20254k s SLIstg| FAHISEEEsL B3|

O-RAN RIC 7xdA E&4 EYI &0
Arhed, wpA g, g

o] glod At 8t ul WAL 7] B8k}
{dayoung.choi, siyoun0116, hyunggon.park}@ewha.ac.kr

KPI Feature Analysis for Efficient Network Slice Classification in O-RAN RIC

Dayoung Choi, Siyoun Park, Hyunggon Park

Department of Electronic and Electrical Engineering, Ewha Womans University

o ok

JL o

[e)

e

H =20 4= Open Radio Access Network (O-RAN) 340 e] &4 YES A &efo]~ 7

3], Colosseum 719+ Key Performance

Indicator (KPI) "Hlo]E]¢] F+%& £t 45418 %3} generalized Dunn's IndexE &-83k0] KPI 7+ 443 S~ 7 Beas Ay og
2459t} dlolg] B4 Axl KPI dlo]EE 259 F2 EAo] EYA &ifo]x EF A5 AAs = tedh 122 7Y, 0|23l 3|44

nahl B 84 GlolE e Fepols Firol 45 Hel

gelskitt. 4 A3E aejste] HES A Sefol~ £77F £85= O-RANS RAN

Intelligent Controller 7-Z& AAgHIH, €849 /7] Gulo|Ee} QIEso] 2~ 3 wdtee JRFe] HAsE 53 74 RAN Al2=de 2

&S PPN 5 9ls Ao V|dEn.

Az
I Mg DU _cu Near-RT & e i
i =jje==m E2 =]
‘DI"}\\j Xél]é? Lﬂ—E—‘ﬂ EL(REIdIO ACCGSS Network, RAN)—‘C‘ 7]Z] %i]' }\}—g—Z]— I:/_]' Data transmission RIC XApp
h d . " 'y
2Huser equipments, UEs) 7He] 41 BA1S didsln] 7 Ha) Algx} gNo:deB overhead:  Real-time classification
B4, A EA, A2 EA TG ol ANAT wslehe B 87 . O vomea
& et ol oA A7) EAA A S FAs] A A ARy o e
s R N
AzkoE Wshe MEND JHE AAST ol W 40 EaHoR e Ric WNEE
2 Q & .
AoJal= Hlo|E] 7|uke] X538 oJAlAA o] D5A o]t} o3 ==pda=ll KPI data analytics

3}7] 918l AokEl Open Radio Access Network (O-RAN)- F3:3}¢ 7l
g QlEHo)| 25 B3, AT 2wl YANML) 7|5 A YES A

@0l T F e AT oPIEAE AlTFTHIL O-RANS 542 I ==

ol FFE RAN Ao] Tz ) ANMLE Adshks waAz A O-RANOIA 9] KPI Hlojg 35 % RIC 7%

(non-real-time, non-RT) RIC3# 41 7Hnear-real-time, near-RT) RIC2. 18 12 O-RAN oF]91d Wel A KPI dlole 43445 o] RICY

1 H o
T/E B A Alo] FEE AEetaL ik ol @ A TReM % gzow BAEE 3149 yehIth UEE eMBB (enhanced mobile
I

2] 71491 S5 8 gHlo)E F7]9] F&Ael whe} XA RAN Al broadband), URLLC (ultra-reliable and low-latency communications),

e

& sl A7 25t 53, lolele] ol WrhelA i 2o BREY  MTC (massive machine type communications) S+ 22 AJH] 2§30
855 ulgo] STk 739, RIC AAS] S54d3) a8o] Astel= #AZ Y we) 2gj9e B4A)7]0, o] EFTL TA(Radio Unit, RU)E A4

H
AT mepA], # Sk Al v BARE Zhs A9 1Mol AARE mu)nolDistributed Unit, DU)9}F %%-(Central Unit, CU)2 st}

RAN Alolold] Fea4 ik RUSIME B2 % MAC AZlA she o KPIE 7714

;

O-RANY 4] 7% & ah}el MEYZ £Eko] A (network slicing)&
gA Eets =4 Seho]aR RElsto], AR ThE AH|A 27 AR
Al FAZITL ofu), Z BT 555 SHLE Sefo| AR Bishe
2ho] 2 F-F(slice classification) ¥4 RIC W] A 2AIEH, v~
HOKSLA) e, A4 el Zubxdo] ArH2]. wier Bdll o] EV}
TEE RIC 3ol = E849 295 AsiAs, vlolee] Hwe wd
o] %38 53 (capacity)S 1elste] Al RES Aeleh= Ao] T3] ujE
of, vloJele] EAT F25 ol e A A7t dgEofof gt

oo

H
y<RT g o|t} non-RT RICA A& %717ke] KPI vlo|E & 7]uko =

4 T
fo MM M o o

% 249 KPL 54¢ 7 A% 5% 248 ale WE b, eR”

