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Results of the UTRA vote at SMG#24 bis
held on 28 Jan. 1998

Proposal for a Consensus Decision on UTRA

Alpha (W-CDMA) 61.1% 930
Beta (OFDMA) 0 % 0
Gamma (W-TDMA) 0.2% 3
Delta (TD-CDMA) 38.7% 590
Total 100 % 1523

The voting weight of members who abstained was of 163

ee——I
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Proposal

In the Paired band (FDD) :W-CDMA

In the unpaired band (TDD) : TD-CDMA

The objective in the process to select the technical parameters

Low cost terminal, Harmonization with GSM, FDD/TDD dual mode
operation, Fit into 2*5 MHz spectrum allocation

4. To provide agreed guidelines for the handling of IPRs essential to

the UTRA.




LEFDFEDELTHRDFREAREL K

B QualcommttDCDMAE RIZHTHF—H T
LY O DEEE H T
Rak(’.‘xf_
YIMNIRA—13—
BEFAIN—F, BEFAN—F(SRELIN—2F)

B CODMARFBIITYFGIRTLTHS=H, VATLBEERDE=HIC
(&, FHFvYoIERNE
Multiuser Detection (MUD),
E3Z{t7+JL% (Orthogonal filter)

B LHL, W-COMATIEERAINT=-Ffff (L, #ELGEM (QXF BEE, LEE
i, FUEDZERES)

e SINRR—XMDEX{EE HHIHE

. NAMOyMEBZHALSOE—L > FRakeZ{E
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W-CDMA&Ecdma2000) Harmonization

3G W-CDMA X Ufcdma2000& M harmonization TR &> - 4%
m FyIL—b

« W-CDMA: 4.096 Mchip/s

« c¢dma2000: 3.6864 Mchip/s

=> 3.84 Mchip/s PZ DR, 15 slots /10 ms

m Eih 5 RE RHA

- W-CDMA: i BEIERLHER > BRA~NDERHLTEREEELT, GPS{E
SIZHELEWNERT VARV I —O DB E

- ¢cdma2000: Fih 5 EIERHAER

> EFHREERIERE~N—X

QD T4 RAYar T, ML Y—FLYLH5EZITEORLEIL—F

MNER > B EILDOEILIDDEH

B FTYYoCDMEE/xf1Avk

- W-CDMA: TDM®DOERI/s1avk

« cdma2000: CDMO) &/ s Aavk

> AMUDBFEFEH—ERX(BZEL—F) DIE&X, COMD K@/ \1OyrDEALHE
MNESE, IRUZFITINA T, TODMERI/ XOvrIRBE LG/ 1Oy URILERIC
AR EORENDE

> CDMO) E/ SOy H$EA
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IMT-2000 D ER &4 LB K

« BRVATLALYBEICRBLEERCT Y —EXZEA#EET HEED

o INTYMOTIFATATEZEUCERRLIVEFTEY—EX

- BLWVU—EXGRH

- EERBENORELEREY

- BEICELA—EYrL—F

o RELEBRTS

s EEDOEHBTEVELMISEELZETAPCITPAILEEERREETHERICIEHL
THEBZEE5EZ5E

- EXRMT—REIE

- BELEX1YTv

- BEAODAEZEONE

« ATV RYRNT—HFRIZLI=Y—ERElEE, H—EXTOI7MILE
L2

« Fi—HUHBVRTLEHE ENAILAZ—2R YD EERFEL

0 EFH—EREXNRELELI-AENFrRILDYY—RE|YLHT > CDMA

o 1990FERBFEDAUI—RVINDRARLER, T—3FSEVIDRBEEET

=1-5, £FFvRJL = OFDM waveform
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W-CDMAER A2 T7T—ADOHAEEFRDOBZERMN DS

B RRARL, BERBRITOFRESE
+ 1 DDOFITTHEREAAEESLIELTHLHEEE

+ BROBMOHMEREOBRNTHSLOD, HEGHREREZE

R 5F—FIhdHs.
B ¥F(Numerology) ' EE

« NumerologylZZ D Release TEE D> #HiDRelease THRAE

h3H L, NumerologylZ{k7F

o VATLEREH, ERAREBARIMVIZEKET SREL

NumerologyZEEd A ENBE.
B FESRTHT

o RRAVATLOERTRHRAINAEMIE, FETOINURERBLTL

HLEBLTLVEL.

LBIEE, BERIIZIR

y %E%ﬁ'liﬁ'é&%(d:?&'d, aRb, HBEE, ILE
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IMT-Advanced® BEEFT—4L—k

m FREREEES -REREABFTMITUR)IDIL—LT—V8IE

(ITU-R Recommendation M.1645)

(ITU-R: International Telecommunication Union-Radio communication sector)

Mobility 100 Mbps

High
IMT-2000 Enhanced\
IMT-2000

\

] o S | iy v, . s P | [

_ _J 4G (IMT-Advanced)

1DODREEA 3T —ATERR

- HiFdDwaveform
« F—AL—rOmMZEIF, EE

BHIEDIE, 7o THH
DK, BRERAZOE
AT

K 10 100
Peak Useful Data Rate (Mb/s)

Extracted from ITU-R Recommendation M.1645
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LTEDEXE{LRIRIZMmIFTT

B 20035 FE TIZ, NTTROED, B EER(BELEE(L40 km/h, {2EE
R CERE) T, 100Mbps, 1GbpsDIEEEERIZRTH

- 100Mbps (LTED BEE—27—4%L—F): 100, 200, X T300 Mbps
DA I—TyrEEE (QPSK, 16QAM, 64QAM, 4—HRFFB{L 3
3/4, 101.5 MHz D % {E&18)

* 1Gbps (LTE-AD BEEE—9T—4L—F): 16QAM, 2—RFFBILE
8/9, 4-by-4 MIMO, 101.5 MHz® 2% {5 518

B 2004EMD18IZ, NTTROEHAT, CTONSIGHBEMARIEIL
TAGDEBR T O ERABEEALIE-Y—ERZERT HEDIETR.

B 20044 Springh'in, BN, ES D A—hH—SAL4GHEEIE DG
D EMZZ R (GRiF)

» 3GPPTId, HSDPA/HSUPADEZE{E LM RELI-ER > HA,
28 2N 75 I

- OFDM#AY, CDMAIZHEL T, £FFv=J)L(Shared Channel)Z ALY
BN YMEEITEL TS (BODRIL—TYRERI|TED) S EFY
Sal—ialigREESITERBA.




