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TOM TAT

Trong mang 16i 5G va tuong lai 1a 6G, chitc ndng mat phang nguoi dung UPF (User
Plane Function) chiu trach nhiém van chuyén dit liéu tir va dén cac thué bao trong
cac phién PDU (Protocol Data Unit). UPF thuong dwoc trién khai trong phan mém
va duoc dong goi vao mot may ao hodc vung chira (container) ma c6 thé duoc khoi
tao dudi dang tirng phién ban UPF véi yéu cau tai nguyén cu thé. D€ tiét kiém mic
tiéu thu tai nguyén can thiét, sd lwgng phién ban UPF duoc khéi tao phai phu thudc
vao s0 luong phién PDU ma khach hang yéu cau. Diéu nay duoc kiém soat boi thuat
toan phan chia ti 1¢ (thay d6i quy md). Bai bao trinh bay vé m6 hinh hda bai toan
phan chia tai nguyén trong mang 5G, stt dung m6 phong Pod UPF trong Kubernetes
tich hop Open5GS béng HPA (Horizontal Pod Autoscaler). Thong qua két qua mo

phong, vu diém cta mo6 hinh nay duoc phan tich va danh gia.

Tw khoa: UPF, Pod, HPA, Kubernetes (K8S), 5G.

1. MO PAU

Cac mang thé hé tht nam (5G) va cac mang thé hé sau 5G (Chéing han, thé hé th&
sau - 6G) sé cung cap dich vu cho khach hang trong cac nganh doc, nhu (truyén thong
trong giao thong, IoT, phau thuat tir xa, [1]-[8]. Viéc chuyén d6i cac thanh phan mang
va cac ham chitc ndng mang tir phan cting chuyén dung sang cac vung chita dya trén
phan mém da bt dau duoc trién khai [8]. TS chitc 3GPP (Third Generation Partnership
Project) da dwa ra khung 16i 5G véi nhiéu thanh phan chitc nang mang dua trén kién
tric hudng dich vu SBA (Service Based Architecture). Cac kién tric 5G nay duoc trién
khai trén phan mém va duoc thyc thi bén trong may ao (Virtual Machine) hodc vung
chtra (container) trong mdi truong dam may [9]. Trong tuong lai, mang 6G c6 thé duy
tri cdc chitc ndng mat phang nguoi ding ctia 16i 5G [8]. Diéu dang nhan manh la cac
may 4o va vung chtta leeu trit cac chitc nang mang (dwoc goi la phién ban) dwoc thuc thi


mailto:dtchuong@hueuni.edu.vn
mailto:hoangconghoang511@gmail.com

M0 hinh héa phin chia ty 1¢ Pod UPF trong mang 16i 5G diea trén HPA Kubernetes

trong cac khung diéu phdi ddm may quan ly va chi dinh tai nguyén dam may cho cac
phién ban (instances).

Trong mat phang diéu khién, cc phién ban chitc ndng mang phai dwgc sap xép
(khoi chay va két thac) d€ dap ung véi su bién dong cua nhu cau luu lwgng tir khach
hang. Vi du: khach hang bat dau yéu cau phién PDU trudc khi truyén di lidu; luu lwong
truy cap ctia cac yéu cau nhu vay c6 thé phu thudc vao cac khoang thoi gian trong ngay.
Trong thoi gian luu luong truy cap cao nhat, nhiéu phién ban sé duoc khoi chay va sw
dung nhiéu hon so véi thoi gian thong thuong. Nghia 1a, cac nha khai thac (operator)
can ap dung cac thuat toan thich hop dé kiém soat viéc st dung tai nguyén cua céc chitc

nang mang.

Kubernetes 1a mot nén tang nguén mo dé€ diéu phoi cac container, né dung dé
quan ly cac tng dung dugc déng gdi dwa vao cac ha tang ddm may. Mot Pod la don vi
tinh todn nho nhét cé thé trién khai cho mot ting dung nao dé va né cling cé thé chira
nhiéu container. Cac may (bao gom may vat ly va mdy ao) trén dam may cé thé dwoc
xem nhu la mét nut véi cac ngudn tai nguyén nao dé (CPU, bo nhd, 6 dia,...). B diéu
khién Kubernetes sé cau hinh cac Pod vdi yéu cau cho truede vé cac nut va sé chay céc
container trong cac Pod nay.

