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UDN is expected to be a type of network capable of satisfying the requirements
various 5G services, such as the peak data rate, connection density, and area traffic
capacity. Technical challenges for 5G UDN, such as interference management,
resource management, mobility management, load balancing, and energy efficiency
are discussed. In addition, candidate technologies for solving these challenges, and

their related standardization trends, are summarized in this article,

# DOI: 10, 22648/ETRI, 2018.J.330505

#o] =Fe 2018 AR e REAIN) Yo HREAT|EHTAIE] AU @
oF +=3H ¢17¢[No,2018-0-01410, FUF] YEHZ(UDN) ggollA 1-8a, #u]& 24
S QI3 AL 7)1 A,

S AR | = *ESe 23kl M4sE
Lm;.J"PEN (&) FARAA O §FANAFA 270) whek ol 4 Y&tk

4 ©2018 FRHRIEAIATY



https://ettrends.etri.re.kr
https://doi.org/10.22648/ETRI.2018.J.330505
http://www.kogl.or.kr/info/licenseType4.do

. M2

ohFet AuIAS defske SGOEAI
2 ofZE]A o] B 4GUAI o554l tiH]
O S S, ol A Al S £, 2 7171 A2
F, A A SollA oF 108 o] s = 71
S, 53] Ad| 7171 92 ] $7k= ARk 53¢
ol W2 who] RE A& AuHjAsh] flsiA=

=2 Holg A8l a7dH. ¥ AFES H9H

O]EEA]) b

57} L I7hkRs) 52 B3 AuEY 594 3}

H AlE 7Fssteh 4G°1W% E4 A|2ollA] glo]
Ei $E0| ¥/ 875= A5 71EY WAz VA=
Al Q ol 2k ﬂﬂiﬂﬂ% e 2 TS ES

th A8k ©lF UEQIA(HetNet: Heterogeneous
Network)S FAJ5H0] 0|2 Al2st 4= Qg AFA
71259 - Aol 27] 9 A Fofl whet w34
(Picocell), BEA(Femtocell), Z717](Relay), 7]1A]=+
A A& A4 A2 (RRH: Remote Radio Head) S22
S 4 o ARAF T AR AR S S
© A A AARES ol A vIEYA &
Fe S77IL 73S 59 S e=E Tl 71
ot A HAIAA B FAY e SR v ASE
o] 7F&oHes Sh= Aolth2),

SGoflAl= oot Al 2719 Al H YEYA e
Al 7F B4 (Active) ARl ©EES R H He
20U Y EYA(UDN: Ultra—Dense Network)7} Oﬂ
(L 1) #=x, [3]. 5G UDN9| 7$-ofl=
Tafp AHdS ARESHE Al 7H9] A7t Aol T
71Z2Rch wke Mo A QXM o] Azkst Al 7¢
74 (Lnter cell interference)©] BHAYSH 4= ¢l om, A9
DHEE F7THIAR o= gHA| o] AlAdl s &
& 0134-%7*]% wAIRC] Sheol A QUTH4l. 4G
A= HetNet ol W8%= Al 7F 1Ml si2sh]
3l ICIC(Inter—Cell Interference Coordination), ABS—