3G Long-Term Evolution (S3G)DLIE DI

B Long-term technology evolution for keeping the continuous growth
of mobile communication industry
« 3GARMDLong-term evolution & 3GH R D & FE%FFH
« RBEDAGAXICHLTELEHEFNOHAEMDEA

Super 3G Technical study :
Next focus

Specifications and syste
development: Ongoing

Commercial deployment:

Done successfully ~_,
Faunch
y

3G
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DS-CDMAZ AW/ Y MEE

B LHBESICHEBLT, ZEMTIHELBOBETCHBAEG ICEYTFH
HIUHFEHE 2 DS-CDMAIL, SUF LICELAFSEYIIZHLTS
DEL—FFrRIL(EE)EZEHRUERITT SO TFHIER #HET 2 EHR)
ZRAWTHEI(NETHDICET S

B HEFRILERWBNNTINTORARTIE, E—=ODT—42L— BT 51=
&, Aa—FBEZAHLS

One chip “““‘
[ 1 II II II II II II II II II/|I//|I II II II II —
One bit " L/ . .
K-code multiplexing
HLBE(SPIEOBBITHAL TS, KEOI—FE3E BEH (T ILF S
R)DoDFiHBIZ&
KSF=~1 o . Y KIEIZHiE S 1L
One bit HESR
IIIIIII Time

No spreading gain (CDMA®DA)yrMRESNZLY > ESMICIXFETDMA)




3GPPIZHITALTERBA AT —ADIEE

B 20045108 DXV 7, A—H—=EB (2102 DELAKXEE) T,
3GPPTOIZEL DERERTE

B 20045128 D3GPP TSG RANS A TLTED BN 3T —ADR
SERRTAEN KR

B 2005538 MD3GPP WG1E AT, LTEQEBRAV 27— ADRE%E
BATR.




Rel. St RDLTED L AT LEREH

B 7 )LFRERSEEE: 1.4 (1.25), 3 (2.5), 5, 10, 15, 20 MHz
B Packet-switching (PS) E—F D& DY HR—k
* VoIP capability in PS domain
BE (&, VOIPTH R— M 50 BEEEENDE
B {E:EE(Low latency)
« EFEE: 1 —YT—2T7L—20EE(U-plane latency)
v’ Latency in RAN is less than 5 ms one way (RANA® FiEEE
X 5 msLIA)
- BEFEEDERE:FIEHTL— OREZEBEIE(C-plane latency)
v’ Idle to active (fFb2I(THhHEIERRE): less than 100 ms
v Dormant to active (BIRZ{EHM HEBIEIKEE): less than 50 ms
m Fk & F A3 (Frequency efficiency)
 Release 6 HSDPA, HSUPAIZ* L T, 3-4 {& (DL), 2-3f% (UL)
mE—oT—3L—hk
100 Mbps (DL), 50 Mbps (UL)
B a—YR)L—Tvy
- Release 6 HSDPA, HSUPAIZ»t L T,
- Cell edge user throughput: 2 - 3 f& (DL), 2 - 3 {& (UL)
- Average user throughput: 3 -4 5 (DL), 2 - 3 f& (UL)




LTEDWaveform (1)

B {HFvR)L(Shared Channel)TlE, E—9DTF—2L—rZM L.
B EILRIL—TYk, RO LI—FRIN—Ty e ETSH=-012, A—RK

BERAWBRI—FrRILTHOER

R—tE/ILAQOTIILFI1—FETH: BERESIURHEEEDERIE
- TYOFDMA: 47 &+ 1) 7 KUk B VR ILL—KE + Cyclic
prefix (CP) =& L URIVEIFSHEHE
- _LEYDFT-Spread OFDM: J R/ 1L fE ik #7815 % L (FDE) + Cyclic

prefix|Z& 57OV IR TFSHIE

- ABEILFHB R—REFEIBEEDRISUTILa—FIcLbBB#EIL
B ILE O FSER: BRBEVEFEEEOE/LET S, £
Bt JLERemote Radio Head (RRH)ZAL=E—rEILREIZHIT5,
TRV —ZXDEPHEH(COMPER{E, TILFI—FMIMOZEL)

W-CDMA LTE LTE-Advanced
Intra-cell | DL | (Partially) orthogonal Orthogonal Orthogonal
UL Non-orthogonal Orthogonal Orthogonal
Inter-cell | DL Non-orthogonal Non-orthogonal | (Partially)-orthogonal
UL Non-orthogonal Non-orthogonal | (Partially)-orthogonal
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LTEDWaveform (2)

B OFDM waveform
® TYY>%s: OFDMA = BiEBEERRyroa—1)2T
® LUY1>Y: DFT-Spread OFDM = BB EBMNEIZLS)Y—REYYHT

OFDMA | w51 -3

O pum o
FEIE Y 4 "~
g% i i cp Eilt
~ e AR ,| Filter
DFTE e, RYEVT | C IFFT add ing
DFT-S-OFDM ,:" l: CP: Cyclic prefix

____________________

.é

B FEHBEET, EENIC“EnEBEE AT 5ELocalized FDMAIZ, BERIRIIZ
“O’EE#H AT BEDistributed FDMAEE 2155
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LTEIZ$[TAHCP-OFDM®Numerology

B CP (Cyclic prefix)-OFDMD ;R

ZOvk(TTI: Transmission Time Interval) BZE#E{t 9 BEICES5E
ﬁ{nﬁﬁﬁﬂ (RTD: Round Trip Delay)® & i

« OFDMYURILEIAOYRDSOORIILBER KT B1=8HI1Z, T X+ 7R
REEK DEHA#EX, Y7V TRIROE KT EICKYERNShS
£ DD, Cyclic prefix (CP)DHEA LA X

® HJX+!)7MEFE(SCS: Subcarrier spacing)

e E DR (BZOFDM U RIL
RIFES)