Trong mang 5G, cac phan ti 16i cua mang duoc déng goi thanh cac container
duoc to chite trong modi Pod. Tai nguyén ctia mdi Pod sé duoc quan ly béi Kubernetes.
D¢ thiét 1ap UPF, mot lya chon tw nhién la sép x€p cac UPF dén cac Pod, & d6 mdi Pod
sé chay mot container riéng ré (Hinh 1).
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Hinh 1. M6 hinh bai toan 5G trong Kubernetes [15].

Trong 5G, UPF la chitc ndng mit phang nguoi dung, duoc sit dung dé truyeén dir
liéu. Cu thé, UPF chju trach nhiém duy tri bang dinh tuyén va thiét lap cac giao thirc
GTP (General packet radio service Tunneling Protocol) d€ chuyén tiép cac goi tin. Trudc
khi truyén, UPF giai ma tiéu dé cta géi va tim kiém cac quy tac dinh tuyén (routing
rules) trong tap dit liéu ctia nd. Theo 3GPP-R15, chitc ndng quan ly phién SMF (Session
Management Function) cé thé kiém soat/diéu khién nhiéu UPF. Tuy nhién, d6i vdi cac
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nha khai thac, lam thé nao d€ thiét 1ap mot s6 lwong 16n UPF véi chi phi thap nhat dong
thoi dap tng yéu cau cua nguoi dung ludén la mot thach thice [1].

Mang 5G sé ¢6 thé phuc vu nhiéu dich vu véi da dang yéu cau khac nhau. Do
do, cac phién PDU c6 thé c¢d nhiéu yéu cau khac nhau. D€ hoat dong dwoc, cac diéu phoi
mang c6 thé ap dung mot cach ti€p can nao do (tht cong) dé gidi han sd loai phién PDU.
D4i v6i mdi loai phién PDU, mot loai UPF sé duoc tao ra dé xac dinh yéu cau vé tai
nguyén hé thong nhu bo nhg, CPU, ...

Bai bao nay xem xét viéc ap dung chitc nang HPA (Horizontal Pod Autoscaling)
trong Kubernetes nham danh gid bai todn quan ly tai nguyén theo huéng phan chia ti 1¢
tw dong (autoscaling) d6i véi cac phién ban UPF trong 16i 5G. Gia thiét rang cac phién
ban UPF duoc kiém soat boi cac ving chira trong Kubernetes.

Cac dong gop cua bai bao gom:
- Mo hinh héa mang 16i 5G bang Open5GS tich hop Kubernetes, trong d6 cac thanh
phan ctia Open5GS dugc déng géi bang thanh cac Pod d& quan ly.

- Xay duyng bai toan phéan chia ti 1é (mé réng quy md) ddi véi cac phién ban Pod
UPF trong Kubernetes véi giai thuat HPA.

Cac phan con lai cta bai bao duoc bd cuc nhu sau: Phan II khao sat cac tai liéu
lién quan vé phan chia ti 1é tw dong (autoscaling) trong dam may d€ quan ly tai nguyén
trong 16i 5G. Phan III sé€ mo ta bai toan phéan chia ti 1& (mo rdng quy mo) d6i vdi cac
phién ban UPF trong Kubernetes. Phan IV trinh bay két qua phan tich dya trén mo hinh
dé xuéat. Cubi cung la phan két luan va hudéng phat trién, duoc trinh bay chi tiét trong
phan V.

2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Da c6 mot vai cong trinh nghién ctru vé hiéu nang ctia Kubernetes. Nhém tac gia
Nguyen va cong sit [7] da so sanh cac giai phap do do (metrics-server solution) va néu
bat anh huong cta cac tham sd cau hinh khéc nhau trong ca hai chi s6 tai nguyén. Mot
s0 cong trinh da dc biét tap trung nghién cttu vé mang 16i 5G. Jard va cdng su [8] da
thao luan vé sy phat trién va do hoa ctia cac dich vu mang. Ho da xem xét tinh kha dung,
kich thudc va hoat dong ctia mdy cht ting dung vién thong TAP (Telecommunication
Application Server). Tang va cong su [9] da dé xuat mot phuong phap du bao luu luwgng
truy cap dua trén hoi quy tuyén tinh (linear regression-based traffic forecasting method)
cho cac chirc ndng mang ao VNF (Virtual Network Function). Ho cling thiét ké cac thuat
toan dé trién khai cac chudi chitc nang dich vu cta VNF theo lvu luong dy doan
(predicted traffic). Alawe va cong su [10] v6i cong cu OpenAirInterface da st dung cac
ky thuat hoc sau dé€ dy doan luu lwgng mang 5G va phéan chia ti 1¢ (md rong quy mo)
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cac phién ban chitc nang quan ly truy cap AMF (Access and Mobility Management
Function).