—Y‘«—Ll

. °l

0‘1

rlo ru

o Gser / A
- 4nternet h ) broadband .0
picocell ) connection *, Pcoce\l

9

‘ N
0- 'A- Maprocelk N . A

¢ ‘ Relay
., K

Femtocell
ﬂPlcof:eII

(23 1) UDN L= o

[ZA] 27 9, “aFA Aol 71E5d”
H318 A5%, 2016, 10, pp 51-58,

HARE A EGFEA

(Almost Blank Subframe) 52| A 7+ ZHdAlo], CoMP—
(Coordmated Multi—Point Trans—mission) 52| €2 &
A, Sk 71es 283 Z2ReE 7]8E RANC-
RAN: Cloud—Radio Access Network)e] AJA|= ATt
5G UDNOJA= HetNeto| Al i} g AgAlo] 13
H = olFA HE=E A, Y Al 71s9
gt 29F 802 aEARl Alo] B AA AL
358 SH7E o] FolA]7] ofFTH3], E3E CoMP &F
C-RAN9| 79oll= AR Bilkl= YEYA o]
A FEE 7IREo R SR oA e AAo] o]Fo]
#of it} wzbA 5G UDNe| 113 Alof= &7t Al
7] ES SIS & ko] ol Zagh Al
gy ong|Eel HA HRE wkely| 95t Wi 7]
(Backhaul link) %] H|8-9] Z7} Fo] = o] Af
22 YEYA +2 9 TH 7|&Eol ozt 7 24
A,
2aoA= T7ollA 5G UDNQ| 7Ha B AAJ= L
e HIEYA 250 el A EaL 5G UDN ©f
Al s AE|ojof k= i} o] 5 9I3t $H Va5 A
T U8l ohal Attt 3t MgelA= 5G PPP,
ITU-R, 3GPP 5 #3353} v4159] 5G UDN o 213

H4H 2 /5G UDN 7l& S8 43



i

ol dish Argetct, Aol A

AE

flo
HE
rlr
O

rr

Il.5G UDN 7|& &

1.UDN 712 & %X

TER U 10 ce]ls/kmz) FAE
UDN- hot—spot A9 5 FHHo|A AFAES U
A= 454 %lé](Honzontal densification) -3}

A o] tho] Fofl 2SS U AR B
3D—MIMO(Multiple Input Multiple Output)& %83}
= 733 Eﬂ(\/ertlcal densﬁlcatlon) —TLHO] 7Fsst
t}, E3h UDNZ

ZoF Wz ‘(Centrahzed densﬂlcatlon)ﬂ- Ak Wi
(Distributed densification) 22 8= 4= 9t} = o
T &8 (Massive MIMO) A28 9l B} ot
U A|AENDAS: Distributed Antenna System)©] A2
= 7|25, C-RAN®] FA|o1d2](CU: Central Uni
o] 9Jgt = AA]E(DU: Distributed Unit) 7+
= B UES
HIESA 43} D2D(Device—to—Device) F-4
AbE] ABAHIS 0] B So o]t BAF W] y
do] 7ssteH4l.

W= A7 S| ol|A o] FofR|= 59
Ao} HHAo] 2= 2 BRwel AldE eHs=

< x

=
o

l_.

me el
&2 O

Y
oA RS a3

ra
JLE ot
M
0 fr oo a®

G-controller

(a3 2) 25 HZ #=2| UDN o

44 HMXSAMSSEM X333 M55 20184 10

2.UDN 2& 7|&E

7129] HetNet ¥} UDN= & Al 2}o] &2 UDN
o 0] AglAo] HiR|E| 11 o] & 9] ¢H Auto|
d ZdEfolal tiFEe] vz (Inactlv ) R = 52
ojl- HH =g ulxl-{z 75_50\_ H]_jq. 1:H.Q_El:

- m&g rlo

(m
i)
12
tlo
N
i
r
B
for
H

B9 4 9 olol et
(Air—interface capacity)©ll Xﬂ?f}O]
oop ohek 7ko) A g ZRAAZ(LoS: Line of
Slght) Aol 7hsaiAlE FHolth4], ol2fgt UDNY

goll thet aref7k 74 e, Ak e, ol e,

_t} | ), olux] &eA T 1] So] 714 At
I Q3lal o]2 13t tleksk 31 7|sSo] Aok
st

7}, 7143 18 AF8FS(Technical Challenges)

UDNof|A] 1= e W 0] AE2 Q8] o]

Sh= Al 7hof| AlZet Al 7F 7hdo] S| &AL o=

A ’“goﬂ 03?% F& w|AA Hok, weba 7H] e
]



FEREE,

Spatial domain

1 I P Y I O o P T s 7 |
P~ 7~ 7~ 7~
P~ P~ P~ P~
eNB 1 eNB 2 eNB 1 eNB 2

. ey =
UE 1 Time domain UE 2

(323 3) 2+ #a| 7182 HEE

Ir
1;
>.
20
:L
=
j&
—1r1
o
~ %
¢
oN
o
fijo
bl
st
4
32,

=)