[t DR (BZOFDM U RIL
R(F5E<)

o FIHHETFICKIRYEDSIL

o FyFSEABRHMIZLIBRYEDNDSIL
® OFDMI AR ILE/RAYVED R
v CPOBABXDOBRAMNSIEIER

® CPOBABLDIEX
v OFDMYURIILEIRAOyRE#X
Al

B SCS:13-15 kHzTE#E{L & &IRE
12U, ILEIEEE10 kmBBEETOT/ORILEBEOYR— M EEE
> 3G OFDM® SID FH MK H D15 kHzDSCSEH A
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LTED 7L —LIER

wmImIL—L =10 ms

0.5ms 1Y TIL—L=2ZAY F =1ms

___________________ T S T F o RLOBEEATT)

Slot1 |Slot2 [Slot3 |Slot4 | ecceeccccccccccccccoe Slot 19|Slot 20

4—'—>

Symbol 1 | Symbol 2 | eeeeeee Symbol 7 Effective OFDM
A / symbol

FDD&TDDTCHED 7 L— LR

|45 L—LE10 msiE, W-CDMA & Rl

20w FE0.5msT, W-CDMA®O0.667ms & DL @ L
EZEDFMAMN S, Transmission Time Interval (TTHIEH T 7 L—LE
M1ms (22 Ay &) 2> TTHRIZHSDPAD1/2
URIVEITFHEHIET B 1=8I=Cyclic prefix (CP)Z#&E A9 BCP-
OFDM

MBMSE L UXKEZILHDRINCPZEART 5L VRILERDENGT D
L—LtEH
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W-CDMATGEREASh T IZLTETIERERSh F=H il

B 3G UMTSIZH T 5 MRIEE T X DIEFHICOFDMAVESE
BR (ETSI)IZETHUMTSHE EREBR T IO LADT IV —T
o : Wideband CDMA
p : OFDM = ERNTIX, BDMATOFDMMIZE
vy : Wideband TDMA
6 : Wideband TDMA/CDMA
¢ : ODMA (Opportunity Driven Multiple Access)
> ZHOFFY—EX(EZEL—F) OEFFYRILTEFEASATIC, B
E—OT—3BNHEBLEHBFvRIL(Shared Channel) TR

B CAZACZJ%

« W-CDMATIXEZEL—FDBFEYH—ERXRFYRILOKRBELELNFRLEEL
BEREHETHoI=1=0, BRFrYRILENREZLENDIZENEE D> wILE
BORIZTNA—FZERAWA22EEOIEFEEYHT

« —A, LTETIE, £EFYRILZAWNSNNTILT7IER

> RRF7 A FrRILEDBRESNST-8, LTEOPRACH, PUCCHTIX
CAZAC% % TéHSZadoff-ChuRFIE+EH

CAZAC: Constant Amplitude Zero-Autocorrelation
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LTE(Rel. 8)MD L A T LERFHZREBR I HHIH

mE—/VTF—42L—bOML
« FYY>2%:100 Mbps

- [5E81E (20 MHz), 2-by-2 MIMO £ E, 64QAMZ R
« £EY1)>2%:50 Mbps

- [EEEE (20 MHz), 1-by-2 SIMO , 16QAMZE R

B EILEY, wLELI—FRIL—Ty b, BREFRADFEORLE
(xtRel. 6 HSDPA, HSUPA)
- FUUYYH
- ZILVAEXTILFT7 Y X (OFDMA)
- BRRBEEBR S 1—1) VT DER
- 64QAMZ A (Rel. 6 HSDPA: 16QAM)
- 2-by-2, 4-by-2, 4-by-4 MIMO £ & /5 4 /13— F (Rel. 6 HSDPA: 1-
by-2 SIMO)
- EYyry
- ILHERXRTILF T Yt X(DFT-Spread OFDM)
- BRRBEEBR S 1—1) VT DER
- 16QAMZ R (Rel. 6 HSUPA: QPSK)
- 1-by-2, 1-by-4 SIMO % 4 /3—_F (Rel. 6 HSUPA: 1-by-2 SIMO)
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3GPPIZ#I[T3Rel. 8 LTED M REET{Miks R

B AT LB E (bps/Hz/cell)

Y: LY:
?;sks"é#: Rel. 6 HSDPAIZX{L T3 — 44%) (Ejak?i%ﬁ:: Rel. 6 HSUPAIZ*{L T2 - 3%)
LR 500 m 1732 m ILEEFE 500 m 1732 m
HSDPA 1-by-2 0.53 - | 0.52 - ||HSUPA2Rxdiv| 033 | - |[032]| -
LTE 2-by-2 MIMO | 1.69 | x 3.2 | 1.56 | x 3.0 ||LTE 2 Rx div 0.74 | x2.2 | 0.68 | x 2.2
LTE 4-by-2 MIMO | 1.87 | x3.5 | 1.85 | x 3.6 ||LTE 4 Rx div 1.10 | x 3.3 | 1.04 | x 3.3
LTE 4-by-4 MIMO | 2.67 | x5.0 | 2.41 | x 4.6
B VoiceBRE (1—Y/5 MHz)
ILEE TY £V
500 m 317 241
1732 m 289 123
B (ZRBIE (RANAIO H B 5B E)
(EREH: 5ms)
0% HARQ 30% HARQ
RANA D B 1RE B E 3.5 ms 5 ms

tHi#: 3GPP TR25.912 5




4G (LTE-Advanced)~DF1#

3G RAN Evolution

® “Enhanced IMT-2000”

® Existing 3G Spectrum and
additional spectrum

® 14Mbps - 30-100Mbps
“up to approximately 30 Mbit/s

by around the year 2005” ITU-R

M.1645

ITU-R M.1645

SPECTRUM

BIT RATE

Mid-term Evolution

HSDPA, HSUPA, etc.

