259
UNIST

FEF
UNIST

o| 4 &
UNIST

YA
Fishn

314 The Magazine of the IEIE

gt

SGUENA & F

2 ITU-RE 5G olsFACR H& d#d IMT-20202] AfH|2
HAS AASATY, 5G ol s BAIA AL A7 B b} &
2 Ad BES a0k A, 22 A UEE Q9= A,
A2 9 AR AE el AR|AR EFEAL QM olgl S
JHEo 2 3GPP Service and System Aspects (SA)o| A<= 5Gof| A o
FEl= Aul A AU .9 @ ARRS BHibs) A Folgl B3] A
AA Aujzaot IAE FAE AATE 54 E 1 el B
4 A ARA b 9 250] A Alof, wE 2 H[AH| Q] AA|
Ao], U2 S Alo] Fo] AA2Q] ARGl = A E| 1 e,

FHE SAHCE AAI A2 A Y EY Ao gt -7} ZeY=]ar 9)
ot 53] 2014 W3kl IMT-20200014+= 5G 54l HIESA9] 7]
2 BHE o) ol Algkskar Qieh?,

*« 1~10Gbps Bt A& &=

« Ims F5F 7F A AA7E

+ 10~1008} g2 7] A<

[e)

* 90% Eol= YEYA ouA] nLef

\IHF

o

oo

EN

il

rr rlo
0

ox

o,

o] BrHsahu, Az
& ool 24 A% =N B

%439

i =9 9] TU Dresden t&}of Al

= =7F oYl (Tactile Internet)

60



b b =N AL

A Y

&:
an ~
m-:: W / .—" :'::::: {{.
O "o
l Access M

Delay Delay ; Delay ]

ﬁ ,,ui

Delay Delay

(a3 1) 5G UEYT XA

S WgE 5GNOW (5th Generation Non—Orthogonal

Waveforms for Asynchronous Signaling Project)

2HES sl A} A% W Fuke AEAS T
YfskE Bt ik, ol Sla) u$714) R4 44 7l
2 5G0] WS B B2 95t ¢t 2

& Folt .
E3F Ericsson B F89] SAES 4R METIS

(Mobile and wireless communications Enablers for

5 MH|AE Qe 5G UHIERIA 71

%@@@0\

I.5GYEHI XALL

5G o]FAl VIEEH= ARSAP7E 23] thtdo] st
= 54 & (access) T}, TR0 AMEARES BFH O

2 Qgsb] SIak 4l Tol o Tk ARgA}
AP B FEzte] A st 1y DHsh ¢
JERLCERES. ERER)

A B4 MRl Ala] e

(access) Ao

 SlLfe] A AQE S Fell P A5S A¥el] 9

St Duplexing A1

AAFTEAL o]y 9 o ZTzos
2 SIEEEN

o] A4S FHFToEN WA=
(multiplexing) ¥ % (queueing) A
«golgHE 34 A o A7 gt AE

(transmission) A&

Twenty—Twenty (2020) information Society) Z& AT E B or ddetr] 9 Ag
AE7} wFEglom 670 A4 FAo] sl =3t (propagation) A1
S I3t A¥ s Hdsioltt. olE Al SollAl
“Ultra Reliable Communication” UERT AdA84hs oA A
wofoll A A ALkl el Al=]Ad AlR| ARRKIONI| XX Alzis A3t duplexing A, =2
(Rehablhty) e ARE Y 5t MHIAE B TSR HFs517| TIoHM'.: Al AleFo g gl o] ol Y
T thoFst MR ER w oyigze)  7|X[Z2 EHZEe| H|o|E] TS X|H 2~ o7 ok} Adeleke B
L Jjanoms EH
w¢%40ﬂmq¢1og:.5§gﬁgégﬁﬁ;mﬁﬁ157 7 Sl < siek. oo 2 7]
RHEEL 5GNOW2 U METIS o uat jojMe] KK MaS 5 oME F 2458 Ao, »
I¥ z2AE2 45| 429 HIOIELS Mull& ALgxi7ixlol Heiet AT A, e 2 7Y
7} o] o 2| AL Q) U= ST UEYHT AxJt EsICE, Ao, g Ab oo thsto]
Tefuf AA| AREAA] A4 A A 7R ARt gro 2 o) Bhd v
ol Ay MuIAE FEIOR AFe7]| flelAs 714l S A 5G AR A YEY ] ANkl 2
=3} chzko] glojE] A A9 Fol vjEvogE & 3] 919 8AES Jo g AuR A St
SolA] okt 7| A=t fAEe] QlEwo] A~ TE]ar
FAY ol A 2] A2 A5 Bl glojelE Aua A 1, M XA
SAPHA| 9 A 4= Q= B9 Y EY A L3271 Rs) 4 YE A9 gojge] HEe DWDM (Dense

o}, wEbA5GNOWSE METIS SollA FEdk= 5G o)%
Al 7163 9, RS BAlO] ek A

YIES)T 7]40] Aute] L ashet,

61

Wavelength Division Multiplexing)& AFESH 34 H|E
AL Ff| olFolXit}, uhebA DWDMe] HEA A0
o} HA 24 Fart otk FUES A= 2 E

