NSSI; va NSSI chia sé
chung. Mot NSSI bao gom nhiéu phién ban chitc ndng mang NFI, vé co ban chinh la cac VNFs.
Vi du: NEF, PCF, UDM, AUSF, SMF va UPF déu la cac VNF bén trong NSSI;. Ngoai ra, cac NSI c6
thé chia sé chung cac chitc ning ctia mat phang diéu khién trén mot NSSI chung (vi du: NSSI
chung trong Hinh 1 duwgc chia sé gitta NSI; va NSI,). NSSI dugc chia sé chu yéu bao gom cac chirc
ndng mat phang diéu khién mang. Do hién tuong tic nghén (ntit c& chai - bottleneck) thuong xay
ra & mat phang nguoi dung, nén cac chitc ndng mang mat phang diéu khién khong duoc trién
khai thuong xuyén thuong dwoc tich hop lai va chia sé chung boi cac NSSI, ching han nhw NSSI;
va NSSI,. Khi thiét 1ap mot két n6i, dau tién nguoi dung sé gii yéu cau xac thuc ban dau (initial
authentication) dén mat phang dieu khién. Sau khi thiét 1ap phién thanh cong, dit liéu c6 thé dugc
truyén qua UPF ma khong can di qua mat phang diéu khién. Tuy nhién, khi nguoi dung dot
nhién gri mot lwong 16n di liéu, nha diéu hanh c6 thé tu dong thiét 1ap nhiéu UPF hon nh3m
giam thiéu tac nghén hé thong.

Céc chttc ndng mang (NFI) trong mang 16i 5G c6 thé duoc phan chia ti 1€ (scaled out/in)
mot cach linh hoat d€ diéu chinh dung lwgng cho cac 1at mang (network slices). Quy trinh phan
chia ti 1&, nang cao hiéu suat bang cach mod rong quy mo (scaling out) cac phién ban (instances)
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va giam chi phi van hanh bang cach giam quy mo (scaling in) cdc phién ban. viéc phan chia ti 1é
tw dong cac NSSI trong mdi NSI c6 thé mang lai su linh hoat, giam chi phi van hanh va dap tng
cac yéu cau vé hiéu sudt ciia nguoi dung. Quy trinh phan chia ti 1é ty dong caa NSSI trong 3GPP

tuan theo hai nguyén tac [1]:

- Thieét lgp khoi (Block setup): Nhu da ndi ¢ trén, mot lat mang trong 5G c6 ba 16p khac
nhau: NSI, NSSI va (NFI - network function instance). D€ trién khai cac 1at mang, chtiing
ta thwong can xtr ly mot NSSI, khong chi bao gom mot s6 NFI ma con ¢6 thé duoc két
hop v6i cac NSSI khac dé€ tao thanh mét NSI mdi. Nghia 1, viéc phéan chia mang dwoc
xac dinh trong cac tiéu chuan 3GPP can tinh dén thanh phan va su két hop cua ting
16p. Hon nira, theo 3GPP R15, cac chitc nang mang 5G phu thudc nhiéu vao nhau. Vi
du, d€ trién khai UPF, mang phai tinh dén dung luwgng hé thong caa SMF. Néu s6 luong
UPF yéu cau vuot qua tai cua SMF, cac SMF bd sung ciing ¢6 thé dwoc trién khai. Do
dd, viéc phan chia mang 5G khong chi xem xét kién triic phan 16p ma con phan tich tac
ddng ctia viéc phan chia ti 1&€ nhiéu NFI (multiple NFIs), dugc goi la khoi (block) trong
bai bao nay.

- Dqt truoc tai nguyén (Reservation): Trong ETSI GS NFV-IFA 010 [4] va 3GPP 28.531 [5],
cac co quan tiéu chuan dé xudt khéi niém dat trudc (hay du tri, danh truede) tai nguyén,
trong d6 hé thong bat truede (turn on) mot s6 phién ban mang NFI (network instances) d€

phong ngtra tinh trang luu lwgng yéu cau truy cap tang cao dot ngot.

Trong bai bdo nay, ching t6i sé m6 hinh hoéa bai todn phan chia ti 1€ (thiét 1ap/gd bo) cac
kh&i NSSI (v6i nhiéu VNFs tao thanh mét khéi NSSI) thudc mot NSI (trién khai thiét lap/gd bd
nhiéu khoi NSSI) trong mot lat mang mot cach linh dong (dynamic) theo luu lwong UE dén dua
trén cac ngudng scaling out/in cho mang 16i 5G bang mo hinh hang doi Markov [1, 6]. Chi tiét
mo hinh dé xuat sé dugc trinh bay trong phan III cuia bai bdo nay.

DPoéng gop chinh cta bai bao gom:
(1). Xay dung thuat toan phan chia ti 1é (md rong quy md) nham thiét 1ap/gd bo khdi NSSI

trong phan chia mang 16i 5G dua trén luu luong yéu cau dén.