A 89 A0 et 2} s

theoR A2E Acew PO ds) YEY
Hale] Edo] HAE]R] oI E UDNo| 2k o]%A]
W st pelrh Base UDNelH: AbgAe 2
917J0] th-0] A =S| EAT 5 Glo] AT A
% o) Alele] m 7h] B40) sk AR e A
o2 2] s e, Wl e s e

A A7|2 Q& olg/dol 23k et e @ w7} WAy
4= Qlot, E=3E, 5GOA AEAl sl defn|E )
(mmWave) thedof| A 2] HFeFA EA1(Directional Trans—

mission)2] 7ol WellEB 1ockage) 5ol ¢Jgt 7Hd
29l d=omr} 712 BHAYSH 4= 9t ofuf, Weu]
BT} AMSShE g E0] 9ol Ak ARgAE

SRk BAIO] AIAE 5 gle B ofo] et 2712

ol 7t A= H AA Ao dasi, HBW A7
E]]O]H _]__9_ O]E_/l—] XHH §]-7—‘] H
o7 uHste] H&3 HE wEE ﬁ‘é‘i’é}é AHE% s
Qo] P asjt,

opRjako 2 UDNefA= U=A Ax=o] 471 Z7t
H AE =R QLo AA| ovR] Anrt 34 S7KeE
&= Qlc}, weba], UDNS Hdsk= Al diseto] vjgAy
Inactive) FEE F2FE = Qs BAJ& eisto] oy
A BEE Slal AAIZE dlolE =8 24 W ARG} 0]
£ 4ok 7] 9Igh{lexible and agile) A &2
ujoto] 1 @3}

ol Bw 71%S

=
SRR

)

P

Al

o

[e3

=
ol

1 2)(Cell sleeping management)
?1“\1 A 7ed IHAREE

LI

¢

pss
rir
o
N
=)
rlo
jg
r>~l
op
B
1o
g
lo
EN
ox
ofr
iNoa
%

o

T
iy
12
|o

LZ o i 3o
j O_>|:
fr

r
®

Network—based
Interference management

Cooperation
Interference
Management at UE

4) HEXT 9 ErRt0lAQl 2y H2|

H4H 2 /5G UDN 7l& S8 45



o, deju g F4l

SGOlAE AR 7hs R W oY B R A A
= 5ot =& Hlolg A =
7P e n|euke] AR HESHAL QI o] w7
£9] uto| A2 (Microwave) thS thil deju]ela} of
ol UDNS Ztet Welalelst 7]ute] UDNo] cieh
A7} Al 1) Zolth, ol Welolels) djete 3
L3l= UDNLS 7|2 o]%-% Al A|A=|A Weju]glat

& B4 HEY

/\EE o I%%‘L

Al

= A Ul 3T 1o Oi

3 WIS B9l S5 4 Jon FAo HEy
(Beamforming) 7]&2 o83l X3t YEY T A
O 7Hd A 2 &2 AveA] FAE SE5S ¢ S

A0 7|Hi=7] miEZelH5].

o] Yo E 2A HoFY o A

2}, Software—Defined Network

YEYT AZESHSDN: Software—Defined Net—
work)= WEYIS Hast QAR o] uhy LAISH 4
20 HEYA Ao} 7]5(Control function)S H|o]&]
o} 7]%5(Packet forwarding function)¥} £-2]8F 4= Qlt},

5G UDNejlAf= g, 7H] 371 ool ot Al
2499 eHs=e] 371 59 wAlES Sk et
©2 SDNo| argjeth, o= SDN| %% vlofe ¥
(Data plane)& |1 HH(Control plane) o 25 -E] £e]
ato] BXe YEYA 129 F-Ag Aloj7t 7hssE
=, o5 UDN|| =9Jst Ej ool whet -4 Ak
g oE AAS FAsHl AlS 7Rss] el

UDNef|A] EL-TLE]L B4 (Scalability), EH214(Re
silience), oH7] 5841 52 913 29 (Routing), ]

=0 o =
=X (Mobility) ¥ ABEZ AR (Spectrum usage) =

46 H™XSASSEM HM33H M55 20184 10

9] 71%50] SDN AJo&2]|(SDN controller)ol] 2Jsf] A~
EfJol= Al 4= AdrHA4l.