+ Transponder, Dispersion

MASEEIR 2016.4 - 315



compensation modeul (DCM), A& Z2E7] (amplifier)
SO A=)

DWDMoA HEA S 7HA 0= 8as & 7H 58
ok QA= FAlol =9 Aol7t ek, dRbA o r FA ol
|4 e B ol A HeE A A, A o5
Joll ket 254 th gk 7HIH Single
mode fiberoA] ARF O 2 1kmo| A2|E AEsH7] 9
3 Wo] Hgt]= &l= 4 usolH, o]} oF 31% wh
2 &g Aol 753 Hollow Core Fiber (HCF):=
Ao, 4l% A4 (attenuation) S/d0] A B0l &
4] e},

BAClEWlA 429 Tl wetA 4z Ag
&7} th2n, o]& ¢Is}o] Chromatic Dispersion
(CD)7} ¥rA¥sitt. CDE HAFSH7] €18l Dispersion
Compensation Module (DCM)2 AF&3ITE DCM W
L. 37 Dispersion Compensating Fiber (DCF) DCM.,
Non—Zero Dispersion Shifted Fibers (NZ—DSFs)
DCM, Fiber Bragg Grating
(FBG) DCMe]| ¢)ow DCF DCM
& A Z AL 7R 15~25%2]
A QIAITbo] F7kR A Q W, NZ—

2

refraction &

L2l fafo] AE—5ARH 72| ©F 325 km
OilA =717+ 500~1000 byte°|
UEIO| P TH3l0| Y TS

0]
1ok

o ehyahint
WESNZ Aol 2ol Zols Asp] e
A Aelazio] atEch 2714150t AEe] gk

zy|Qlo] mi ol Aete Sof At E}EW :
Ao 27]ef A&l oA, 7|/ A5
B2 AsAm, A2 27]9) Ze|drs Eﬂ% e
AT 7HRIT

kel F=7FA Q1 A Ao R A A7 A B -
A% (OEO) Agho] oF 100us®] A|e1A|7to] & sk,
FECE ¢34 15~150us, 1 22} DSP (Digital Signal
Processing; e.g., QPSK X Eofo]A)o] oF 1use] 7}
A AATEo] @tETE, whebA AR A e leiAl=
HIESI=L HellAl OEO Agh, FEC, DSPE| #Hg-5 AAA|
o= 7o) Egol =t

o[ E 71918l 160 km Ao]®] 10 Gbps & MER
HIEQIFo)A 64 byted] Ze|dlS Hlj= 455 1188
Ap AL Al A 242 Transponders 7|3t
HIERA el F+ e JO*Z‘%
719} gk o] DCM= AXIekal 3l
< uf, DCF DCMI’} EDFAS A&
P75, & 1lms J%=2] A AARE

m
lo
Lot

—r—‘

31

S T3S

ot

i, oHZde| Z|cH [S X|HS| st

DSF DCM-2 oF 5%2] 2| 91A|7to]
F7hEct FBG DCMS /\} 3 7
o= (Aols Aelo] Aaglol)
5~50 ns®] A A7) F7tE Q-

Optical A% Z2%7|%= Erbium doped fiber amplifier
(EDFA)7} de] ARg-En | U2 o= oF 30me] Erbium
doped fiberE FolA A& FZA7ItE 30me F
7F dol& ¢lsto] of 147ns®| A|AAto] F7Eet, 2
Lofl+= Stimulated Raman Scattering 7]H< 283t
Raman amplifier”} 7J5H=¢1 .0, Raman amplifier&
AR A, 27V AN glo] AEE SET 4
AUtk

Transponder+ 7|41} FAl 5 o] HeS Hitst
o, AR O R 5~10us®] A AAIZFe] QtEL 2t
o= FEC (Forward Error Correction) |t} in—band

management channel 7]%59°] §1&= light—weight 27|

316 _The Magazine of the IEIE

A 1ZXlow bound)2 2k 5~7.5ms0|
0|2 ZiSZ of| AEICE

o

] éﬂfﬁ FBG DCM¥} Raman
amplifiers ARESH 749 oF 0,784
ms®| A AA|7ko] Al
ko) Mg AR A A 2= oF 325 kmolH, 3
Az o) g 1ef3ls wf 1000km®] A2)7h 2o AE
Aejd Zo® ot T3k AREAR] IP 3j7lo] X
bt 7bRshE, =#910] 7] oF 500~1000 byte®
S7kstol MESQIA Slg#H|o] 2~ o) HFATto] 10~20¢H)
/IRt oles ARl uf, AREAF TR A AAIZE
ZF(low bound)& °F 5~7. 5mso]