(2). Xay dung md hinh hang doi nham mo hinh hda bai toan phan chia ti 1& theo kh&i NSSI
dong theo cac ngudng thiét 1ap va gd bd khoi ting véi cac NSI thudc 1lat mang trong mang 16i 5G.
Mo hinh méi vi vay sé co tén la Q-TS_NB (A Queueing Model for Thresholds-based Scaling of
NSSI Block). M6 hinh toan hoc ctia chung t6i dua trén chuan 3GPP va cho phép diéu chinh cac
tham s6 nhw kich thude khéi, quy md hé théng, téc d6 dén, téc d6 phuc vy, cac tham s6 ngudng, ...
dé€ danh gia tac dong ctia ching dén hiéu sut cua hé thong. Van dé nay duoc thé hién trong phan

phan tich két qua cta bai bao nay.
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No6i dung tiép theo cua bai bao bao gom: Phan II khao sat cac tai liéu lién quan vé phan
chia ti 1&é d€ quan ly tai nguyén trong 16i 5G ; m6 hinh dé xuédt Q-TS_NB phan tich bai toan phan
chia mang trong mang 16i 5G dua trén kiém sodt theo cac nguwdng duoc trinh bay trong Phan III;
Phén IV trinh bay két qua phan tich dya trén m6 hinh thuét toan dé xuat. Cudi cung la phan két

luan va hudng phat trién cua bai béo.

2 Cac cong trinh nghién cttu lién quan

Nhiéu nghién ctru ttng dung mo hinh hang doi véi bai todn phan chia ti 1€ tai nguyén trong
mang da duoc dé xuat [1, 6, 7-8]. Cac tac gia trong [7] xem xét hé thong x&p hang v6i hang doi va
nhom hang doi retrial cia né € mo hinh hda cong nghé phan chia mang trong mang khong day
5G. Trong cdng trinh [8], cac tac gia dé xuat ba so liéu (three metrics) ¢ thé duoc sit dung dé€
danh gia hiéu qua ctia phan chia mang dong. Mot mét, viéc phan chia lai (re-slicing) c6 thé dan
dén viéc cap phat tai nguyén thich ttng hon cho cac nha khai thac mang 4o (VNO - virtual network
operators) khac nhau, nhung c6 thé phét sinh chi phi bao hiéu. Mit khac, s lwong phan chia lai
khong du c6 thé 1am giam déng ké chat lwong dich vu cho nguoi dung VNO, nhung giam do tré
tin hiéu. Céc sd liéu dé xudt trong [8] c6 thé duoc sit dung d€ phan tich tdc dong noi trén. Theo
d6, ho da minh hoa céc s6 liéu bang mo6 hinh m6 phong cho thuat todn phan chia mang dong don
gian. Dong thoi, cac tac gia trong [8] cling dé xuat mot cach tiép can st dung mo hinh hang doi

dé phan tich viéc phan chia mang doéng cho 2 VNO.

Céc chién lugc phan chia ti 16 tw dong trong NSSI c6 thé mang lai su linh hoat, giam chi
phi van hanh va dap tng cac yéu cau vé hiéu sudt cia nguoi dung. Tuy nhién, viéc phan chia ti
1¢ thwong xuyén khong chi 1am giam hiéu sudt hé thdng ma con dan dén chi phi ting dang ké, vi
vay cac tac gia trong [1] xem xét tdc ddng cua viéc dat trude sd phién ban NFI d€ phong ngtra
tinh trang luu luong yéu cau truy cap tang cao dot ngot, dong thoi thiét ké thiét lap khoi, tic 1a
1ap m6 hinh nhiéu VNF dwéi dang mot khéi (multiple VNFs as a block) va xem xét viéc trién khai
nhiéu khoi theo chién lwge phan chia ti 1€ theo ngudng. Véi cach tiép can dua trén ngudng, cac
tac gia trong [1] tan dung cach thitc nguong don/kép dé thiét ké co ché thiét lap khai, trong do
t6i wu hoa thoi gian thiét 1ap va s§ luong phién ban bang cach kiém soat gia tri ngudng va xac
dinh thoi gian tat va s§ luong phién ban dua trén nhu cau ctia nguoi van hanh. Tuy nhién viéc
thiét 1ap khoi dua trén ngudng m ting voi cac yéu cau UE trong hang doi ¢ thé gap van dé vé do
tré, diéu nay sé duoc chiing tdi khéc phuc trong mo hinh dé xuét ctia bai bao nay tai phan tiép
theo.

Trong 5G, UPF la chtic néng mat phang nguoi dung (user-plane), duoc st dung dé truyén
dt liéu. Cu thé, UPF chiu trach nhiém duy tri bang dinh tuyén va thiét lap cac dwong ham GTP
dé chuyén tiép cac gdi tin. Trude khi truyén, UPF giai ma cac tiéu dé cua goi va tim kiém cac quy
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tac dinh tuyén (routing rules) trong tap dit liéu ctia nd. Trong 3GPP R15, chiic ning quan ly phién
(SMF - session management function) c6 thé kiém soat/diéu khién nhiéu UPF. D6i vdi cdc nha
khai thac (operators), lam thé nao d€ thiét 1ap moét sd lwong 1on UPF véi chi phi thap nhat dong
thoi dép tng yéu cau ctia nguoi dung ludn la mot thach thiee. Theo d6, cac tac gia trong [6] da dé
xuat mot mo6 hinh hang doi cho hé thdng mat phéng dit liéu UPF trong mang 16i 5G dwa trén
thuét toan chia ty 1& theo ngudng d€ quan ly cac UPF mot cach hop 1y. Y twdng phan chia ti 1é

theo ngudng trong [6] cling sé duoc ching toi 4p dung vao mo hinh trong bai bao nay.