Long Term Evolution (LTE)

Competitive technology
even in 4G era

1980s 1990s

l\"‘t LLLLLLLL

LLLLLLLL

4G
® ‘“New Mobile Access”

®New Spectrum for 4G with
Broader band e.g. 100MHz

(20074E11 B IZHRE)
®100Mbps-1Gbps

: lution | Evolution

2000s

-
-
-
-

Faunchi id-term | Long-term |:

llllllll

2010s 2020s
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LTE-A (Rel.10)D L AT LMBED EREH (1)

B E—)T—3L—rEIUVE—VEAREFADE

Rel. 8 LTEY | LTE-Advanced | IMT-Advanced
AT LERE BREH BREH
E—s5—4 | FY | 300 Mbps 1 Gbps )
1 (1)
L—+ [ Y| 75 Mbps 500 Mbps (1Gbps)
E—VREH | TY 15 30 15
FIAZNE L
[bps/Hz] Lty 3.75 15 6.75

(/2T 4y2/0—hILT)TFTRIZET1 GbpsES—7yh T HIENY—F 5L 5—(ZRE#

mE— ) T—42L—F

« 4-by-4 MIMO§ & UFHiEIIE#I70 MHz®D & &1 Gbps = X1

B E—)RRBRAAZE
« FUY:Rel. 8 LTETIMT-AdvancedDEREHZHTE =& 3GPPOEREH
[Z 30 bps/Hz.

« FVY:IMT-AdvancedEREHZMT=-9 -HIZRel. 8 LTEIZX L T2fZIZF
B ERME

27




LTE-A (Rel.10)D L AT LMBED EREH (2)

B RTLBESLURILEELI—FRIL—F vk

72T | Rel.8LTEY | LTE-Advanced | IMT-Advanced
TR | 25 LEEC) BEREHC2 BREHC
DATLABE |TY| 2-by-2 1.69 2.4 —
[bps/Hz/cell] 4-by-2 1.87 2.6 2.2
4-by-4 2.67 3.7 -
EY| 1-by-2 0.74 1.2 -
2-by-4 — N 2.0 1.4
x1.4-1.6
w1 —Y | TY| 2-by-2 0.05 0.07 -
AIL—Fyk T
(bps/Hzicolllu 4-by-2 0.06 0.09 0.06
ser] 4-by-4 0.08 0.12 -
EY| 1-by-2 0.024 0.04 —
2-by-4 - 0.07 0.03

()3GPP TR25.912 (Case 1), "23GPP TR36.913 (Case 1), (3ITU-R M.2135 (Base coverage urban)

e TY/EL:IMT-AdvancedDERFEH (23 L T, 3GPPAOLTE-Advanced

TlE& YBWEREHHRE.
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LTE-Advanced|=B T3 L&

B X)) 7755 — 3> (Carrier Aggregation)
- FEHOERHIOvH(CC: Component Carrier)ZALV\AZETHRK100 MHz
BEETOLHEE
= TY1 Gbps/ £Y500 MbpsDE—HF—2L—FEREHDER
o ZCCITEAMIZRel. 8 LTEE/ AT —RaV/SFTILIGHER
- Rel. 8 LTEAE#HDUEI(X, 1CCZ AL YTRel.10 LTE-AD E #h 5 1.
- Rel.10 LTE-ADH#DUE(L, 20MHz%180D1CCEAL TRel. 8 LTED

Hih B iER
System bandwidth, CC, e.g., 20 MHz
e.g., 100 MHz \ QP,
UE capabilities | | | | | Freciuency
" | | 1 ! ! 1

* 100-MHz case
J* 40-MHz case |

e 20-MHz case
~ (Rel. 8 LTE)

29




LTE-A (Rel.10)D ERFEH-ZmT=-9 1= DEi

B EFEAE ()T T7IIT—30)
- #EH D Component Carrier (CC)Z R \=[EE1H 1L
- BRSRAFR¥EEAW:IEHEE(Spectrum Aggregation)tHR—k
> E—OT—5L—b, FEGARIINSLEYEHT
B YILFT7IERARXELVER/NTA—S
. ggﬁgggﬁﬁixwzml. BLTELR—DTILFFIEAF, FiEN
SA—

= Rel. 8 LTEED/\Y Y IT—FRaAVINFE) T«
B ZILF T T EEEM(MIMO)D AR
o FYULOIZEITHMIMOZEREZEHDIE K (FRKX8L1V/UE)
o LYY IIZEITHMIMOZERZEDEA (FRR4LAVIUE)
« RILFA—YFMIMONDREEL (BRIES, UET1—F/ XY DHLR)
> E—VTF—EL—b, DRTLEE, BILIRI—FRIL—Tvk
B )L E8(CoMP: Coordinated Multipoint)i%32{g
o FUIEYYLIZEITHEHEILIBEREEIZE
 Heterogeneous networkI=# +2 T i il {H
D> LA —FRIL =TI, DLy DHEER, FEES AT LR
myL—
« “Type 1 relay” (')L—RH I LEILEHRE) DY R—F
2> HI\LYIHRER, aXb




3GPPIZE+ALTE-Advanced D REET(MFE R

B IMT-AdvancedE3R E# ELTE-Advanced D ¥ AT Lt REFEMi#E R (Base coverage urban)

TY/ | 7T+ | IMT-Advanced LTE-Advanced
Y | M| EREE ZAT LIRS
(#fRel. 8 LTEL)
E—4 B il SR A TY | 4-by-2 15 16.3 (1.0)
[bps/Hz] £Y 2-by-4 6.75 8.4 (2.0)
2.2 2.7 (1.4 - 1.7): 4-by-2
L -bv-
SRFLRE T | 4-by-2 2.2 2.6 - 3.3 (1.6 — 2.1): 8-by-2
[bps/Hz/cell] 1.5-2.0 (1.1-1.4): 1-by-4
£Y | 2-by4 1.4 1.6 —2.1 (1.1 — 1.5): 2-by-4
0.056 — 0.083 (1.0 — 1.8): 4-by-2
TY | 4-by-2 0.06
LD — R JL—TFyk ‘ y 0.070 — 0.10 (1.5 — 2.2): 8-by-2
[bps/Hz/cell/user] 0.063 — 0.096 (1.0 — 1.5): 1-by-4
L -bv-
£Y | 2-by4 0.03 0.069 — 0.10 (1.1 - 1.6): 2-by-4

ITU-R M.2135, (23GPP TR36.912 (FDD)

B LTE-Advanced® < X 7 LtERE (3GPPIZE 1+ 5 B EEf#ER)

« E-VRRBFADE SATLEE twiLmI—HFRIL—Ty rOWWTFhi
IMT-AdvancedEREHZERE (f2dD, “Indoor”, “Microcellular”, “High
speed” DIBIFICDLVNTHME-T _LEFHER)