SEE HEL A A
29l olEyle Ald s}

A
7] 918 Eolokat chopet 45l Holle, g &



> > > =N

L=
=

(22 2) QIELl A

]

SIRISO0| IRl Eiaet 7 A

_1

M 1) DPI (Deep Packet Inspection), NAT (Network
Address Translation), ¥+, W3 SO 71402
sl a7 AAR A AAIRE, 2) AH] B EERe] 2634
A7} QA 7]+= NIC (Network Interface Card) I} )
E$J7) o&Z |70 7+9] Context switching H ##]
A|AAZE, 3) FA1E Fd YEAE Adshz AlolES)
ofof| A ¥H¥sk= AH n| A& s Ask] 913k Y A
AL, 4) EYIS] HEES Hol&e7] flall, 2
QAo A 7]EA o2 WA= a7 HEEE A S
ok 74 A AAIRE ol gt Ao F sttt

9]

SDN 7|9k 3509 9 & AIA| 412 slals ol oA
S 4 Qe e TldiE= 1), 2)
oF & 3), 4) = UESA HoF Mz MHAS
o] o= dejuel szl Fof oJgk  Best Effort A{H|AZ
8 F —Erxw o

Xx|gs 23

2 Zlodﬁi | Hlsl L4l Azkst
o}, A2 At A A&7HA] 9] i A AATR A O]
£ = Ao AT HupalZRel 208t km/sE
2ek uf 5ms W elofof sk, AAR USE= A AA]
2 15~30ms =, =4 X[AA7Le] g=ulol A )| 4=
Hljof] Dol A|AATto] FFJell olsf WSk, o=
EJYl Aol 4] 54 VIESIAE BhEatar = 9)

—ﬁrﬁmbriﬂ

o
)
o
[
L
off
:cé

‘__X4o]— geﬂ Ql
E Z‘l ]7]]_ ﬁ_:fl—‘—
AEES SHetsh7] fls)
7} 00] ) s ¢
HsfloF shch. w3t ¢y

= itk 7 227} o
A 3l ol HFe T 4

e sjzle] ok AHs| &

63

A28 MHIAS 935G MEYT 7|2

Flet MX|H E2fmiat

518 EfTSol st MT5| thSsts
M2 YES TES HustozM,
51BN 2 HaES
SIS LIEYS

o= OAKEICY

A o
2 NgstE 4+ U

%@@@0\

Ell lﬂ‘* Alot= QlEvle) W ]TOW‘IL NUM
(Network Utility Maximization) ©|2} 2]+ 2435}
2412 o copsbl AElo] o], ExkAloleRe 7

92 Bl AgAlSollA TCP (Transmission Control
Protocol) 24| L&l k]o] gt}

FRT RS ol ol 0] 4% 07} EA
Al Ltoll A Alofah Zlo] 414 dth= Aol 7]
chrol Edizl Alo7E

U e e 1

Xﬁﬂ /\]7}013}5 H]—EHH Sl
Soll QlojA] A AATES HASH= Aol 7o 9

]‘?_h:}.

“Lefuf mfzle] A= QIEY 78‘
& Aol EAjels s A90AE
o) 275 dAk olskE Alglt
L5 Aold 4= i, o] JEE
sta3lo] #|0IA| 7S HASE 7
o] 7l Zow o, A
O] A= T 7l e A AAIRE A
W7} ehgrol A A9)2]of] % )
7 mefstr] flal AR o Stk AR o] HlolE|AlE
YE]TA JFE L ok, A dloleAlE vl=
2132 sxlsto] olg|dlo] 851 Yafa]= T o E
AFehar g @ avEo] argfE|ojoR aF Ao w of T,

290219 4 AHEe I Fast AL o T
o] Aloj& whHolA 43y sfioF df= 7} otk ofof tf
o e yalelx] ok uk ECN (Explicit Congestion
Notification)d} 7o) YEHAo|A E-&L H= 7]Ho|
F|F T4 b Qo EONS o4t Afshs 4+ 9j7lo
gt AQAREE ] ufe- et bit marking 71H S
= QI eto] EAfsk= thdo] QIEYl UjHol =25}
© 290 "igket ¢ s sRE Alewith 2
A A0 7IHE2 #7lEol #AE ECN bit &2 Rt