3 Mo hinh hang dgi cho bai toan phén chia ti 1¢ cdc khoi NSSI dua trén
nguong trong phan chia mang 5G
3.1 Mo hinh héa hé théng phan chia ti 1¢ theo khéi NSSI dwa trén nguong

Mo hinh hé thdng phan chia ti 1é cac khoi NSSI thudc mét NSI trong mot lat mang duoc
md hinh héa theo m6 hinh hang doi Markov M/M /K /K dwoc chi ra trong Hinh 2.
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Hinh 2. M6 hinh phén chia ti 1& theo kh6i NSSI dua trén ngudng
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Theo d6, gia thiét sé ¢ K phién ban NFIs a0 hoa trong mot NSI duoc chia thanh t6i da L
khdi NSSI, trong d&6 mdi khdi chika k phién ban (khdi cudi cling c6 thé c6 r phién ban véi r < k).
Hé thong sé khoi tao (bat trudc) t6i thiéu M khoi (M < L), cac khoi con lai sé duwoc thiét 1lap
(scaling-out) hodc tat (scaling-in) theo thuat toan phan chia ti 1& (scaling) dwa trén nguong (Thuat
toan 1) tuy thudc vao luu luong cac UE yéu cau dén [1,6]. Van dé dit ra trong mé hinh phén tich
& Hinh 2, d6 1a c6 thé dat hiéu qua chi phi stt dung tai nguyén ctia ctia hé thdng bang cach phan
tich cac van dé: dat truéc, thiét lap va gd bo khoi dong [1][6]. Cac 1at mang (slice network) duwoc
trién khai v6i cdu truc phan 16p trong d6 nhiéu NFI duoc thiét lap d€ tao thanh mot NSSI va
nhiéu NSSI duogc trién khai d€ tao thanh mot NSI [1]. D€ dat duwoc muc tiéu nay, ching ta xem k
phién ban NFI la mot khoi (block) d€ m6 ta mdi quan hé gitta cac NFIs va NSSI va thiét lap céc
khoi riéng biét d€ mo ta moi quan hé gitra NSSI va NSI. Ngoai ra, viéc trién khai thiét 1ap cac khoi
thuong xuyén sé lam giam dang ké hiéu suat hé thong (chi phi thiét 1ap), vi vdy mo hinh cling
thuc hién dat trede (thiét 1ap san) dat truede t8i thiéu M khai NSSI, dong thoi st dung cac gid tri
ngudng thiét 1ap va gd bo khoi (T; va T, mot cach twong ting), phut hop d€ dam bao viéc cap phat
tai nguyén mot cach hop ly. Cac thong s6 quan trong trong md hinh duoc gidi thiéu trong

Bang 1.
Bang 1. Cac ky hiéu duoc st dung trong mo hinh thresholds-based scaling
Ky hiéu Y nghia
I(t) S8 lugng céc yéu cau UE dang duwoc phuc vu boi cde NFI
J(®) S6 lwong khoi NSSI (chita cac NFI ao dong) dang dwgc trién khai tai thoi diém ¢
K Tong s phién ban NFI 40 ma hé thdng cung cap
k S6 luwong phién ban NFI ao trong mét khéi NSSI (kich thudce khoi)
r S6 lwong phién ban NFI 4o trong khoi NSSI cudi cung (kich thwdce khéi thi L)
SS lwong phién ban NFI ao rdi t&i da khi c6 j khdi NSSI da dwoc trién khai (M < j < L)
Ny voi diéu kién N; = {(jj—xll;g;[c ii’sz) L)
M S0 khoi NSSI (chira cac NFI ao) duoc dat trude.
L S6 khéi NSSI t8i da (bao gom ca cac NFI do dat truede va cac NFI ao ddng) cé thé duoc
khoi chay cta hé théng (L = K /k).
A T6c d6 dén trung binh cta cac yéu cau dich vu
i T6c d6 phuc vu mot yéu cau UE
Ty Ngudng thiét 1ap (scaling-out) khéi NSSI (chita cac NFI a0 dong)
T, Ngudng tat khdi (scaling-in) NSSI (chita cac NFI ao dong)
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Trong mo hinh hé thong nay, chung toi st dung gia tri nguong (T;) d€ xac dinh khi nao
(thoi diém) khoi NSSI can duoc thiét 1ap theo cac chién luoc tiét kiém chi phi ctia nha khai thac,
goi la ngudng cho quyét dinh chia ty 1é scaling-out [6]. Viéc stt dung ngudng T, & day khic phuc
duoc van dé dung nguwdng m nhw mo hinh trong [1], theo d6, trong [1], khi cac yéu cau dén ma
tat ca ny NFI da duoc cap phat, UE phai duoc dua vao hang doi, diéu nay co thé lam tang do tré
cua cac UE. Thay vao d6, mo hinh ctia ching t6i st dung ngudng T; cho phép thiét 1ap trudce cac
kh&i NSSI tuy theo Ivu lwong vao, ddm bao khi cac UE dén ludn ¢ sén tai nguyén (cdc phién ban
NFI) &€ cap phét. Tuong tu, gia tri ngudng tat (g& bo) khdi, con goi la ngudng cho quyét dinh
chia ti 1é scaling-in, ky hiéu 1a T, dwoc ap dung khi hé thdng can tit mot hodc mot vai khdi NSSI
dang rdi trong trueong tai hop luong dén thap nham tranh lang phi tai nguyén, giam chi chi van
hanh céc khdi [6].