. ERRERER

v E—9 BiREFIAZE : Single user (SU)-MIMO(LE V)
v ORFLEE : MU-MIMO(TY), SU-MIMO (EY)
vV LA —FRIL—TF v b : COMPE(E, EEFAM/1N\—IF(LVY)
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3GPPICEITALTEHEZREA AT —RADEH (1)

LTE - OFDMA/DFT-Spread OFDM

(Rel. 8, 9#1&) « K20 MHzDEE

— L - ZXK4x4 MIMO F

l

mE—o57—E3L—bk, VAT L
BEDOEX

LTE-Advanced | (Rel. 1053%&)

«Carrier aggregation
« X K100 MHz D 3% {5 #150
- K8 x 8 MIMO%

EPDCCH | (Rel. 115%1#%)

s TYFIEF vy RILOILTE
(Enhanced PDCCH)

Advanced UE receiver

BB EEUERIE (Rel. 115748)

FD-MIMO |(Rel. 135%&)

2R FTIRAIEE — LA (R

BATOS——FARYRT—4H B ALY I T DYLEE
(HetNet), /ML DTRIBRIRERR,
1 —F X IIL—TvrD MR L

Relay#: fif
ICIC | (Rel. 83R%) (Rel. 1051#%)
- iR sEE DICIC I \wHR—)LEBET IR
HetNet (/MNMzJLDEBESHERR) gﬁgﬁgg_gagbﬁij?;%ﬁﬁé

-Cell range extension (Rel. 10#1#)

Enhanced ICIC (Rel. 10#3#&)

- FFfEfEE DICIC

CoMP:%{E (Rel. 11534#8)

-HetNet|=£11 2 & i H%1E
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3GPPICEITALTEEZREA AT —RADEH (2)

LTE « OFDMA/DFT-Spread OFDM
R " - K20 MHz %5 Hiisk
(Rel. 8, 9%%@ - ;xK4x4 MIMO %
B KA E GRS REaAXRRM[ETYTHINLYS
¥ loT
D2D;&E({E (Rel. 128 | _=ov0 Ol
UE Category 0 | (Rel. 12ji##)
-D2DIE##{E, device
discovery UE Category M1 | (Rel. 1333#%)
LTE-V2X (Rel. 143#%) || .4.08 MHz (6 RBs) bandwidth
*Vehicular-to-X (V2X) %= %1} EEL bttt T _
¥ HEBLBRNEE | UE Category NB-loT _}(Rel. 135i4#)
+180 kHz (1 RB) bandwidth

® +)L5—LPWA(Low Power Wide Area)
LoRaWAN&ERBEE, Y—EXMNN\vT12 T



5G NROFZE
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3GPP NR Use Cases

B Enhanced Mobile Broadband (eMBB)

Peak data rate of greater than 10 — 20 Gbps

100 Mbps whenever needed

Traffic increase of 10,000 times

Support of heterogeneous networks with macro cell and small cell
Support of high mobility up to 500 km/h

Network energy saving by 100 times

Massive Machine Type Communication (mMTC)
High density of devices of 2x10° — 10%/km?

Long range

Low data rate of 1 — 100 kbps

Ultra low cost

10 years battery

Asynchronous access

Ultra Reliable and Low Latency Case (URLLC)
Air interface latency of less than 1 ms

End-to-End latency of less than 5 ms

Ultra reliability of 99.9999%

Low to medium data rate of 50 kbps — 10 Mbps

High speed mobility
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5G NREHR A A7 —AXADWaveform

B 5GOTILFT7IEAAI (Waveform)
CP-OFDM with a scalable numerology (subcarrier spacing and CP
length)
DFT-Spread OFDM (UL with single stream transmission only)
v WindowingDiEF € FvRILREEIEICHN L TES O & BEFEIEA
90 %Ll EIZZRB T EMHE

® TILFTIERARXDREDIEHL
BRI (low latency) € R ¥a—1)UJ R—ZXMORBEY K TEHIIR
MMTCOEIRANUENEEZZREL T, CP-OFDMZ#RHA
2> CPOH#HEARK (%310 %)
LY DI2BITBRTDa—)0 T DREE, MIMOZEDEREZEMRL
T, CP-OFDM®#EMA

> I)iE~DEAIZIL, BeamformingZRAWL\5H/\Ly T 7 DR L
BETHY, MIMOZEIXRHTXNITEISVNII—DU T TES
OFDM#AS, DFT-Spread OFDMIZ LB TIEEEE D MIE.
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NREE{E A2 T71x—XDNumerology

AF = 24215 (kHz)

B Scalable subcarrier spacing

- Subcarrier spacing (SCS) & (& /\TA*—4
- Cyclic prefix: Normal / Extended

RAES

< GGHZ{

RIHAES
> 6GHz )

/”
-
L

N~

RAES

52.6 — 71GHz

g | HITxv T | HZHOFDM | CPE&
Af=2#15 (kHz) | Yo RILE

0 15 66.67 us | Normal

1 30 33.33 us Normal

2 |60 16.67 us Normal/Extended
3 120 8.33 us Normal

4 | 240 4.17 us Normal

5 |480 2.08 us Normal

6 |960 1.04 us Normal

1 Data channel
| <6GHz

| | Data channe
> 6GHz

Data channel
52.6 - 71GHz
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NumerologyD % &

MR AOybR(Y | AOvhEUEE | OFDMY Y | OFDMY Y
L—L TJIL—LE) [ #I7L—L | RILBIR |[RILE
ayk
3G W-CDMA |10 ms 0.667 ms 15
3G HSDPA 10 ms 2 ms 5
4G LTE 10 ms 1 ms 10 14 66.67 us
5G NR 10 ms 1/2k ms 10 x 2k 14 66.67/2k us

NRIE#R A 37 —R
« ZXAYFHRNDOOFDML UHRILEIE14
o IGHEISCSIE, EEEMNEREINBURLLCICER
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NRIZBITHYEFY=RIL

B DL Physical Channels

- PDSCH
Physical DL Shared Channel
- PBCH

Physical Broadcast Channel

- PDCCH
Physical DL Control Channel

UE (User
Equipment)

® DL Physical Signals

- DMRS
Demodulation Reference Signal

« PTRS
Phase-Tracking Reference Signal

« CSIRS
Channel State Information Reference Signal

- PSS
Primary Synchronization Signal

- SSS

Secondary Synchronization Signal

Base Station

B UL Physical Channels

« PUSCH
Physical UL Shared Channel

- PUCCH
Physical UL Control Channel

- PRACH
Physical Random Access Channel

® UL Physical Signals
- DMRS
Demodulation Reference Signal

« PTRS
Phase-Tracking Reference Signal

« SRS
Sounding Reference Signal
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NRELTEDOYIEBFVYRILDES

B LTEO TFYYUITRESN TNV ALA VY AEETUTFH) ETORIVEE
S H{ES(CSRS: Cell-specific RS)A%, NRTIZEELL

> 2TODEILT, ImsEDYTIL—LEITEETHISRES. NRTIIERL
AT ) 7RHIRNEFEREINT-1-O.