Ao ofsfal AuelES EYFORM WO

L

CHHE[= XA

—o=2

= T M2

ﬁ
1ok
o
)
N
=
)
_J>
w
-
N



3E)9] Alo] ffo] 7] Robal 4 9t
oIy
olefat g e Fal Qe Eakshs wuse] A9

Azbo) all% 715 steehe, A A1l Qe e Al
o ALBEIY] SlaAle, obA Qe b B BA
YESIA0] ERAE, 2T AL 2H] 4

of dhat vhgol Fasltt =,
of T} A|QAIZES: BABHE At FAl], A7l

rr
.
o
H
©
=

TEA| = EfEle e EM ASES SHiekE
ST 4 Sl kel aqtEh ARE Au|AE It
A9 Ed T 7} Best Effort AJH|AE s 24 3
& Edjg S0l sl 2438 th-g5h= M= HIEHA
25 NIRReRH, AR S BAsHHA =2 HAEES
DSk HIERAE 8ot o= S ZloR o4k
o= ffall A Eefj=] o] AYs| 8= Alofstr] fiet w
/A A =, 2 290

of 2] a7l ¢} -0l 2lefA &

Sglojop AXES0]o] AMA 7t  GFDM 52

Qi) gt oz olgd Y E

EMTE XHAIZLE TH=E51| 5
| {22 Waveform 7|&,
MBE= MA7|=

02t
Tok

1 RACH scheduling period : ~dms.

2 RACH Preamble : ~im$ ——————
3 Processing delay (eNB) dms

4 Ta Grant:
~dms
& Processing delay (UE) : ~4ms.

t———— B RRC Connection Request: ~lms ———*
7. Processing delay (eNB) -4ms

[ B8 Conneztion Requestto MME): ~T8ms —*
@ Processing delay (MME) ~15ms
[#——— 10 Connection Request (1o sNB): ~75ms ——

11 Processing delay (eNB): ~dms.
— 14 RRC Connection Complets to —

4 12 RRC Connection Setup [To UE): —_
Total delay : ~60ms
#NB) ~ims

13 w:‘:{u!l:'ﬁ!l
(28l 3) [die—to—Connect Tt X[ A7 2000

Mo Mol Pt or ZAEE AAARS Kol
Idle—to—Connect g0l A= Tdo] Idle AefolA 7
A 23 RACH (Random Access CHannel)ol] 45}
of 7] 58 % TS fIgk AR AX Fof, alo] Y
E{3 MME (Mobility Management Entirty)2}2] %
Hugto] Hasr] ujitol et A
¢IAIZko] 60ms A= Aeli= Ao

27128 5171 10| e H&sh=

A= AQEA 257F AF UL Ao
A wolsel 4] Rtk A8 4
o2 AR O)Ly, Tele—presence
Adlo] w2 WS R EA] A 2] Sl tigth 7|
7} 7FsRt 5G olE &4l HESAA A= FAA1 o
%% FuT 485 E 4 U A0 JhEr,
3. 74 ®Z XA

A At (access) A2 AREAL thtol| A HHAYSEH g

OJE1E 7[R AEs] P8 afE= AR ofvlet
ot LTE Z2EE2 7] g4 49 A a9 5ol 9o

A AREARRRRI, T, ARBARS S 5 AlA
5h= Alo] F-5-(Control Plane)#} Hlo|ElE A
{4} BB (User Plane) 0 & =A W= 4= 9k
= 4G o5 &AlE fI8f Alo] Ft 100ms, AHEAF F
10ms?] o A AAIEE Q5 2310 = Ajksfar Qlct.
19 32 wgo] 27] Idle AefollA HES=] A
A= Connected JE|7HA18] ZREF Z8)x} 2t 7}

318 The Magazine of the IEIE

Grant—Free Access 7|& S0|
agE|a i},

2 okelA 9lrh
, SEEA0N o] Connected AE] =9 9]
Tk FHAlSHE A7 AAA
sk WAgsA] okoH FH HE
¢l Dormant®= H2H=]A] o}, (7L
d 4+ o] Dormante] Q1OHA HEL A2} 577}
FAEIL S uf, HlolEHE Hlﬂﬂ Qo Arederd=
L 27 ¥R A HlolHE Atk 7 285 =
F AR A% Aatolot, RACHE] ZAo] gl
L =tshal 7\}% S 9l ’5HE*J]°]7'F1L 3‘4/\ Ims?]

E &3 729 2y 7
= 5ol 275k 59 0

-

5G o5&l AlL|lo A Algslr] flete] alEal 3



b b =N AL

1. mcclummm
Request(sR
3 Processing
|
4 Grant ——
5. Processing
—— &UDm —

BN

(a) Dormant—to—Active Tl 15

FDD TDD

RACH in
38

RACH in
Time 2,7-
(ms) sublrame subframe
(B0%) (20%)

PUCCH
waiing | 05 2 05

Scheduling
Request

Process

(1

1

eNB 3

processing
Grant 1
UE 3
P

Processing
UL Data
Total delay | 9.5 3 1

Average tolal delay 45 127

(0) B XA 2
=1

(3& 4) Dormant—to—Active ABf2IT Tt X|OIA|ZH 2ALT

a| o |l w
| o || e

= lal @ o] o

wn

= 74 71852 A folBE (waveform) 7%, AB
ze|o] AA 7|4 AFeFY A glolE Ad 7|eR e S
oltt WA Yo|HE 7149 9 3GPP Radio Access