(i=12,,n) FEZ, & AHr S8 s §3 9Es

dio[e £47 Fehol2 577 855 583813, near-RT RICAIA = #
ke B57] B o] &a AAIKE 79t A Aol & g o)
DUIA RICO.E ®loJH g Alo] dlo[e] dF W=7} non-RT
RICoIA near-RT RICO.Z W¥ AJo] 2ell vjE Qu3|=r} wAysh},

mebdl, KPL 54 24 2918 710ho.2 8 KPS A e 4 qlok,

B oo A= O-RANY Key Performance Indicator (KPI) H|o]E]E tf
oz BAS Fgdit) Ao dH B mutual information)?} generalized
Dunn’s IndexZ ©]-§3] KPI dlo]E]9] 5% vh=Ad 7 3] 24 (sparsity) S

dlole] HEds Folal akelo] S4d

9 gJuols Y ALY 4 9k

7 do|H 2 Rdg sselory 1

Azson FHH0) YEYD Sefo|A BRIl FsES oot & Aol A= F 7H4 KPI HlolEiAle] COMMAGI4]2F ColO-RAN[S]&

0463



20254 st SLIst

0.00 0.00 0.01

COMMAG-MN@UOD 0.02 0.03 0.03 0.00 0.00 0.02 0.00 0.00 0.00 0.00 [LXES

0.00 0.08 0.05 0.02 0.01 0.04 0.02 0.02 0.00 0.02 0.01 QEFIAEY 0.00 0.00 0.02

k: £,
A

3

ples IS
dl_cqi-
ul mes-
ples
ul_buffer-
ul_rssi-
ul_sinr-
dl_pmi-

dl_buffer

o
i
[=]
al mcsE
°
&
)

tx_brate_downlink -

ul_n_samj
ul_turbo_iters-

dl_n_sam;
tx_pkts_downlink |
tx_errors_downlink -
rx_brate_uplink -
rx_pkts uplink-
rx_errors uplink- ¢
sum_granted_prbs -

sum_requested_prbs

7% 2. KPI 544 434 ue
nE @) Setolz HY
o] KPIR o] ofxitt.
B. 233RF 71N KPI §4 F2% £4]

HA)

& eMBB, URLLC, mMTCelH, & 2170 (n = 21)

AR ele 7 N 1] F548 Uehlle XA, T gER
b EfEaL Qe AR IS FASA glolth mWA, p(-,-) 7H T S 3
A% E A% G5 p()7F FH G5 A I o, oAl 54 k7
ol 9 yoll e AlFshs AR A2 o3 2

p(k;sy)
(ki) log( 1
Lnp BP I, ()p() )

1% 2% dlofeAle]l w2 KPI 54 A5 AlZslet 0= fiiie
KPIE= 2,71 0.08 o] stz wkgtth 53], F vlo|HAlo] A=
a, 771H KPI%Fe] 0.40 ©173 «] w2 ARTES
& 9tk F, KpPl Hoje
] 71dhs EE A5
E@d T’LZ}% F 35 glolle Sefol
w3k 7709 A BAL FE 818
H AR, Sl §F FRo] T2
O}T{} AE A4 }% ol A 1] ZE S . olE HES2Y
H g4 ey A% L?}(donwhnk heavy) AZo] KPI
Tk vy Aow 3§ H“ﬂ? b1 ?Xﬂﬂoi JINE G, ~E
29| eMBB, W A3} H2
9] URLLC % "‘Xﬂ 5G/6G &fo l A ]*4 %‘éﬂrE A gt
C. generalized Dunn’s Index 74t &d}o]lx £ & #4
ARG BAS B3 Eetel~ §Y 2
g4 KPUE AAZ #8 1F 2ees
generalized Dunn’s Index[7] €& o5