B IS YF S S BIES (PTRS: Phase-Tracking Reference Signal)
HEE

D SJRFOEBRBARVMNVTEIUE#E, BRBAT7EVrDOEENKE
L=8
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URLLCODERFEH (1)

B Definition of requirements of latency and reliability

Reliability can be evaluated by the success probability of
transmitting X bytes within a certain delay, which is the time it takes
to deliver a small data packet from the radio protocol layer 2/3 SDU
ingress point to the radio protocol layer 2/3 SDU egress point of the
radio interface, at a certain channel quality (e.g., coverage-edge).

[X bytesD/\7rybE—FERBILL T OBECTREICHINT HHEE)
EBEDESR: REXMEL D> XEQIESTIEKEOTOrILSV20
H—EXT—21=vrONEBRIBHID, ZERICEWNT/NrYFEIEEIZSR
ETHFETICELEEM. N yrDREICKMLIEGEEICIHIELL EOE
EIZELE-RFEZED.

Requirements of URLLC based on Release 15 specifications
A general URLLC reliability requirement for one transmission of a
packet is 1 - 10 for 32 bytes with a user plane latency of 1ms.

[32 bytesD /4 ybhEEERIZ, ImsU TOEERBEERE, D
99.999 %LLE (105LLF) D\ 2ERITHFERDZERL ]
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URLLCODERFEH (2)

B Requirements of URLLC based on Release 16 specifications

Industry Use cases Latency Reliability Packet data
(Packet loss size
rete)
Factory Robot/motion control, |Up to 2 ms end- |10 to 10 Up to 32
automation communications to-end latency [outage bytes
between industrial probability
controllers
Transport Remote driving, traffic |{Up to 10 ms 10-5 outage Up to 5220
industry management, wireless |end-to-end probability bytes
roadside infrastructure |latency
backhaul
Electrical Grid fault and outage [(Upto 15 ms 105 to 10-6 Up to 250
power management, end-to-end outage bytes
distribution distributed voltage latency probability
control in smart grid
Entertainment [Virtual reality Up to 10 ms 10-3 to 10-° Up to 10,000
industry (VR)/augmented reality |end-to-end outage bytes
(AV), online gaming latency probability




Latency Improvement

B Rel. 15 specifications

@ Frequent transmission opportunities _ s
 Shorter Transmission Time Interval (TTI) length BOTTIR  RRGHEFHRO

* Flexible time and frequency resource configuration of PDCCH #YST

* Flexible multiplexing of PDSCH and PUSCH within a slot yg g sngpsf o) 55 45

@ Two types of PDSCH/PUSCH processing & Smaller processing timing
gaps can be supported by more advanced UE that is suitable for URLLC
service. fUEDE{EZinterruptd B EE(E

@ Interrupted transmission indication for downlink < Defines DL control
information (DCI) format 2_1 for notifying the time/frequency resource where
previous reception might be corrupted by urgent traffic of another UE.

@ UE Configured Grant (CG) scheduling < Periodic UL resource is pre-
configured so that a UE can PUSCH on the resource without UL grant
whenever UL traffic occurs. EEBDGrantD &

B Rel. 16 specifications

@ Increased PDCCH monitoring capability UEDE=5HREDF L
@ Advanced PUSCH repetition scheme 14—\ EBDEEHRE
® Multiple transmissions with HARQ feedback in a slot P#EX
@ Enhanced CG (Configured Grant) for UL

® Intra-UE transmission priorities

® Inter-UE traffic prioritization for UL UER, UEE D& RIEE




Reliability Enhancement

B Rel. 15 specifications {ELVBLERIZ® 3 5CQIT—T L
@ CAQl /MCS table for lower BLER target MCST—JJL

« CQl table: Block error rate (BLER) target of channel state information
(CSI) report for URLLC is such as 0.001 % (10-°) while that for eMBB
is 10 %.

 Modulation and Coding Scheme (MCS) table Repetition|Zk 552

@ Slot aggregation and slot-based repetition {ESNRMD [ L

 Adopted slot aggregation for PDSCH/PUSCH and slot-based
repetition for PUCCH.

B Rel. 16 specifications WHTTIHR—&

(D Multiple transmission and reception points (TRPs)ﬁqL\%’ﬁ%{E
 Adopt simultaneous transmission of PDSCH/PDCCH from multiple
TRPs or simultaneous reception of PUSCH/PUCCH at multiple TRPs.
@ New DCI (Downlink Control Information) format #HRDDCIZ+—< vk
 Defined DCI format 0_2/1_ 2 that accommodates smaller DCI payload
size compared to DCI format 0_1/1_1 of Rel. 15 specification. &
Improvement in achievable reliability by increasing the coding gain.
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3GPPER AT —AD K (1)

B ERBATDPillar
o HEIZICTHRORECHFHEHIEMERLELIE00D, BRA 27—
li%?ﬁmw%A'cEéf—&aﬁmwPuuar(imobm\&%xé
EEEN
- BARED)V—REBYHET
- Z & (Constellation)
- FeRIILFEIE (RRYSTIEFSIE)
- BREIBRBIAR—=RFLIN—F
- RIVFT7UTTHEM
- R (AT F
= Beyond 5GAX TEDPillarE i BN F—ITHE 50D RIBH AW E.
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2G - 5GARIZBITHEBT VA iDPillar

Transmission
power control

w

LTE-A
LTE

e—

HSPA

W-CDMA

PDC

Scheduling

Tx/Rx
diversit

Combination i
ofOLand CL ||
TPC
Fast TPC N
(+ OLI)