Network (RAN)OllA]= theFet S2ab4= o a} Afu]A A
| 05 shuel A th% &2 8ol 2= A%st
2lo] OFDM o] = 7| E 02 AMESHE AR
Tk o ot H‘ﬂi *]Urdlﬁoﬂ kel numerology
thefshAl WskA 7= Aol aleEar Qlvk, 1Y
L Z<t AQFE]2 9l Universal Filtered Multi—
Carrier (UFMC), Generalized Frequency Division
Multiplexing (GFDM), Filter Bank Multi—Carrier
(FBMC) 59] M2 flo]Hs5o] AR 7l qlrt,
GFDME W45 341 44 0.2 7|0z ALga)
S 5717t k= 71 8loll band—pass 2
2 OhE ALgAbe] AHERS AR, ufebd] OOBE
(out—of—band emission) & ¢Igk 7Hdo] A% #51& 24
ok T8k 9avt Ho, (19 5)2 71£9] OFDMt
GFDMO] A9 ~dER Ui s v}, ulebu]e M2

=

mlm i

B 52

65

& MH|AS 285G HEQT 7|&

%@@@0\

FOM 13
o WUNONRG G PO B =S

-0 & 0 E 10 15 El ] E]
Normalized Subsarrier Spacing X 1842

(12! 5) OFDMI} GFDMC| M2dAm Ed gl H| e

GFDM HAJo| A subsymbol®] 7}55 Ve = 7o s
Mo| F7FshH =Al7] ALt B E7F S7FsHARE OOBE
7} Zol50] BlE 7] AREAE 7do] Wolx|= aubrf 9l
o}, 7|9 OFDM 57| Al2Hlof| A= OOBE7} ==
Ta4 deol Tk Wigel =2 Fue aede B
o, vE7| eollA= OOBEZF ARSARE 7S 2
gst7] wiizoll GFDMo| a4 387 SHollA £

A HojErt

AEE Q] AA Va2 ARAA Bl Akt 4
& 2Y9lE ok 7IeEA 7MY 7]EAQl A A

2 Transmission Time Interval (TTI)2} &2+ H|o]
B A50] 7] ©9lE &0l Aolrh AHEZg|g)e
o|7} FolgW AAIEY, H¥, ACK/NACK 59 At
O] 712 AIZF &7} Folso] XA ol Bt
7FQIt}, F7EE Rl Q= A A ARIAE AH
g9 A 7]4-8 Self—Contained TDD AJE.Z#H¢] 7]
sot}, o] 7| she] AHE Q) Qtol sk e}
AR AE B Egksto] AEE el gk ACK/

& AT A Q] oA AES 4= Qs )

o A QXIS Eol= 1ol o]efole thdRt A H L
g}l F27F AR A MBI AE fisto] AlgkEaL olot,
glold AE7]eS 712 LTE
/\]/‘E“O] 2AEH e 7]Hkske] AR A lolEE A
Sohes A G| AR A Al EduE AR
o] g tigt 517} §lo]
Free Access7} el Qlt}, ofef Hlszt /g ow 7
714k PUSCH (Contention—Based Physical Uplink
Shared Channel, CB—PUSCH)%= 3GPP #3=0)|A4] 11g]
23 Qe EEE AR Hujas 913t Al A do)

B AE71s2A 7IE HHAN A 7S 7dske 28

it

r&"

BN

1
o

jmf
=)
)
=
_,d
O
il
-
2,
&
o
LU

MAEEEX 2016.4 - 379



sl Tt AlESo] AT .
. 97 Quality of Service

T A QAR HAsh7] fJellAl= A= o] AR
5 s §4 oS 4 Zsls teelo] R
g}, 2 AAMof A= Quality of Service (QoS) A9
sy ke 7]Ee) QA7 g S AvRe,

1. MO QoS: IntServ vs. DiffServ

SlE|lof 9] QoS provisioningS A IntServet
DiffServ & 714 QoS 7| o2 Ut} IntServas St
E S AR B QIEY ef-HollA glans
o 9 oefRto 824 QoSE HAshs 7|joltt, o|%}
2] DiffServe AJH|A QARG W2 Edjgo] A
= Aol 7} SR ApESkE QoSE WA= 7]
ok,

IntServ+= fine—grained QoSE& A&}

Resource Reservation Protocol (RSVP) 7|§F £tk

1ok

Expedited Forwarding (EF) 02 U, o] & EF7}
7P =& e A AAIRE HAE Alesidt,
1 7k delay 219 QoS HAgol2hs TofAE 4
| & 719 7ho|| & Aebd o] ZA)skc} IntServe
AR ARe Eek QP AfR|AT)E THssERRE, Zh ey
B2 IntServ ¥ A& HE WTjslofof sfE
olEjdllo|el= i Y EY 0| A= Scalability ¥4|7}
uwg—p {J/H\_i A Qlaf tho] AAA 225
oAM= A FEEo] AA H

, DiffServe=

=
=

N

E‘—O

4|

Hog
“aoz

o

=)
iu

ot

ox
o oo
o

1
oX

)