Subramanya va cong sy [11] da st dung mang Perceptron da 16p (multilayer
perceptrons) d€ du doan s6 lwong UPF can thiét trong hé thong. Kumar va cong sw [12]
da dua ra mot phuong phép dé€ ting quy mo va nhan rdng (scaling up and scaling out)
cac phién ban UPF va trién khai mang 16i 5G trén dam may AWS. Rotter va Do [4] da
trinh bay mo hinh phan tich hang doi d€ phan chia ti 1é ctia cac phién ban 5G UPF dua
trén cac thuat toan ngudng. M6 hinh hang doi ctia ho cung cap danh gia nhanh vé cac
thuat toan chia ty 1¢ dwa trén hai ngudng.

Ttr viéc xem xét cac tai liéu lién quan, c6 thé nhan thay rang cac thuat toan phan
chia ty 1é duoc bao cao trong hau hét cac cong trinh cho dén nay lién quan dén cac van
dé nhu kiém soat s6 lwong VM, VNF, phién ban container bang cach st dung mot s§
ngudng nhung chua dé cap dén viéc quan ly cap phat UPF la mét chirc néng quan trong
trong mang 5G d€ truyén két ndi dit liéu gitta nguoi dung v6i mang di liéu DN (Data
Network). Do d6, muc tiéu chinh trong bai bao nay dé cdp dén mo hinh hoa bai toan
phan chia ty 1€ UPF Pod véi kién triic mo6 phong theo mang 16i 5G ctia Open5GS (chua
duoc thye hién md phong 6 cac cong trinh néu trén) dua trén nén tang ma nguén mo
Kubernetes va thuat toan HPA dé€ thuc hién phan chia ty 1€ sé duwoc gidi thiéu cu thé &
cac phan sau.

3. MO HINH HOA BAI TOAN PHAN CHIA TI LE CAC PHIEN BAN UPF 5G DUA
TREN HPA TRONG KHUNG K8S

3.1. Cac phién ban 5G UPF

Két n6i gitra thiét bi nguoi dung UE (User Equipment) va mang dit liéu DN trong
5G yéu cau thiét lap phién PDU. Trong két noi nay, trude tién, UE két ndi truc tiép voi
tram co s& gNB (gNodeB) trong mang truy cap vo tuyén RAN (Radio Access Network)
va thong qua mang truyén tai dén mang 16i 5G, cung cap diém cudi cho mang d@ liéu
bén ngoai (Hinh 2).
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Hinh 2. Kién trac mang 5G theo 3GPP [13].

Mang truyeén tai c6 thé 1a két ndi khong day, c6 day hodc mang truyén dan quang
va 16i 5G bao gom mot tap hop cac ham chitc nang mang khac nhau trién khai kién trtic
dwa trén dich vu SBA (Service-Based Architecture) [1]. Cac ham chitc ndng mang bao
gom chirc nang quan ly truy cap va di ddng AMF, thuc hién xac thye cac UE va kiém
soat quyeén truy cap cua UE vao co so ha tang; chirc ndng quan ly phién SMF, gitp thiét
lap/déng cac phién PDU va theo doi trang thai ctia phién PDU; va chitc ndng mit phang
nguodi dung UPF [1]-[3]. Trong khi AMF va SMF la mot phan ctia mat phang diéu khién,
thi UPF chiu trach nhiém vé chiic ndng ctia mat phang nguoi dting. UPF phuc vu nhu 1a
mot diém neo (anchor) phién PDU va cung cap diém két ndi cho mang truy cap t6i 16i
5G. Ngoai ra, UPF cling xtt ly viéc ki€ém tra, dinh tuyén va chuyén ti€p cac goi vand ciing
co thé xir ly QoS, 4p dung cac quy tic luu lugng cu thé, ... Viéc phan tach mat phéng
diéu khién va nguoi dung CUPS (Control and User Plane Separation) dam bao rang cac
thanh phan riéng 1é c6 thé mo rong quy moé mot cach ddc lap va ciing cho phép xt ly div
liéu duoc dat gan bién mang hon.