53] SDN= G| utE AR-5k= UDNo| tfsf| i
25hH, UDNO| UEYA Alo} 7159 S3=E £0)7|
o5t N&2-& A=2 FEx(Hierarchical architecture)=
A8 4= Utk o= AAAQ] Fot 3 B ovA &
&35 sl HA EHA 42 4714 (Long—
term) A3LE @Yshs Y SDN AloPgA](Cen—
tralized superior SDN controller)?} E5%=9} )9S
Z0]7] fl8fl 7 A5 ke Thelo] whE A7go] ast
A AAERS "ok A9 SDN Ao 44
(Localized subordinate SDN controller) 2 A &= +
A EZ(Two—tier SDN architecture)”} UDNS- ¢
A=A (L 2) 7=

u}, Cell-free Massive MIMO

Cell—free Massive MIMO[8]= £AF t59]&2(Dis—
tributed MIMO) A|28)7} thiii thE9l&E (Massive
MIMO) Al2EIS] 7S At B4Rt thsdE
2 (Distributed massive MIMO) AlAElC g2 7E A4
=E7FEARE bl ST (LE 5) R

Network MIMO ¥ DAS 7Jg& est WAoo g
AP AR A kB2 NS PAE Bl 5713
& Ao FE2H AMAREA FYeE AR/t
P S8l AHIAE ARt oo weh Al Ee=
A7} 9o ‘Cell—free Massive MIMO'2 E2]w A}

4
Ng&r

12
o,

AP
(access point)

User
7~
= -
cPU B 3
(central processing unit)

(22! 5) Cell~free Massive MIMO AJAE




LA AE wio] 2 YAE e Eg
(Coverage probability)& Al&-g 4= Qlt}, E3H HE
& BT ARSAOIA et Al Abel A E (perfect
CSI)E 7H481= Network MIMO 2 DASS} &) ujj$-
W 0| QHEEUE Tefslo] 7t A4 wEofA] dagt
]/\]—/;QE]E_ B} Ao saleit) 2 Zopeat
274 QAL ZF A o FokA Rk 7o) AW
-2 A 453 dlojeje} A As] Mslol= e Ao
AAEO R AE e A TR
A 931 AR A (Uplink) w3l A58 %—3 7 A
oA ZpRp gt WAy wiA e AFAE 7] g
o] = A9} vjwsPH Cell—free massive MIMOZ}
AFos o w2 Mg 2Hs A= AT A3

i?
i

2

v} User—Centric C-RAN

9] RRHE H3 A#Jste] C-RAN |2 UDN
5 T 4 ok C-RANE th= 26 =50 A1
SrokEE ofof wE HA| BlE A4, ofyA] 4
& & AA| 359 7hAdo] 7hssteH4l.
5G01]A1 12 %91 NFVe} SDNS C-RANo] 243t
B85, HEHAS B4, EE=2A], A5, 2 T UE
= RS 7Hke R 229] 53 55 AAsfof gith
%, HE I At ZOWMXJXM] 3= T A
59 C-RANT} = T A2|7h A le=oflA] 2|94
o7 R 719 vff"‘* RAN Afo]&] HeJollA]
gt Fodo] WAT 4= Sl o|E AT 4~ QT ®
7L 7]9ke] SAA tdt oS5 E8E 4 A= wizls)
%l CPRI(€CPRI), RANOJ|A| 9] Aj 28 7]-5-6-2]7} 285
A ZEEZ @E QlE#olA FEIHIEEE Next
Generation Fronthaul Interface %), 52| “01 7Fsgt
o8- WE o] A-H4lEAL Qi E 6) &
E2l, 5GolAl= HIEHAS] FYAIEA ol —4°H s

(o]

___ ideal backhaul
. Non—ideal backhaul

DOV T

i A \\ N\ z _ _ Relay backhaul
".? '\ Z _ Wireless backhaul
A ',E _ Wired fronthaul

(2! 7) User—centric clusters 42| C-RAN

HEA @A i S AH (Cluster) & T438H= HIE

3 4] B4 (Network—centric design) Al AREA}
of 93 AR FAlog ZFEAE(User—centric
cluster) & 8= AMAF F4 WA (User—centric
design)[5]0] AA=AL glom o] e thEfEHE
(Multi—connectivity transmission)©] 753 4= ict
(23 7) 2z, AR} 2A] HRAlO| = B4 ARgALo]