37
7IE 1P 95l 25

oS 24| 7hsskal HAEE =Y
L, S QoS HANES A sk

2 AR A AR @422 BA
%Zdol AEF. 5G HIERIA Lol 2A4A]
] flsire, = el Ade At
Efje] A2 QoS oF7[E A7} 8.

s
N
-
l‘—E
o E FIF

oo
Ofr
X

2

J
E oo
o

tu
N
e
Kl
I Q“é

wu

=
fl
Mo |
ot

2Mato] QoS: WLAN 2 LTE Al
LA A9 QoS HAS 7MY HifEo| w2 IEEE

Al-127 BLRSPEC 7|7t QoS 2 802,11 WLAN3} 3GPP LTES %
2ol BAR AT RSVPE el xjoiAzlg Baksh| gisiMe HOR TR,

T 7 E29 path Aol $12g MZ 0|AXQI BM MACH} QM WLAN o4& IEEE 802.11e
2B S 7ho]l PATH ¥ RESV W Z2OEE &= AZsk= 30| PL-TLENZP RES Ealo] QoSS A2l
AAE Fauke T Be) g =0 HE-ARXI A RRESS 5 S ol sEel e Qose
- o ol FFRM 2tRE ZHl= Xt J-PE| gl

2299 QoS HAS ¢l Zast QoS Hxt M:FE Sr|MoR=st Mz=9]o] ulg} AC BK, AC
glans Ao Elm RSPECS A ol= 2 99M orchestration  BE. AC VI, AC VO 9] ¥ 7}

QoS 8- Ar=ofl ule} Best Effort,
Controlled Load, Guaranteed %
shUE WAISH et 53], Guaranteed® HA|H
gE50 gy ZAAZRS dX] o= @ JLE T
DiffServi= Al71d# o] =g o135t Scalability ©|
7F = IntServe] ©Hil& =53 ko m A|A g
om TP &||t]9] Differentiated Services (DS) &=
Sl 2t 6471412) QoS EA~E st & 7 2
SE7F w7l W S]] Sl APHSTE MM A BHARS
g 5= QR sh= 7ot QoS 8- Hkof whet
Default, Class—selector, Assured Forwarding (AF),

Ed

e x2 3

320 _The Magazine of the IEIE

HIAIS JHeksH= Z40| ZQsiC),

g olat

1, ZF AC B & Traffic Category
Identification (TCID) $-Al=91E & 7HA] 4 difs)
ak wok AC ¥z ¥Hrol MAC (Medium Access
Control) I ElE Ao 2H ACTH 2PE2RE QoS
Au| 27} 7RSI,

LTE o A= bearer @& QoSE Al-2sh=4), bearer
= UE Y9 eNB 7 radio bearer, UE ¥ P-GW 7t
ESPS bearer 53} Zo] LTE o] 427 HaE A 2lslA
L}, default bearer, dedicated bearer 51} Z¢] QoS
2 EAo) ulel JoEct® UE7} LTE ol & 4

o 1 0

Access Category (AC)=

66



> > > EXEA A

\"}

q7|

et

- i ((||||))

D’) 5 guaes
- spass PEEl CEErT

Users

(a= 6) F2M orchestrationg £

b

Alofli= default bearer’} SE A0k, A2 S Q4L
Sk AH|AE UE7F AJ2FSh= 75 olof] Bhi= dedicated
ESPS bearer 7} A/J%ct, o]@A A% bearers= 87}
A QoS class identifier (QCI) % sl }& FojvtA &+=
o], 7} QCI ¥& A A|7+} Packet Error Rate (PER)
T 7HA19] QoS AIFE7} ApEstE| o] Ao o] Qltt, oflE
E£9], Real-time Gaming ¥} & Ao AH| A9 7
- 2|t 30ms2] A AAKE HAS HAISFITE

olgfet WLANT} LTES] QoS B4 7|H&2> 9 =
AAA BHAS flato] AREE7]ofl= oF4] ofd 71A] &
AS w238kl 9t} WA, [EEE 802.11e 22 A< 1

7HA19] ACHEE A 23tAaL AA F2H: MAC (Medium

Access Control)ol] whebs] gepdict whepa] 912j9] 7
AT %I%P 4 Q= oﬂngl IEEE 802, 110f|A4]%= Z]

9=t} ', LTEY
E ]oﬂ ]7} —Q—:IL’C radio bearer o|7F =kE|m,
Folo| A 20mse] F=7FA x| A A]7Fo]| vFAEl

Lt 2AA DS APl obA & Aol Wit o)

QoS OHZ! ! orchestration

Hie} o] {43t A Y EYA=
0SE HASIH = Ales SISttt
EOJE_L‘ :,I;HI—XJC‘»_] EH]_O] EEHJJ

7L7]
e
Lt =7}
o} OlE| Ui} last—mile F41 YESL A7}
F714 02 A9t et 2 Aolmw, Fet 7k 10ms
o} 2s B Qs 4