Mb hinh héa kién triic mang 16i 5G c6 thé dugc md hinh bang bo md phong
Open5GS, nhu duogc trinh bay trong Hinh 3, trong dé né dwgc chia thanh 4 khoi riéng
biét vdi cac chirc ndng khac nhau:

e Khoi mit phing diéu khién (Open5GS 4G/5G Control Plane Server) chita cac
thanh phan lién quan dén gdi tin cia mang 4G/5G, dong thoi cling chtra cac chic
nang mang d€ trién khai 16i 5G.

e Kh&i mit phang nguoi diing (Open5GS 4G/5G User Plane Server) dam nhan vai
trd quan ly luu lwong dit lidu truyén tai gitta mat phang diéu khién véi cac tram
co s0 4G/5G, day cling la vung trién khai cac phién UPF.

e (C4c tram co so eNB trong mang 4G (BBU/vBBU) va tram co s& gNB trong mang
5G (BBU/vBBU/DU+CU) c6 chirc néang két n6i mang véi cac chiic nang va dich
vu di dong.
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Hinh 3. Kién tric mo6 phong Open5GS [14].

3.2. HPA trong K8S

HPA la thuat toan phan chia ti 1& ty dong ctia Kubernetes. N6 stt dung mttc hiéu
suat CPU trung binh, dugc ky hiéu la p, nhu moét su quan séat (observation) d€ tinh toan
s0 luong cac Pod can thiét, dwoc ky hiéu la dgegireq(t) tai thoi diém t. Cé hai tham sd ¢
thé dinh cdu hinh: hiéu suat sit dung CPU pyarger Va dung sai (tolerance) v. Phuiong trinh
dwoc st dung boi HPA 1a [6]:

ddesired(t) = [don ®) & (1)

target

Trong d6 [x] 1a ky hiéu ham phan nguyén 16n hon hay bang x va do,(t) 1a s8
lwgng cac Pod tai thoi diém t. HPA sé kiém tra dgegireq (t)/don(t) € [1 —v,1 4+ v]. Néu
khong, HPA sé dwa ra hanh dong chia ti 1é d€ dwa s6 luong ban sao dén géan gia tri mong
mudn hon. Quy trinh duwgc mo ta ¢ trén duoc thuc hién dinh ky véi khoang thoi gian
AT. Khoang thoi gian nay c6 thé duoc dét thong qua cau hinh Kubernetes [8-9].

Ung dung ctia HPA tich hop trong Kubernetes can cac gid tri thich hop ctia Prarget
va v. Nguoi diéu hanh hé thdng c6 thé trai qua mot qua trinh tht nghiém kho khan va
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sai s6t &€ tim ra cau hinh c6 thé tdi thiéu s6 lwong Pod trong khi van duy tri mttc QoS.
Trong Kubernetes, HPA déng vai tro tu dong cap nhat tai nguyén khai luong cong viéc
(workload resource) (chang han nhu Deployment), véi muc dich tu dong phan chia ti 1é
(thay d6i quy mo) khoi lwong cdng viéc d€ phu hgp véi nhu cau (Hinh 4).

A Pod UPF Pod UPF
Metrics Server
HPA Phién PDU Phién PDU
Pod UPF Pod UPF

¢ &

Kubernetes

Tai nguyén phan cliing
Hinh 4. Cach thitc hoat dong ctia HPA trong Kubernetes [6].

Chia ty 1¢ theo chiéu ngang (Horizontal scaling) c6 nghia la phan ting d6i véi
truong hop khi tai téng 1én 1a trién khai nhiéu Pod hon. Diéu nay khac véi chia ty 1€ theo
chiéu doc, d6i v6i Kubernetes ¢ nghia la chi dinh nhiéu tai nguyén hon (vi du: bd nhé
hodc CPU) cho cac Pod dang chay cho khoi luong cong viéc. Néu tai giam va s6 luong
Pod cao hon mitc t6i thiéu da dinh ciu hinh, thi HorizontalPod Autoscaler sé thu nho
quy mo lai bang cach giam tai nguyén khdi luong cong viéc (Deployment, StatefulSet
hoac tai nguyeén teong tu khac).