A A3 A 2SS FAHOR ek 1o u2

H+d 2| /5G UDN 71& S8 47



48 HASMS

T8 AgY ICT A+ A¥e "dddk= 5G
PPP(5G Infrastructure Public Private Part—
nership)= 20154 ¢&23H METIS Z2AES
£3) 5G olEEAIS] Bk A¥A 9 4T A
& Aol A AL AN B, 5

Al2dlo] AFd 8 7|5o] UDNg E3shl
olZ A ¥sl| flaf BRZt 7|& ol E VA E
drateint 20174 69 YESE METIS I =&
AEo|A= METIS I ZREAEO 12 7|HLO
2 5G wAEEe A48T oAl 2 H &
H 7152 =S50kl

ITU-R

A A7 A ATITU-R: International Tele—
communication Union—Radio communication
Sector)& 5G o|5-EAl A FZIMT-2020)&
QU7 913t S5 WP 5D A =385}kl g
om, 5G o 5§41 HHY atARRle A4St
I FE 7)E 7431* et 4 ‘—ﬁP‘i‘i [
olo] wiet, 20194 TH7HA 5G FH 7|& Ak
A Aes 8 FoH, As Jﬂ7}# 3
IMT-2020 ¥ . 53],
I[TU-RE IMT A|2E9] 20154 ©]=-9] uj
714S gt Aol UDN A¢e 8 &3
= Atk
3GPP
3GPP(3rd Generation Partnership Project) 5G
F323}F 2Y9L A3ste] NR 19H4|(Phase 1) 2
A4S 2018 A=sF9 o, eMBB(enhanced
Mobile BroadBand) AH|AE NRQ $8 thxh
or Fz2 4 7leS M) el 5G
UDN®| 7|9k 7]&= ARgo] golsitt, 4
& SHolA

E<ay
o

o

==

HAL £018 Ao

R

%l
]

d
dejuEuh @M W,

Z_
|

X333 AM5= 20184 10

I==H1=PS
=13
OTE

MIMO 7]&2 A¥atd, 49 AF SHolA
C-RAN 125 A/ OFEE 7A=Y 75
(Function split) 7 A&ttt

NR 20H7|(Phase 1) A& 20199 ¢=2d 4
glojd, tjiAQl UDN ¥4 #53; e
MIMO, Cross Link Interference(CLI)/Remote
Interference Management(RIM)o|t},

MIMO ¥£38H= MU-MIMOMulti—User MIMO),
multi-TRP(Tx/Rx Point)/panel, 123l mul—

ti-beam A4 A5 IS EXE EFIF A
3y oot CLI®F RIME 1Ml &°17] ¢

¥&35} Bofg CLI= UE-UE, TRP—TRP
H3, RIME A 7IA=9] Ala7t 234
O] Aof ke Fro] WSk Al I IS
Z0]7] 9J3t 3} DEolH10].
IAB(Integrated Access and Backhaul) ¥%3}
(11 9% oA F948 =24 152
ol FA wiZ/dgo] A Aol Hipo|r},
olZ fJal L2/L3 Hello] 4-x E HE—oNA 7
A5 AAlstaL, A= e, A B, =2 A 7
&8 skl QITH(TLE 8) 7=,

™ rsL'

UDNY| £2%0l A9 913 DG C-RAN
=0 7 23 ol AEgglon, 2

X
=

) ~ B
O \

\“2?{}) d“@\'}\’ A _.W"r%s v/ UE

\ o, 2SS L
o~ e D001 P

s Relay Sy

A AN A Wired backhaul
Relay = =/, gNB(/eNB)

UE UE

(T2 8) 3GPP 1AB HR%



L2 ol ASS FYAEA|et AR =
Halsls= CU-DU £e] =97 aE9l,
A9 Alo] HHI} AMEAL HHS &
St= CP-UP E3& l%é‘}i% 74 2o
A==t By AS 232 CU-DU 2e&
g Zxsh 20 AAsAL NR 19|
(Phase 1) Zrollx= #ho] A9 oo
oFste] A3 2Hle WA ¢ =05 F