% F714 o2 AL ofof OPE}

71%& AGtof A= IntServe] RSVP TEEFHS [EEE
802.11e o ¢1&sto] 44 7F A= *156}312\11[2“,
DiffServe} IEEE 802.11eE 953}17] $3] DSCP

[‘

67

2 M| AE 91556 HEHD IS

%@@@0\

A ol Fels 224 TOID o2 wgsh AC
st g /1HE Aoksheet”
S48 A 22

service queue®] €

ol Aok Etsfal, %3]
T M= 4G QoS HAA]of] oA AH|AE A
SoHA HER, 7]EY 7E4 SAE FoldA Kok
AIE QAL QlEh, AT, FA AR ke ARE F

1%5’4

QI ol

3=
=

4z mZ x2 off
2 2 1o

Oll_o'L
A

O

ol AN

o
)

z

)

wAIE s ash | ffelial= 71ee] T
, A 2R ol ARk
1A R AFd o e MEE
orchestration WAl 7JHls= #o] "asic)
HAa7] QlallA= (19 6)1F o], eNB 9 AP}
A e 2R Eol fA1 eheE O] 2AIET 71Nt
TEule weksle] A WS WSzl A

|K
il
i
fﬁ

2~ ol

>
?“8;

tOL—iﬂruzr

o
o

do w2

N O
fo W o
i)

oo
=)

o
e

7+ 0] Tele— presenceﬂ 7}»—5}
5E7] IelA, 2AAA EdE o] QoSE A
=9) Fdko] @ REICE o]l AH|A0) HiH Q]
B2 SloliAe AHHe AeAS HEFFOEMN, AlolA
O] M| A Tl HEEA] S sfof ghtt, 2 71510
A= 5G HIEY AL thofst A|A AasS S41 02 A4
NI SI7 7]% B Asugten], ols 59 A
B A A Al ke 2 LI
&9] o“lﬂr oA, et

T30 ¥
w4

o of oy

_A_u

1> uﬁ rﬂ

i

Al

ﬁ
1ok
o
)
N
=
)
_J>
w
N
—



V. Acknowledgement

This work was supported by the IITP grant funded
by the Korea government (MSIP) (No, BO126—16—
1064, Research on Near—Zero Latency Network for

5G Immersive Service).

rar

a2

[1] Rec. ITU-R M.2083-0, “IMT vision — Framework and overall
objectives of the future development of IMT for 2020 and
beyond,” Sept. 2015,

[2] E. Guttman, “Progress and content of SA1 5G study item,”
3GPP RAN 5G Workshop, RWS—150032, Sept. 2015,

[3] 3GPP TR, “Feasibility study on new services and markets
technology enablers,” 22.891v1.1.0, Nov. 2015,

[4] IMT=2020 (5G) Promotion Group. “IMT Vision towards 2020
and Beyond”, 2014,

[5] 5GNOW, “5G cellular communications scenarios and system
requirements,” D2.1, 2013,

[6] 5GNOW, “5G waveform candidate selection,” D3.1, 2015,

[7]1 5GNOW, “Consistent 5G radio access architeciure concepts,”
D2.2, 2015,

[8] G. Wunder, P. Jung, M. Kasparick, T. Wild, F. Schaich, Y,
Chen, S. ten Brink, |. Gaspar, N. Michailow, A. Festag, L.
Mendes, N. Cassiau, D. Ktenas, M. Dryjanski, S. Pietrzyk,
B. Eged, P. Vago, F. Wiedmann, “5GNOW: Non—orthogonal
asynchronous waveforms for future mobile applications,” IEEE
Communications Magazine, vol. 52, no. 2, pp. 97-105, Feb.
2014,

[9] 5GPPP and METIS Il “5G RAN architecture and functional
design,” Whitepaper, Mar. 2016,

[10] V. Bobrovs, S. Spolitis, and G. lvanovs, “Latency Causes and
Reduction in Optical Metro Networks”, SPIE 9008, Dec. 2013.

[11] “BTI Systems claims 20—ns transit time for low latency
transponder”, Lightwave online magazine, June 2010.

[12] J. Gettys and K. Nichols, “Bufferbloat: Dark buffers in the

322 The Magazine of the IEIE

Internet,” Communications of the ACM 9(11):57-65, 2011,

[13] H. Jiang, Y. Wang, K. Lee, and I. Rhee, “Tackling Bufferbloat
in 3G/4G Networks,” in ACM SIGCOMM IMC, 2012,

[14] M. Alizadeh, A. Greenberg, D. A. Maltz, J. Padhye, P. Patel, B,
Prabhakar, S. Sengupta, and M. Sridharan, “Data center TCP
(DCTCP),” In ACM SIGCOMM, 2010.

[15] R. Mittal, V. T. Lam, N. Dukkipati, E. Blem, H. Wassel, M.
Ghobadi, A. Vahdat, Y. Wang, D. Wetherall, D, Zats, “TIMELY:
RTT—based Congestion Control for the Datacenter,” ACM
SIGCOMM, 2015,

[16] Z. Savic, “LTE design and deployment strategieis,” Cisco
2016.