HPA duoc trién khai dudi dang tai nguyén API Kubernetes va bo diéu khién. Tai
nguyén xac dinh hanh vi ctia b diéu khién. B diéu khién ty dong thay d6i quy md
nhém theo chiéu ngang, chay trong mat phang diéu khién Kubernetes, diéu chinh dinh
ky quy m6 mong mudn ctia muc tiéu (vi du: trién khai) d€ khép véi cac so liéu duoc
quan sat nhu muc st dung CPU trung binh, muic st dung bd nhé trung binh hodc bat
ky s0 liéu tuy chinh nao khac ma nguoi dung chi dinh.

Hinh 5 thé hién m6i quan hé gitta chitc nang ty diéu chinh ty 1€ véi cac thanh
phan khac. Mot Metric Server sé giam sat viéc st dung tai nguyén ctia cac Pod va cung
cap chtrc nang ty diéu chinh ty 1€ va thong ké cac so liéu thong qua cac API Metric. Chiic
nang tw diéu chinh ty 1€ s€ tinh toan s luong can thiét s6 lwgng ban sao ctia Pod va ¢
thé quyét dinh xem c6 thye hién diéu chinh hay khong. Viéc diéu chinh nay c6 thé thuc
hién thong qua giao dién diéu khién.
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Hinh 5. M6 hinh mé ta chitc nang tu diéu chinh phan chia ty 1é Pod trong Kubernetes.
3.3. M6 phong va phan tich két qua

Open5GS ¢ day dugc tich hgp vao Kubernetes véi cac Pod chinh la cac thanh
phén cht yéu trong kién tric mang 5G ctia 3GPP. O day chiing t6i chi thuc hién phan
chia ty 16 HPA d6i v6i Pod UPF véi chiic nang HPA duoc thuc hién trong mat phang
diéu khién.

Kubernetes Cluster

Master @ [ Oopel‘\SGS

i
HPA @ ‘A.\[F }——{ SMF }——‘ UPF ‘

2 X
UE

eNB

Hinh 6. M6 hinh bai toan 5G trong Kubernetes véi Kubernetes [15].
Chung t6i md phong véi cac tham s6 nhw sau:

Bang 1. Bang cac gid tri tham s6 md phong,.

Tham s6 Gia tri
SO luong nut master 1
S6 lwgng nut worker 1
SO luong Pod t6i thi€u (Dimin) 1
SO luong Pod t6i da c6 thé (Dumax) 10

Khoang thoi gian gitta hai yéu cau dén (khoang 0.01
thoi gian gitra hai phién PDU dén) lién tiép ’
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Vi két qua mo phong thuee t€ theo nhitng tham s6 mo6 phdng nhuw trén, binh quan
mbi Pod UPF sé xtr Iy dwoc 1000 yéu cau trong 1 phut, sau d6 hé théng ting 1én 2 Pod
UPF thanh 3 Pod UPF do khi nay yéu cau dén nhiéu dan dén hiéu suat st dung CPU
tang cao (117% va cao hon mirc mong mudn la 50%) (Hinh 7, Hinh 8), tiép theo d6 hé
théng cap phat thém 2 Pod UPF (do khi nay hiéu suat st dung CPU tuy giam nhung van
gan gap doi). Thoi gian sau d6 do khi nay hiéu suét st dung CPU da 6n dinh va khi ting
1én 92% (diém cyc dai tinh ti khi phut thit 6 tro di) hé thong chi bd sung thém 1 CPU.
Khi nay hiéu suat st dung CPU da 6n dinh nén khong thuc hién cap phat thém Pod
UPF. Chting ta c6 thé thdy rang ltc dau HPA sé bd sung mdi lan thém 2 Pod UPF nhu
khi hé thong da gan dat duogc trang thai 6n dinh hé thong sé chi bo sung 1 Pod UPF dé
dam béo rang s6 lwong Pod UPF khong vuot qud s luong Pod UPF t8i da ¢ day la 10.