=33l 121,

ofN

—

iu)

V.22

gete = a2 ¢l 5G UDN2 E} T FEe] AE =
(== 1—17\]“}“ EXQAF A 7F 7HA e 9 22

7|zo] 8T, Eo, SAE TRt
upaje] ASo] EAfat uf g 11
Halo] HF oz LA YL AREE 4= Qe
= EgE T4 A9 Bl 71EE a7, P
E F91gk Alots $1gk SDN 7id ] =<l
Qi) E3F olsAl W Halay], AREARY] A7E
Z(QoE: Quality of Experience)2 1123t uj el A=
o] 7|20 A F49] HEA 7uke] FRUTRE AL
AT ASA o] digt are B B 71e] )
o] ol ATt

eCPRI 5% 2|00 7|s(Digital Unit—Radio Unit) £2| QIE{m|0|
A2 7|& RANHIES(Ericsson, Huawei, Nokia, NEC 5)0| 5G
o] =i 222 X|¥s17| sl 7IE CPRC| Y20|E WA
o2 20174 8¢ vi.0 MAH/LHE.

ofof Hz|

3GPP 3rd Generation Partnership Project

5G PPP  5G Infrastructure Public Private Partnership
ABS Almost Blank Subframe

C-RAN Cloud-RAN

CLI Cross Link Interference

CoMP Coordinated Multi—Point Transmission

CPRI Common Public Radio Interface

CSI Channel State Information

CU Central Unit

DAS Distributed Antenna System

DU Distributed Unit

D2D Device-to—-Device

eMBB enhanced Mobile BroadBand

HetNet Heterogeneous Network

IAB Integrated Access and Backhaul

ICIC Inter—Cell Interference Coordination

IMT International Mobile Telecommunication

ITU-R International Telecommunication Union-
Radio communication Sector

LoS Line of Sight

L2/L3 Layer2/Layer3

MIMO Multiple Input Multiple Output

mmWave millimeter Wave

MU-MIMO Multi-User MIMO

NGFI Next Generation Fronthaul Interface

NR New Radio

RAN Radio Access Network

RIM Remote Interference Management

TRP Tx/Rx Point

WP 5D Working Party 5D

QoE Quality of Experience

Hnes

[1] Recommendation ITU-R M.2083-0, “IMT Vision—

Framework and Overall Objectives of the Future Devel-
opment of IMT for 2020 and Beyond,” Sept. 2015.

[2] 3GPP, http://www.3gpp.org/

[3] 2l ). “AFA Aol 7keEd HAASATESRA, Al
3138 AB3, 2016. 10, pp. 51-58.

[4] M. Kamel et al,, “Ultra-Dens Networks: A Survey,” /EEE

Commumn. Surveys Tutorials, vol. 18, no. 4, 2016. pp.
2522-2545.

[5] G. Yu et al, “A Hierarchical SDN Architecture for Ultra—
Dense Millimeter-Wave Cellular Networks,” ZZEE Com—
mun. Mag:, vol. 56, no. 6, June 2018, pp. 79-85.

M4 2 /5GUDN 7|8 58 49



[6] B. Soret et al, “Interference Coordination for Dense
Wireless Networks,” /EEE Comnun. Mag, vol. 53, no. 1,
Jan. 2015, pp. 102-109.

[7] H. Q Ngo et al,, “Cell-Free Massive MIMO Versus Small
Cells, " IEEE Trans. Wireless Conumun.,, vol. 16, no. 3, Mar.
2017, pp. 1834-1850.

[8] C. Pan et al, “User-Centric C-RAN Architecture for
Ultra—Dense 5G Networks: Challenges and Methodolo—
gies,” IEEE Commun. Mag., vol. 56, no. 6, June 2018, pp.

50 FXSLSEEM M33H X5E 2018 10€

14-20.
[9] 5GPPP, “View on 5G Architecture (Version 2.0),” 2017.

[10] 3GPP, “WI Proposal on NR MIMO Enhancements,” RP-
181453, 2018.

[11] 3GPP, “Study on Integrated Access and Backhaul for NR,”
RP-181349, 2018.

[12] 3GPP, “Study on CU-DU Lower Layer Split for NR,”
TR38.816, 2018.