3.2 Thuit toan phan chia ti 1é khdi NSSI dya trén ngudng

Theo phan tich ¢ trén, goi I(t) biéu thi s& yéu cau UE dang dugc phuc vu boi cac phién
ban NFIs va J(t), (M < J(t) < L), 1a s6 khdi NSSI (chita cac NFI do dong (theo Hinh 2) dang duoc
bat) tai thoi di€ém t. S6 yéu cau UE t6i da c6 thé duoc phuc vu tai thoi diém t 1a Ny =
[M] Xk + l@J x r. Trong m6 hinh phén tich nay, viéc thiét 1ap va tat cac khéi dwoc thuc

L L
hién mét cach linh dong theo luu luong UE dén dwa vao cac ngudng T; va T,. Cu thé, mo hinh sé
thiét lap mot khoi gom k phién ban (scaling-out) khi s6 UE dang duwoc phuc vu dat dén gia tri
N; — Ty — 1 theo ngudng T;. Ngoai ra, mo6 hinh cing sé tat mot khai gom k phién ban khi ¢ k
phién ban (trong 1 khdi) déu ¢ trang théi rdi, tuong tng véi truong hop khi s8 UE dang duoc
phuc vu dat dén gid tri N; — T, + 1 theo ngudng T,. Viéc kiém soat cac gia tri ngudng trong thiét
lap va go bo khdi (T; va T, mot cach tuong ting) c6 thé duwoc thuc hién bang cach ap dung cac
thuat toan chia ty 1é (scaling algorithm) d€ quan ly cac phién ban lat mang NSSI mot cach hop ly
(Thuat toan 1).
Thuit todn 1: phan chia ti 1é cac kh&i NSSI theo ngudng [6]:
Input: cacgiatriM, L, k, A, u, Ty, Ty,
Output: 1(¢t),/(t)
Y twong:
1. WhileI(®) < (L—-1)xk+r
JOx@-1) J@®
2. [+lxk+lTJXT—)N](t)

3. | <Khi c¢6 UE dén>
{
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10.

11

It)-=1(t)+1
If1(t) = Nypy = Ty — Land J () < L
JO -+ /] scaling-out
}
<Khi ¢6 UE roi di>
{
It)-1t)-1
IfI() =Ny —T+1landj(t) =M +1

JO-J® -1 // scaling-in

}
. Return I(¢),](t)

O day thuét toan c6 d6 phtic tap O(k X L).

3.3 Mo hinh Q-TS_NB

M6 hinh Q-TS_NB ¢ thé duoc m6 hinh héa hoat ddng quan ly tai nguyén tng véi mot lat
mang NSI 1a mot chudi Markov hai chigu véi thoi gian lién tuc CTMC {(1(¢),] (1)), t = 0}, t8c dd

cua cac yéu cau UE dén duoc gia thiét theo phan phdi Poisson A va khoang thoi gian phuc vu

theo phan ph6i ham mi i (p1a tdc d6 phuc vu). Ta c6 khong gian trang thai S = {(i, /)i € ,j € J}

Vi cac budce chuyén trang thai twong tng trong mo hinh c6 thé dwgc mo ta theo Thudt toan 1,
nhuw sau [6]:

Chuyén ttr trang thai (i,j) sang (i + 1,j): khi c6 yéu cau UE méi dén va hé thdng co
thé phuc vu duoc (cdp phat 1 phién ban NFI), va s6 luong khoi NSSI khong diéu chinh

tang, voi mot trong cac cac diéu kién nhu sau:

o 0<i<Ny-T, —2,j=M,

o N-T,<i<N-T,-2,M<j<lL,

o N,—-T,<i<N,—1,j=L.

Chuyén tur trang thai (i,j) sang (i + 1,j + 1): khi c6 yéu cau UE mdi dén va hé thong
6 thé phuc vu duoc (cdp phat 1 phién ban NFI), dong thoi khoi chay (bat) khoi NSSI
moéi dua trén quy tac hoat dong & trén (scaling-out). Lucnay i =N, - T, — 1, M < j <
L.
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- Chuyén ti trang thai (i,j) sang trang thai (i — 1,j): khi c6 mot nguoi dung da hoan
thanh va roi di (tra lai 1 phién ban NFI), s§ khdi NSSI da bat van dwoc gitt nguyeén,
v6i mot trong cac diéu kién nhu sau:

o 1<i<Ny-T,j=M,
o N-T,+2<i<N-T,M<j<lL,
(e} NL_T2+2SLSNL,J.=L.
- Chuyén tr trang thai (i,) sang trang thai (i —1,j — 1): khi ¢c6 mdt nguoi dung da
hoan thanh va roi di, dong thoi hé thdng cling chdm dit mot khoi NSSI dwa trén quy
tac hoat dong & trén (scaling-in). Licnay i < N; — T, + 1, M < j < L. Véi truong hop
chonT, =k, co thé viétlaii <N;—k+1lhayi<k-(G—1)+1,vé6iM <j<L.
Khi d¢6, khong gian trang thai S ctia qua trinh Markov CTMC {(I ®),] (t)), t > 0} dwoc biéu
thi bang [6]:

S={{,M):0<i<Ny—-T,—1U{(j)):N-T,+1<i<N-T,-1,M<j<L}

U{GL):N, -T,+1<i<N}
S6 cac trang thai la:
=Mxk+T,-T,+(T,-T, - DL -M-1D+k—r

Céc trang thai (states) khi c6 j khoi NSSI duoc khoi chay duoc goi la trang théi cap do
(level) j. Néu véi j, M < j < L, cac khdi NSSI dugc trién khai, do quy tic hoat dong, sé ¢ hai
trang thai dac biét xay ra:

- Trang thai (N] +k— Tz,j) c6 thé dat duoc tir trang thai (N] +k-T,+1,j+ 1)
(N + k=T, +1,j+1) > (N; + k = T5,j)) do su roi di ciia mot UE va hanh dong
scaling-in duoc thuc hién dé tit mot khai NSSL

- Trang thai (N; — k — Ty, j) 1a két qua hanh dong scaling-out tir trang théi trude d6 la
(N;—k=Ty=1,j—1) (% —k=T,=1,j=1) > (N; = k=T, j)) khi mot yéu cau
UE dén (va khéi tao 1 khdi NSSI).

O day, c6 hai truong hop can phén biét trén dwa theo méi quan hé gitra N; +k—T,vaN; —

k —T;. Trong treong hop dau tién N; + k —T, = N; —k — T, (ttec 1a T, — T; < 2k). Truong hop
tht 2 twong tng v6i T, — Ty > 2k. Trong pham vi bai bao nay, ching t6i chi xét trueong hop N; +
k=T, = N; —k =Ty, hay T, — T; < 2k. Truong hop con lai da dugc chitng minh nhu trong [6].

Luwgc dd trang thai va h¢ phwong trinh trang thai cin bing.
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Luoc d6 trang thai cia mo6 hinh Q-TS_NB duoc mé ta ¢ Hinh 3, bao gom 6 nhom chuyén
trang thai.

— I A—> —
L] LN ]
<*(Ni-k-Ti-1) (Ne-k-Th) e (NL-k-T+1)p— )N

(a) Nhém lwge do chuyén trang thdi iing voi phwong trinh (1)

%5 J—>
XX
N-TeA2)u (N-T2+3)u—

——————— N ToADpm — — — o — — — — — — — — -

D Ngudng thu hdi

<+—(Nr-T2)
(b) Nhém lwoc do chuyén trang thdi ing véi phwong trinh (2)

—
LN
<*(Nj-k-Th-1) (Nj-k-Th j (Nj~k-Th+2)p—

— Ngudng cip phat
Xy
E(Nj-Ti-1pe
(c) Nhdém lwoc d6 chuyén trang thdi itng v6i phwong trinh (3)
A—>
coe
(Nj1-To)p—

/ Ngudng thu hdi
———————————— WNi-P-pgy— — — — — — — — — — — — —

—4 A A A—
~NpHk-T D ) (NrH-To D (V-T2

(d) Nhdm liege d6 chuyén trang thii iimg véi phwong trinh (4)
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A A—>
(NF-Tr2)p (NFTor+3)p—
——————— (Nr Tty — — — Y— - ———-
—4 Ngudng cap phat

(N
(€) Nhom liege d6 chuyén trang thii iing véi phwong trinh (5)

— 5 A —
() i (i+1) (H2)p—

(f) Nhém lwoc do chuyén trang thdi ing véi phwong trinh (6)
Hinh 3. Lwgc d6 chuyén trang thai tng v6i mé hinh Q-TS_NB

Hé phuong trinh trang thai can bang ting véi cac nhém lroc d6 chuyén trang thai & Hinh
3 ¢6 thé duoc xay dung nhu sau:

PiLih = Ppi—1.h (N, —k =Ty <i < N;) (1)
131\1,4—Tz+1,}‘[/1 + (N - T+ 1)u] = pN]-—Tz+2,j(Nj —T,+2)u, (M<j<L) (2)
PNj-k-Ty [+ (N; =k —T)u] = PN—k-1y-1,j-14 + )

DN —k-1,-1,jA + pNj—k—T1+1,j(Nj —k-Ti+1)u M<j<L)
Pkt j[A + (N + ke = To)u] = pyjpir, j2 + @

+PN,+k—TZ+1,j(Nj +hk—T,+1)u+ pNj+k—T2+1,j+1(Nj +k—-T,+1)u, M<j<L)
?1’1\1,—T1—1,j[)l +(N =Ty —1)u] = Pn;-1,-2j4 (M < j <L) %)
pij(A+iw) = pi_gjA+ piprj i + Dy,

(i {(IVJ-—T2+1)U(N,-—k—T1)UMsj<L}> (6)

U(Nj+k=T,)U(N;—T, — 1)
Hé phuong trinh tlr (1) dén (6) 6 thé giai bang cach dat p’;; = p”—f thi khi nay p'y,, = 1
Np.L

va cac phuong trinh tir (1) dén (6) duoc viét lai nhu sau:

Pliin=p 1.4 (N, —k—Ty <i<N.) )

P’N,-—TZ+1,j[/1 + (N - T+ 1] = p,N,-—T2+2,j(Nj —T,+2)u, (M<j<L) (8)
P’N,-—k.—Tl,j[/1 + (N —k—T)u] = P'Nj-k-1,-1j-14 +