[171 D. Singhal, M. Kunapareddy, and V. Chetlapalli, “LTE-
Advanced: latency analysis for IMT—A evaluation,” Tech
Mahindra Whitepaper, 2010.

[18]W. Park and H. J. Yang, “On spectral efficiency of
asynchronous GFDMA and SC-FDMA in frequency selective
channels,” in Proc. IEEE Vehicular Technology Conference,
May 2016.

[19] Ericsson et al., “3GPP TR 36.881 VV0.5.0,” 3GPP RAN2 #92,
R2—157181, Nov. 2015,

[20] Cisco, “Resource Reservation Protocol,” DocWiki. http://
docwiki.cisco.com/wiki/Resource_ Reservation_Protocol

[21] Cisco, “DiffServ — The Scalable End—to—End Quality of
Service Model,” White Paper, August 2005,

[22] IEEE Std 802.11—2012, “Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifications,”
March 2012,

[23] N.A. Ali, AM. Taha, and H.S. Hassanein, “Quality of Service
in 3GPP R12 LTE-Advanced,” IEEE Commun, Mag., vol.51,
no.8, pp.103—109, August 2013.

[24] L. Zhang and S. Zeadally, “Enabling End—to—End QoS
over Hybrid Wired—Wireless Networks,” Wireless Personal
Communications, vol.38, no.2, pp.167—185, July 2006.

[25] S. Park, et al., Collaborative QoS Architecture between
DiffServ and 802.11e Wireless LAN, in Proc. IEEE VTC—Spring,
2003,

68



b b » EXX|01 AZ

ol

pd| 2|

fol

+ 19999 29 AZeghal 715 3HE BhAL

+ 2005 4% Univ, of Michigan, EE: Systems AJA}

+ 20104 12¢ Univ, of Michigan, EE: Systems BFA}

+ 20104 12¢€9~20114d 7€ IBM T.J, Watson Research
Center BFIAREO1LY

+ 20119 89~20154 8Y AREl7 |49 24

+ 201591 9E~&A SAlel7 e K

EEop
Al wukel YIESIR, 5G VIESIE, FHAIQIZEA,
LTE-U

rok
OB

+ 2000 3¢ KAIST 7|9 A58k} shat

+ 20044 3% KAIST A7) A A}g-akat AL

+ 201041 8Y KAIST 79 }g-ska} whA}

+ 20104 8¢ 20119 8Y T3 Yl A+
+ 20119 109~20124 10¥ Stanford University

w5317
+ 20124 10¥~20134¥ 89 Broadcom Staff II Systems
Engineer

£ 20139 99~ AA| S4B |49 s

@Hsol)
A O, A B4 PHY 9325 W o2

MHIAE QISst5GUHIEYA 7|1 S8 @@@0 ‘

+ 20024l 29 KAIST EE 8H4}

+ 20049 2% KAIST EE AAF (R4 A4)
+ 20099 8¢ KAIST EE BHA} (Rl A4)

- 2010 49~2011 8¢
North Carolina State University, Post Doc, (CS)
- 20119 99~20124 7€
North Carolina State University, Senior
Research Scholar (CS)
« 20124 8¥~31 2] UNIST, School of ECE (CS Track),
24
AR
Wk A5, AR A, wolHAlE YELAL, VR/
AR YEYA

2

« 200241 2 ofrfekul ARSI ShAL
+ 200441 8% KAIST A7 A A}-aat AAf
+ 2008 2% KAIST 7| WA A}k ghAf
* 20084 19€~2009d 84 KAIST ITg¢+ol414
e
+ 200949 9€~20104 29 KAIST ITg¢ol -4 olqtals:
+ 201049 39~20149 29 Y AA el 21
=]
x

- 20159 99~RA FeF st s

FHdiop
5G ol FEAL FAA AlaAle, HuolE

MxZEtE|x| 2016.4 - 323



+ 19989 3¢ Al&tstul H7]52k

+ 20009 3¢ Al&istal H7]5e

+ 20054 3Y A-&tfjetu A7|gehE Hl

+ 2005 9¥~20074d 6 el ekl BrAS A

« 20079 7¥~20104 2% @3slo] e F skl Research
Scientist

+ 2010 3¥~20119 8¢ bP%ﬂgﬂ%l’ﬂoLﬂ S

+ 2011 9E~SA SAkEl7 | Rl

=

15}

ﬂ ot oft ol

HAEp
SR Y EQD, 56 WEY A, Internet of Things

324 The Magazine of the IEIE

02t
(o

70



	초저지연 실감형 서비스를 위한 5G 네트워크 기술 동향
	Ⅰ. 서론
	Ⅱ. 5G 네트워크 지연요소
	Ⅲ. 종단간 Quality of Service
	Ⅳ. 맺음말 및 향후 연구방향
	참고문헌