Ne—
Fast TPC

N
Slow TPC

NOMA

time domain

time domain

Scheduling in
frequency and

Scheduling in

Dedicated CH

: ] Dedicated CH

Channel coding
(FEC)

y

CL Tx diversity

in UL

OL and CL Tx
diversity (max.
4 antennas)

Alamouti
precoding
(STBC), CL
Tx diversity

2-antenna
receiver
diversity

LDPC
code/Polar
code

Improvement
in interleaver
Increase in
TB size

Turbo
code/MAP
decoder

BCH for
control
channel

Macro diversity

N = A

i CoMP

N— 1

Macro diversity
(SHO) *HSUPA

Macro diversity
(SHO)

ARQ Mod. / Demod.
i + 1024QAM
+ 256QAM
i HARQ AMC (QPSK
at eNB,gNB
— — 1 16QAM,
(shorter TTl) 64QAM)/
~— FDE
~_ {AMC (QPSK
16QAM,
HARQ at 64QAM)/
Node B Cohe. Rake
~— —1(Chip EQ)
e QPSK/
RLC ARQ
at RNC Cohe. Rake
\;jSIOW ARQ — | t/4-shift

— — QDPSK
MIMO/Beamforming

Beamforming, MIMO
SDM (max 12 ants.)

Multiuser-MIMO
MIMO SDM
(max 8 ants.)
Multiuser-MIMO

MIMO SDM
(max 4 ants.)

MIMO SDM
(max 4 ants.)
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TILFTOADX—E T (3GPP)

W-CDMA HSDPA/ LTE LTE- NR
cdma2000 HSUPA Advanced
RERIEE |- BEEEEH |- HEFVYRIL |« BRERY « TILFI—H |- SYR
IRRBAA | S - BERYT Ta—n)ry MIMO - Beamformin
HEOMLE [+ /SfAYFRake | Ca—UL 4y (eNode B) g
2 (Node B) - ZILREXTIL - YILFIL—H
- OVSF o BISER-FF FF7OER MIMO
- 3—REFE £k « EEFSIN— - LDPCH &
. ZEFX (/15— |+ MIMOZE/#% | F(SFBC, [PolarfF&
F(STBC, EFMI1\— precoding) - NOMA
precoding) F
E—0T—4 - ZEZE « [EFE{E(Max |- [EHE(100 |- [EHE(400
L—FDME (16QAM, 20 MHz) MHzLLTF) MHzLLF)
L 64QAM) - MIMOZE - MIMOZE |- MIMOZE
- MIMOZ E (Max 4) (Max 8) (Max 12)
LR — |- /05 A/13— - BRBAY |- wILVEGHEE
HZJI— SF (VIR Ta—yvy 2{E(CoMP)
TybDmEL | FA—/3—) « EEHLAI— |+ YL—
a‘.
{EEIEE « ETTI(2ms) |» %&TTI (1 ms) L&Y Ty
« NATYYF )7 iibE > &
ARQ (Node B|TTI (1/2k
B) ms)




3GPPEHR A3 T7T—ADE# (2)

B FiTREDA2L(3S2T
OFDM: 3G UMTS#AXD AR, BRM DI TAFTIZIOFDMAYMEES
NTW = 3SGARTIEERIMNMSEVIDUVATLABEDERNRLEEL
%*%‘I‘F'@EOT:T:&')CDMAb“ﬁFﬁ

« LDPCH5: LTEDSITLDPCHENIRESNTL . LDPCHRE[F4—R
FELIFFRFELRYEBEEZERTEILEBROLENSE, UEDEEDE
RMSLTETIX2—RFSH IR

« EYYLHIZEITADFT-S-OFDMEOFDM®D /N1 TV wik: NREEHRD LYY
O TIFNEEARAMN) —LBDBEIZIZOFDMIZINA TDFT-S-OFDMAYE
FEINTULAH, LTEDSIZRHRNDIEE

« CoMP: 3G CDMAIZEITBYIrN\VEFA—/\—IE. Rel. SLTET—EH, &
ih RS D% E T ESLEY, LTE-ATHREZZEZ TCoMPAEEA

——l

0 VATLMNDY—ER(FEVIE2A4T) BIE, EABHOLSIEERfTZE
BEL=324 L) = HETRENDE
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3GPPEHR A 37T —ADE# (3)

B ZEBBIT

o EBAR3T7—RIL, waveform, EBT+—vhk, VT FI T EERET
B51=-8, ZEBEMIE, BEILNRN.

« LHL, LTEODFT-S-OFDM®DOSJIJL— LR, SBI{ES(RS)IX, BiRH
R (FDE)DEAZATIRELI=1B L.

. Z{EFINIL, PerformanceilETHELH, HREmBMEzRALNV-BSDOHE
EIZTE->TWEWKSICEZS 2 BEE, BitaXk EHEEH, LWEE
EEDREHREDE R

— =

- ZEBEMOBERATELN. LHL, BEORYEEZR-T-ODMERE
SNROEFBD=-OIZIX, BTNV E
- A3—7RFDE
- MIMO{EE L BED AR (MLD: Maximum Likelihood Detection)
- FDEF, fBRA 37— ADRMHREMELTERAShNITREZLHE (B .
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Beyond SGOYIEL AV DEREE (1)

B ERFYRILETILOESE

- RFEIBOLILER (BHEEROIEREEA. SIHEMET, ADCE)MNTN
ARADEREREEZEICETILHFEIL

« ERFYRIVETIV(EMEETOI7AIL, INADAELNYVE)AHNIIL,
FrE#M 32 L— 3 DERE(BER, BLER)IX, BN RBREREMGY—

> BRABEBRARINL, BEICBITAEHFrRIVETILL, MELAYE
ifF DERAM WA 7.

 NREBRAUATI—ADMEEFMAD100 GHzETOEHF Y RILETIL
MNEE. > EERE, RUFD-MIMOANEEBEUSZ{EMDelevation
EUVazimuth®AELNYEZEZERLI-GHRFryRILETILHNRE.