:_
H
lo
[

i)
1-r1
i

LO] A,

_ min; -, -, 8(C,.G,) )
max, - ,-,, A(G)
€2 9 019 o) A2 £ $LE A0 M 4ol
b, o] B85 49 0 B 5EE lvlath e Feol §
Q9] Aol (1) & 7 9] 41 M) 7be) mhlepicul 2 A2l
A(C)2 8 Ul AZ T4 2] He AgE ol &3 A=t
£ 1& 45 WedAeom AEd § 548 shy F7tebe 54 7

(3

o] 2 e YE Aoltk. COMMAGH ColO-RAN F Hlo]E|Al &
oM, n="7709 KPI%F ALEE wlo] eo] 1A 217) KPIE AH-8l&
wjrth SE il FAH e COMMAGIIAE ¢F 17.06%, ColO-
RANel| A= 53.39% 2 27t st 28y nol S7hgel uel,
reko] AL KPI7b 23EW T ert AAF fhashs AEgE Holth

COMMAGAIAE =2, ClO-RANIME =39 1 eo] HhHS
7150w, ol Eetols £ 7 AAE AAste Ol 2a% ARyt

o

Of T
AFEo) 98¢ oAnlR) %, s~ B2 9

]9~ 24=9] KPIo]

8| FAISEE a2 E|

generalized Dunn's Index ()
COMMAG ColO-RAN
n=21 0.0834 0.1906
Number of n="17 0.0977 0.2924
KPI features n=3 0.1474 0.4556
(n) n=2 0.1578 0.0831
n=1 0.0569 0.0780
X 1. KPI B4 715 (n) ¢l w2 generalized Dunn's Index %k(e)
KPL 3708 28402 4390400 H280, 27149 144 54&
938 EA Tk BLS ZUNA BEEE ok, AnHdow
generalized Dunn’s Index 4] Ay} HA] KPI dlo]e7F 194 £d

<]
Ss daw o guths S A5H R HojFr,

A=

B =EodAE O-RANIA HIES A &Sefo]~ B/E T8402 3
71 $18) KPI dlolele] 24 548 454233 generalized Dunn's
IndexE &8st &4tk e nas S Setol~ % 3F
Bt gl ARES AEHor uotdlal generalized Dunn's Indexs
3 ol ¥ 1 B s WU RN 4o Al KPI 54%
02%E B FEATE FHY ¢ A A olele A= )
ole A F4, dlolH HEF A7k, AY d AAR A4 &dd ¢
2lom O-RANS RIC 1zl &2 ola 2449 &efo]x B7 Al
28S Fdsh] 9g 71240 SAR 38§ 9le ASE Tl

ACKNOWLEDGMENT

o] =& 20219 % AR A HEAIN) ] Ao HuEalr 2
Bk o] A No. 2021-0-00739, A FHAL 7]9F 5G+ VIEY A g¢]
B 24 715 2 A 7)E e dard Ao AY(NoRS-2025-
16066913, No.RS-2025-25431268)2 who} Srafl ol -4l

ZaEd

[1] O-RAN Alliance, “Towards an Open and Smart RAN,” O-RAN Alliance,
White Paper, Oct. 2018.

[2] J. Groen, et al, “TRACTOR: Traffic Analysis and Classification Tool for
Open RAN, in ICC 204-IEEE International Conference on
Communications, 2024, pp. 4894 - 4899

[3] L. Bonati, et al, “Colosseum: Large Scale Wireless Experimentation
Through Hardware-in-the-Loop Network Emulation,” in 22/ [EEE
International  Symposium on  Dynamic  Spectrum  Access  Networks
(DvSPAN), 2021, pp. 105 -113.

[4] L. Bonati, et al,, “Intelligence and Learning in O-RAN for Data-driven
NextG Cellular Networks,” IEEE Communications Magazine, vol. 59, no.
10, pp. 21 - 27, October 2021.

[5] M Polese, et al, “ColO-RAN: Developing Machine Learning- Based
xApps for Open RAN Closed-Loop Control on Programm- able
Experimental Platforms,” /EEE Transactions on Mobile Computing, vol.
22, no. 10, pp. 5787 - 5300, 2023.

[6] Shannon, C. E., “A Mathematical Theory of Communication,” 7%e Bell
System Technical Journal, vol. 27, no. 3, pp. 379-423, 1948.

[7] J. Bezdek and N. Pal, “Cluster validation with generalized dunn’s indices,”
in 19% Second New Zealand International Tvwo-Stream Confrence on
Artificial Neural Networks and Expert Systems, 199, pp. 190 - 193.

0464