5 /
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Hinh 7. S6 luong Pod UPF khi thuc hién HPA.
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Hinh 8. Hiéu suét st dung CPU khi thuc hién HPA.

Trong khi d6 hiéu suat st dung CPU c6 sy bién thién 1én xudng. Hiéu sudt st
dung CPU cao nhat la 117% thi hé thong s€ thyc hién HPA dé€ dap tng yéu cau cta hé
thdng (Hinh 8). Chti y rang ¢ Hinh 8 khi hiéu sudt CPU gitt nguyén ttic 1a khi d6 hé
thong sé thuc hién HPA dé tang Pod UPF. Diéu nay duoc giai thich 1a do khi hiéu suat
CPU dat qua hiéu suat CPU mong muon, hé thong sé tu ddong bd sung thém Pod UPF
d¢é thuee hién HPA can bang tai hiéu suat trong hé thong khi s8 luong yéu cau dén ngay
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cang tang. Dya vao cong thitc (1), ching t6i da tinh dwgc s6 lwong Pod UPF mong mudn
(daesired) theo 1y thuyét & Bang 2. Trong d6, ¢ phut thit 3 s€ cd sw cach biét 16n ti 1y thuyét
(ddesired = 7) S0 vOi thuc t& (don = 3) (duesirealdon =2,3) va & phurt thix 28 vSi desired = 2 0 vOi thuee
t€ don = 6 (ddesirea/don = 0,3). Diéu nay co thé giai thich do ltc dau hé théng chwa cdp phat
Pod UPF nhiéu va khi hé théng da dan 6n dinh thi sé giai phong nhitng Pod UPF, tuy
nhién ¢ gan cudi khi nay s6 lwong HPA theo yéu cau da giam nhung hé thdng chua giam
do d6 day 1a van dé can t6i wu trong twong lai.

Bé_ng 2. Bémg cac glé trl daesived Va desived/ don.

Phut o112 |34 |5|6 |7 |8|9|10|11|12|13]| 14

aesired o216 |7 |5 |87 |7 |5|4]9]8]9]|8]9

daesirealdon | 0,0 12,0120(23(17|16|14]14(10(08|18|16(18|16|18

Phut 15116 |17 |18 |19 | 20 | 21 | 22 | 23 | 24 | 25| 26 | 27 | 28 | 29

aesired 11}(10(10|11 {1010 9 |11 |11 |11 |9 | 6 | 3 | 2 | 3

daesirealdon | 1,8 11,7 11,7118 (1,7 |1,7|15|18|18|18|15|10(05|03|05

4. KET LUAN

Trong bai bao nay chung toi da gidi thiéu mo hinh va mé phong 5G trong
Kubernetes két hop voi HPA dé thyc hién phan chia tu dong Pod UPF theo thuc t€, voi
Pod UPF la cau néi quan trong dé€ dam bao két ndi gitta cac tram co so gNB véi mang
dit liéu DN. K&t qua mo phong da chi ra rdng hé thdng chiing t6i xay dung la ding va
phu hop véi thuc té€. Tuy nhién van dé t6i wu hiéu suat st dung CPU chua dugc ching
toi tinh t6i ma sé nghién cttu trong thoi gian téi. Trong hudng ti€p theo ching toi cling
s& xem xét mé rong mo hinh nay bing cach dua vao cac ngudng cip phét va thu hoi UPF
(theo luu lugng UE dén), dong thoi sé 4p dung hoc ting cuwong nham cai tién HPA tu
dong phan chia ty 1é Pod UPF.
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The UPF (User Plane Function) is responsible for transporting data to subscribers in
PDU (Protocol Data Unit) sessions in the 5G and future 6G networks. UPF is

typically implemented in software and packaged into a virtual machine or container

that can be instantiated as individual UPF instances with specific resource

requirements. The number of created UPF instances should be determined by the

number of PDU sessions requested by the client to save the required resource

consumption. This is controlled by a scaling algorithm. The article presents a model

of resource division problem in 5G networks, using the simulation of Pod UPF in
Kubernetes integrated with Open5GS via Horizontal Pod Autoscaler (HPA).

Through simulation results, the advantages of this model are analyzed and

evaluated.

Keywords:. UPF, Pod, HPA, Kubernetes (K8S), 5G.
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