+P'N—k-1,-1,j4 + p’N]-—k—T1+1,j(Nj —k-Ti+1)u M<j<L) ®)

D'kt [A+ (Nj + ke = To)u] = 0’y jsiory j2 +

+p,NI‘+k—T2+1,j(1vj +hk-T,+1)u+ p,Ni+k—T2+1,j+1(Nj +hk—Ty+ 1)y, (M <j<L) (10)

P'N-1,-1, [+ (N; =Ty —1)u] = P'n-1,—2,4 (M <j <L) (11)

piiA+in)=pi_1;A+p ;3 + Dy, (12)
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us<if)

Khi nay hé phuong trinh (7)-(12) c6 thé giai bang cach hoi quy lui do da c6 mot gia tri

(ie{(Nj—T2+1)U(Nj—k—T1)U

U(N;+k—T,)U(N;—T, — 1)

p'n,. = 1 xac dinh [11]. Sau khi xac dinh duoc cac p'; j, dwa vao diéu kién chuan héa ¥; yespij =
1 chiing ta tinh duoc:

1

pN L =
LY YapesPij

Tt day ta dé dang suy ra cac gia tri xac sudt p; ; dwa vao cong thitc p; j = p'; oy, 1-

Céc thong s do do hiéu ning
M6 hinh phén tich 6 day duoc danh gia thong qua mét s6 thong s6 d do nhu sau [6]:

- SO block NSSI trung binh dang duwoc trién khai (bao gom sd block dang dwoc st dung

va sO block roi):

Va= z Jpij (13)

(LDES

- S8 block NSSI trung binh dang duoc st dung (bén):

b= Jelm a4

(L.J)ES
- S&block NSSI trung binh dang rdi:
Vig =Vq =V (15) |
- Hiéu sudt sit dung tai nguyén ctia hé thong (ti 1¢ gitra tai nguyén duoc st dung va tai
nguyén duoc cdp phat):
i
U= Z kP (16)
(i,)eEs

4  Phan tich két qua

Chung t6i danh gia hiéu ndng ctia m6 hinh theo cac thong s6 d6 do (13) — (16) ¢ trén khi
thay d6i cac gia tri nguwdng phan chia ti 16, cac gia tri thong s6 ctia m6 hinh nhw L, M, r, thong
lwong A/p.

C& dinh cac nguong T, = 1, T, = 11, thong luong A/p = 500, khi nay s6 khoi NSSI trung
binh va s6 khoi NSSI trung binh dang ban tang dan (Hinh 4. .a) va b)), trong d6 s khoi NSSI
trung binh dang ban bang khoang 99,5% trd 1én so véi L khi L tang tir 10 dén 60. Treong hop L
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khoang ttr 70 tro 1én thi khi d6 s6 luong NSSI trung binh va s6 luong NSSI trung binh dang ban
dao dong khoang 63 (Hinh 4. .a) va b)). S& khdi NSSI trung binh nhan rdi ttr 0.29x107 tang dén
0.31, trong khi d6 hiéu nang chi giam tir 0.998 xudng 0.988 (giam 0.95%) (Hinh 4. .c) va d)). DBiéu
nay phu hop véi ly thuyét do khi L tang thi hién nhién véi cung tdc dd dén A/p = 500, s6 luong

NSSI trung binh nhan ri sé tang lén.

70 70
60 60
50 50
40 40
Ny Ny
30 30
20 20
10 10
0 0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
L L
a) SO khoi NSSIs trung binh V,; vs L. b) S& khoi NSSIs dang ban trung binh Vj, vs L.
035 0,998
0,28 0,996
0,21 0,994
N S
0,14 0,992
0,07 0,99
0 0,988
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
L L
¢) S6 khoi NSSIs roi trung binh V;; vs L. d) Hiéu suat U vs L.

Hinh 4. Cackét qua khik = r =8, 1/u =500, T; = 1, T, = 11 khi thay déi L.

Véi L = 60 thi khi nay ching ta thdy rang khi thong luong A/p con chuwra dt 16n (4/p <
200) thi khi nay s6 khai NSSI trung binh, s& khdi NSSI trung binh nhan rdi va hiéu nang c6 thay
ddi dang ké (s6 khai NSSI trung binh, s khai NSSI trung binh nhan r6i chénh 1éch nhau 8.75 va
hiéu ndng chénh lIéch nhau 0.38) (Hinh 5.a), c) va d)), nhung véi 4/p = 200 thi khi nay cac thong
s0 d0 do hau nhu khong thay doi. D6i voi s6 lwgng NSSI trung binh dang ban thi khong thay déi
theo c4c gid tri M nhu trong Hinh 5.b). Diéu nay c6 thé 1a do hé thng dat san mot s6 s& khai NSSI
trung binh nhung khi nay do thong luwong A/p ltc dau dén con thap nén khi nay s6 khoi NSSI
trung binh nhan rbi sé tang cao do d&i véi truong hop s8 khdi M dit trude nhiéu. S6 khai NSSI

trung binh nhan rdi cang cao d6i véi M cang 16n khi thong lwong con thap 1a do khi nay hé théng
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chi phuc vu mot lwong yéu cau nhu nhau nén s6 khdi NSSI trung binh nhan rdi sé tang do s
kh&i NSSI dat trude du thira (Hinh 5.c)) va dan dén hiéu ning sé giam do tai nguyén rdi ting
nhiéu hon (Hinh 5.d)).