> ) RERUYITHZE R RBIZEBITALOSEED /NyoFH=—IL) D, 7
HERA) O IZBITA SO SAL—avADERFYRILETILOD
BEIANE.
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Beyond SGOYIEL 1Y DERE (2)

B CILFRBRBARIRL

AGRU5GAHRKIE, 800MHzED TS5FF/\UREEL6GHzZLL T D E K
¥, B U28GHz, 60 GHzFF DI HFESHOBBRBMAERAIHhTIS.
HIJTHzREBOERLEE.

—) =

- FR#BFLCTE#RESLS, BRORS, BITFENRLELIDOT, BSNdHS
WEIEBRIEE, LY 14X, UEQEEY TAZIZIG U-Fl s B R HBAR
JRILDERASBE.

« LYRUTYIVIORH (RRKEEEN, RE/ERIZEE) DEVEUNR

MBA3T7—ATEHRASh TL S Control plane (C-Plane)&User
plane (U-Plane)% 73 B9 5CIUS BEDERANER
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Beyond SGOYIEL 1Y DERE (3)

H Numerology

- BRTHIAEBRFERVTORBRBICEITHT/IN\AIADKERE, E—0T—4
L—b, BiR¥MAEARER, BE(latency)ED VA TLEREHEZEE LT,
AR X MinumerologyZ{Ef 3 ENRE

* NRERAVITI—AD2OREFLEDSCSIEVATLERFHEZERTS
EfEESh=numerology & EHIL—LY-YDAOVRE, AOvkYT=Y
MDOFDM ($ 5L\ EDFT-S-OFDM)> URILEE, 20D R EZFEDETNED
BRbBIETEFELL.

B Backward/Forward Compatibility

+ LTERULTE-Advanced(d, ZE#1fF, UEEHIZ, Backward B U Forward
compatibilityZz BRI TEHBN-BIEM 27— EE

- Beyond 5GAXDUE(IX, NRAKXEDT A7 ILE—FHBWNIEMN)TILE—F
T3 %E

> FABMT, aXMEEZEE L TBackward & U Forward compatibility® %
EMERETIBDE.




Beyond 5SGODMEL 1V DERRE (4)

B RFEHBEHardwareD L ILERDHETE - FH{E
|BBETEXT7UOTTHAENRERE, WLV HERICKELEEES
Z51=8, BHERLT7TFHEUFbeamformingE iR ETHBZ LT

e S)RBERUYITHZE R R CIXRFESBOEBHIEESEDIERTE
H, A—HILFIRFBTELHLIEMHE, In-phase XU QuadratureX 5 D
I/Q imbalanceZFENEENKELLHEETEFINDS. BEB10FEIZEY,
R EME, SHBAMSHEE, 1/Q imbalancefdi{EH fiTHRE.

—)

o BNV DICMATTIOER)VIZEWTHURLLCE, FrE
MDBERAM10SIEEELI TOEREZEDERMNER.

> BERAMOSEELTOEMEREEZERRT5IE, RFEROLILERA
DESITELRIVICHIET R E.
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Beyond SGOYIEL 1 DERE (5)

B FlEHERRUVSRBESDA—/I\~"VFDIEH
FSEVORE, RikFrRIILVRE, BRRE, ERGEICHL-RELZTY
T, RIWFT7IORAPBFRIVZE), BBN\SA—32, TRARK, Fv
RILEFEL, BT FI)OTERROER

. EEEEOLERIL, BFIcEMBICBITARETTHFHROBERIZELY,
FODDIGEIXREBHRD714—F/\vViEdHR, TDDDIF/EIXHRERERHD
sounding{§ %, FyRIIGCEFENERADERASEES (DMRS)DA—/\
~ANYRHIEK.
BERBEBARIMVOBERICHESTF Y RILGE, CEES, BEHA IV,
CSl(CQl, PMI, RIDEREEHTE 2> BEBRTPa1—1)2T, AMCEDF v
FIVEBRZRAVSRITOFFERARRBICEISHTICIE, CSINERELHTE
NHE

> RSRUHIHHIEHRDIEREBLT=8, #BHEE (ML)ICXKIRSEUHEHIEERD

=1 INyFDEBAER

HEFrRILOKRKEEEL
= 20 Gbps — 100 Gbps — 1T bps
d—H1I5EE

HIEHE, BRESOA—/ SAvr "\
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Beyond SGOYIEL 1 DEREE (6)

B /LS 7
22 ([RFL)HEDFIE > BED3GPPOERB T2 RALERMEE
ELNEEZB,
- HEhRHETS/—FDORE, 34325 FHH
« R—RFEIEERYISVTILa—FZRAW5t/ILBEFHOEEIE
BET) 7 TOFHHEEH (CoMP)
HESETFHHEE: AIMLZRAWSEILEITFSOHTE, RURTYYa1—
)27, EETEHHE

EhEMB : v/ 0L EMB Inter-eNode B
(Centralized gontrol) Yo =7 25140 (X2) 1227x—R

Baseband signaling . .. (Autonomous control)

___________ i
over optical fiber P BN / %

RRH

== -
= —
el

U ML 56



xEWH: EEE-KBELE,

1B S

B E—)T—3L—F D THEFYRILIOKS

HSDPA : 10 Mbpskl E
LTE: 100 Mbpskl Et = EHMHFE300 Mbpskl E

LTE-Advanced: 1 Gbpsklt = EHR4EE3 GbpsLlE
5G NR: (10 GbpsLlE = 100 GbpsFEE DL EE

B BEE-KEBE (E—9T7—45L—rBESFADEO—RORL), &
EDFERDT-O DB iBAFEIIHE (Dull pipeTIXELY).

. BFERIEVFYEYDIAXMDIER

o RYRNT—OUTHAHLEEEHSELZLRAN (BIE, T—’;‘!l/—h H4)
HERTH5HRAY—EX@EAROTST744E) DY R—

-) ABDRNDEEET
-y —EXANHE
. (Bt EBEREL {7 (T)
S RTF LD H—ERX, 7FT)r—3ay
BEREH
wILSARYRT—S FROHEETEEIND

(CN, RAN)

H—ERZERBRTHEEE-
KBE1E, EEBEERAN
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Flllﬁ RUBREOHRREIAHTRETOHEZXITICEL, RCS

SDER, B

REMEZEEDARICIE, EELGIAVE,

#ﬁ’é%%{b\tﬂ%ibt
EHEZERR, &R, REMAZTRDOER EROEFAER, &
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