60 60
50 50
40 40
N S
30 30
20 20
10 10
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
AMu AMu
~+M=1 = M=4 — M=7 *M=10 “+M=1 *M=4 — M=7 *M=10
M=13-+ M=16+M=19-8-M=22 M=13-+ M=16-+-M=19-8-M=22
a) S6 khoi NSSIs trung binh V; vs M. b) S6 khoi NSSIs dang ban trung binh V}, vs M.
10 1 - - - - =
8 0,9
6 08
WX S
4 07
2 06
0 = = - 05
300 400 500 600 700 800 100 200 300 400 500 600 700 800
Mu Mu
~+M=1 *-M=4 — M=7 “M=10 “+M=1 *M=4 — M=7 *M=10
M=13-+ M=16+-M=19-%-M=22 M=13-+ M=16-+M=19-8-M=22
¢) S6 khdi NSSIs roi trung binh V;; vs M. d) Hiéu suat U vs M.

Hinh 5. Cackétquakhik =r=8,L =60, T; =1, T, = 11 theo M khi thay d6i thong luong A/p

Khi thay d6i cac ngudng T; va T,, ching ta nhan thdy rang T, = 7 va T, = 17 sé cho két qua
s0 khoi NSSI trung binh cao nhdt va véi Ty = 1 va T, = 11 s€ cho két qua thap nhat (Hinh 6.a)).
S6 khdi NSSI trung binh dang ban khi nay sé 6n dinh va hau nhu khong c6 sy thay déi d6i voi
cac truong hop (Hinh 6.b)). Mt khac, khi nay T; = 1 va T, = 11 cho két qua s khoi NSSI trung
binh nhan r6i thdp nhat véi 0.22 va dong thoi khi d6 hiéu nang cling dat cao nhat véi 0.99 (Hinh
6.c) va d)). Diéu nay dwoc giai thich la do khi nay ngudng cap phat N; — T; — 1 la16n nhat va thu
ho6i N; — T, + 1 cling 16n nhat dan dén s6 khoi NSSI trung binh nhan roi thap nhat va hiéu nang
la cao nhat.
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59,6
59,5 ././././/h/.
59,4
N SRl
59,3 S O
_ e
59,2 L
+
59,1
1 2 3 4 5 6 7
n

—+ Tp=11-0 -T;=12-% T,=13-¢T,=14
T,=15+ T,=16-%T,=17

a) S6 khoi NSSIs trung binh V; vs Ty va T,.

0,6

0,5 //
230,4 Semn Rt
T

L
03 .

-
0,2 *

1 2 3 4 5 6 7

I
—+ Ty=11-0 -T,=12-% T,=13-+T,=14
T,=15+ T,=16-=T,=17

c) S8 khdi NSSIs rdi trung binh Vi, vs Ty va T,.

58,95

x58,94

58,93

1 2 3 4 5 6 7
I
—+ Tp=11-0T,=12-% T,=13-+T,=14
T,=15+ T,=16%T,=17

b) S6 khoi NSSIs dang ban trung binh V,, vs Ty va

0,99
0,988
20,986
0,984

0,982

TZ-

T
~+.T,=11-8 -T,=12-% T,=13-<T,=14
T,=15+ T,=16-%T,=17

d) Hiéu suat Uvs T; va T,.

Hinh 6. Cackét qua véik =r =8, 1/p =500, M = 1, L = 60 khi thay d6i Ty va Ts.

V6iL = 60 va k = r = 8 va thay d6i thong lwong A/p tir 100 dén 700 thi ltc nay s6 luong

NSSI trung binh va s6 luong NSSI trung binh dang ban téng dan va tiém can 60 (Hinh 7). Khi nay

s6 lugng NSSI trung binh nhan rdi va hiéu ning ddi véi truong hop T; = 1 va T, = 11 ciing la

treong hop tot nhat theo ting gid tri thong lwong A/p do khi nay ngudng cdp phat va thu hoi la

16n nhét (t6t nhat) do khi nay ngudng cdp phat N; — T; — 1 lalén nhéat va thu hoi N; — T, + 1 cling

16n nhat dan dén s& khai NSSI trung binh nhan rdi thdp nhat va hiéu nang la cao nhat.
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60 —
5 L

40 /’

30 s

v,
\
\

20

10
100 200 300 400 500 600 700
A u
-¢Ty=1,T,=11-¢T,=2,T,=12-+ T,=3,T,=13
*Ty=4,T,=14-%T,=5T,=15

a) S6 khdi NSSIs trung binh V,; vs 1/u.

1

-T1=1,T,=11-¢T1=2,T,=12-4 T1=3,T,=13
+T,=4,T,=14-=T,=5T,=15

c) S8 khai NSSIs rdi trung binh Vi, vs 1/u.

Vs

60
50
40
30
20

10
100 200 300 400 500 600 700

Alu
- Ty=1,T,=11-+ T =2,T,=12-+T;=3,T,=13
+T1=4,T,=14-#T;=5T,=15

b) S6 khdi NSSIs dang ban trung binh V;, vs 1/u.

1

0,98
0,96
0,94
092 ¥/
0,9
100 200 300 400 500 600 700
A u

-T1=1,T,=11-¢T1=2,T,=12-4T,=3,T,=13
+T1=4,T,=14=T,;=5T,=15

d) Hiéu suat U vs A/pu.

Hinh 7. Cackétquakhik =r =8,L =60, M =1, T, = 11 theo thong luong A/u

Khi s6 lwgng NFI trong NSSI cudir thay d6i (1 <r <k),k=8vaT, =1, T, =2hodcT, =
3vaT, =12, T, = 14 hodc T, = 16, v6i cung T, thi khi nay T; nao nho hon sé cho s6 lugng NSSI

trung binh nhan rdi va hiéu ning t5t hon (Hinh 8) do khi nay ngudng cip phat N; — T, — 11a16n
nhét va thu hdi N; — T, + 1 cling 1én nhét dan dén s khdi NSSI trung binh nhan rdi thdp nhat va
hiéu nang 1a cao nhat. Dong thoi khi xét r thay d6i chiing ta cling nhan thay rang s& NSSI trung

binh nhan rdi sé ty 1& nghich va hiéu nang ty 1 thuan khi tang r tir 1 dén k. Diéu nay duoc giai

thich la do néu r < k thi khi nay hé thdng sé phai bat thém NSSI cudi néu mot vai yéu cau NFI

tang thém so véi truong hop r = k phai yéu cau tat ca NFI cudi dén thi méi bat lén.
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59,5 59 -
/
58,8 —
59,2 /!/
N x'58,6 /
58,9 -
58,4 //
58,6 58,2
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
r r
= Ty=1, Ty=12-T,=1, T,=14 = T,=1, T,=16 ~ Ty=1, T;=12% T,=1, T,=14 - T,=1, T,=16
-+ T,=2, T,=14-+T,=2, T,=16 *T,=3, T,=16 & T,=2, T,=14-+T,=2, T,=16 *T,=3, T,=16
a) S6 khoi NSSIs trung binh V,; vs 7. b) S6 khoi NSSIs dang ban trung binh V;, vs 7.
0,8 0,99
0,988
0,6
- 0,986
2 5
0,984
0.4
0,982
0,2 0,98
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
r r
~T,=1, T;=12 T,=1, T,=14 - T,=1, T,=16 = T,=1, T;=12T,=1, T,=14 - T,=1, T,=16
& T,=2, T,=14"+ T, =2, T,=16 *T,=3, T,=16 & T,=2, T,=14"+T,=2, T,=16 *T,=3, T,=16
c) S6 khdi NSSIs roi trung binh Vi, vs r. d) Hiéu suat Uvs r.

Hinh 8. Cackét quakhik =8, L = 60, M =1, 1/pu = 500 theo r

5 Kétluan

Trong bai bao nay, ching t6i m6 hinh héa van dé phan chia mang dua theo 3GPP R15 véi
viéc mo hinh héa bai toan phan chia ti 1é theo cac khoi NSSI (bao gom mot s8 cac phién ban chiic
nang mang) cho mang 16i 5G. M6 hinh dé xuét tich hop cac ngudng d€ diéu khién, ki€ém soat viéc
phan chia ti 1é cac khoi NSSI, cu thé voi thiét 1ép/tét cac khoi mot cach linh dong theo luu luong
dén, hd tro cap phat tai nguyén mot cach hiéu qua, chi phi hop 1y, bang viéc dua vao cac ngudng
thiét 1ap (T;) va tat (T,) khdi NSSI theo Thuat toan 1. Chung tdi da cung cdp mot giai phép hiéu
qua dé tinh toan cac xac sudt trang thai can bang va tlt d6 tinh toan cac thong s6 do hiéu sut ctia
mo hinh. Két qua s cho thdy m6 hinh phan chia ti 1€ dua trén ngudng cd thé tu dong diéu chinh
s0 luong khdi NSSI d€ dap ung voi su thay d6i caa tai luu luwong, tiét kiém muc tiéu thu tai
nguyén va duy tri mtc st dung cao tai nguyén dugc yéu cau. Mo hinh dé xudt ctia chung toi

trong bai bdo nay ciing xem xét, danh gia van dé dat trudc (thiét 1ap sén) mot gid tri M khoi NSSI

80



jos.hueuni.edu.vn Tap 133, S6 2A, 2024

nhat dinh d€ c6 thé ludn sdn sang phuc vu ngudi dung. Két qua cho thay, khi tai thap, viéc thiét
1ap M 16n sé dan dén hiéu suat st dung tai nguyén giam, nguoc lai khi tai cao, nho diéu khién va
kiém soat scaling mot cach hiéu qua, nén hiéu suat hé thong khong bi anh huong dang ké boi M.
Trong bai béo, gia dinh vé qua trinh dén Poisson la mot phuwong phéap pho bién dé€ lam cho mé
hinh hang doi c6 thé xir ly duwoc vé mat toan hoc. Trong twong lai, chiing toi sé xem xét viéc ap
dung cdc qua trinh ngau nhién khac ¢&€ moé hinh héa qua trinh dén non-Poisson, ciing nhw ap

dung cac giai phap dwa trén hoc tang cuong ([9-10]) vao mé hinh dé€ thu dwoc két qua t6i wu hon.
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