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fl42F © O-RAN Alliance, open RAN, Open Source, Open Interface, OSC

ME

A S5 BT HEO-R AN B fif o= A g 42
HUAE RS BREE » O-RAN Software Community
(OSC) FRlEk kgt #F LUK f & BRI - T2
81t (softwarization of everything) ] &
TERAEMRS ~ HR - @ EHEBC S BEX
FIURES » R MRS B4R EE (software-
defined radio) HYBREMZA & EAETTEYEN
Mg - B Tikfig k. (softwarization) J »
M #Et (virtualization) J DL #EEE
LiREPFf# (disaggregation of networking
functionalities ) < [ §a #fF B £ fily 1Y ik 2
EFITENMEE (software-defined cellular
networks ) » ELARIFy P SCHE B5G/6G AR

1T HRE A P R A LA RS [ 1] « DAIAERY4GHE
BRI & (blackbox ) fERET » %
R BT AR SR S B L E R B2
15 7 2 s E D AT S B il SR 122 e Bt
(Open Radio Access Network, Open RAN)
AR ZE BB B o 5 Hh B 0 £ P =85 1 T e
ANFEEAE L FERG HRE RS ~ RS YA g 8 5 B
B i S2 B » O-RANIEE A R 7 g 1
ik ra b 3 T B N B AT E IR DA
ARAYEERE - E5ER Open RANIYITEEFEMHL T —
KBIJ7 « O-RANEK it #¥ (O-RAN Software
Community, O-RAN SC) * & FHFI#0-RAN
LIRESE F2 P 75 ZE BRIk Rt A - HAEBRFR
A B A R I B IS A 2 (G BA TR
RS Bl SR~ HIEAFIRE S ) ~ R HE 6
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- THEEREABRBEHETE - K
HE 15 B O - R ANk HR FY B TR0 S A R 0 o R

—E -

— - R ERIEEMEE (0-RAN)

(=) B=Z

PEF e LA ER > RELE
(Quality of Service, QoS) FfEhsE &
(Quality of Experience, QoE) EZEEHHIY
RS EHAT - e S EHp LAY RN
P8 PR N REF RIFAIQoSEA K
QoE - U (Radio Access Network,
RAN) TEREZMERIRIRTTZE » TTHEZHER
MMETERE R - HATRANTAIE M8 X ZERTE -
1. ¥REBLERS » B 15 S s R A& 2 1A
RANGR IV AR - EEHIENT - #e&

U B HL S 0 A1 A BRAEEE B A PREE 5 2.
B E R A i A IR - 2R ANTTAFAYEE
ErEALEPER] 5 3. RANRYEREEIMEAIR - i
DA DR SZ SR A R 8 e A Rl AU E -

1. Open RAN v.s. 3GPP
O-RANJEO-RANKE; B # L Open
RANJRZA » 4@ 1 ~ E2f77R » O-RANZIL
E3GPPRYEREZ | - HE B TIRERIBR TR ~
HEVEERIA T o ANEAM o - ST
RANZERE 515 ] RE & 77 2K — L Bl A Jin (1t
Z RN AR A E A BRI A7 bR » [R5
T 6 B S AR AT, - Bl 12 0-RANZE
R E 2L - AR L O-RANH IR
EL3GPP » w] LIFEE Fr R & BB R 3GPPHYAE
HE[21F10-RANZERE | &g s 70 L T B9 2 B2 EL
g (LLS) 7-2X = 5 A#THEISRL © RANEHE
PEHI28 (RAN Intelligent Controller, RIC)

3GPP O-RAN

Functions

* Management and Orchestration
» CU-CP/CU-UP

* DU

Interfaces
e« E1
* F1-C/F1-U

Additional Functions

« SMO

* Non-Real-Time RIC
* Near-Real-Time RIC

Additional Interfaces
« Al

*« E2

01

02

Open Fronthaul

1 3GPP, O-RAN = ZE/EHLLE [ 3]
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P

3GPP based .
Architecture O-RAN Architecture
Management Service Management and Orchestration
and -
Orchestration Non-RT RIC
A1
cv Near-RT RIC 01
| E2
cucp Y cu.up E2
o-cu-cp IEY o-cu-up
\ / N /
AN ya
F1-c\/ F1-U F1-C~_/ F1-U
DU 0-DU —
Fronthaul|(Flexible Split) Open Fronthaul|(Split 7-2x)
RU O-RU —

2 3GPP, O-RAN Z2#ELEE[E [3]

IR & HEAIMwEE (Service Management &
Orchestrator, SMO) ~ 5| AH{# (FrontHaul)
o3 ~ GIAF/TH -

5341 » 3GPPRIO-RANHED = 2 i Bel g 19
LG BT R o EF H BRI E R R ey
BH A -

2. DiRESr B (Functional Split)

Ihe4sr 8t (Functional Split) B fFEMA]
& (Fronthaul) HER&AYSTEE » B3R\
UIREST B #YE (Functional Split Options) ©
i/ i# B option 8FUFR LUK KR 0 it Hi 2 A

A REEE - HERMDhREMP OB EEEE - BlJs
AC-RANMECE M - n] LI —{EDU ~ CU
HKEHZAHRadio Unit (RU) ° [thoptionkE
SR L SRR B 1B B - BB A
fr ~ BSRUIL R -2 DhRE - AR T
RUMBEHEE - BN EEHARRIMEERS -
SR G J7 3 A BT A T R AL TR (Bit
Rate) KZEFE (Latency) HIE Kk * 7
IR By R R AL B FH 5% 1% 75 SRR SR BE - |
FEMEERIUAI AN (Cyclical Redundancy
Check) ~ IBAXEBEEXFHRK (Hybrid
Automatic-Repeat-reQuest, HARQ ) ---ZFZERE
P AR ] R AL TG ER A —E R EEK -
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split 7.2X RU

RF il HIGH- I LOW- HIGH- LOW-
PHY MAC MAC RLC

|
jData ;

LAYER 1 FUNCTIONS |

LAYER 3 FUNCTIONS

3 /\#EIHAE4 EHEIE (Functional Split Options) [4]

M/ FiZoption 1Eloption SHIFES:
FHEZ - 1 255 3 15 BT A T 6E #0 R AE 1 {200 B
M BEAS R S T (L TC 3 3R R A 225K A
B Roption 81K EFFZ » {H i 3 8 ] fij
e ARG A~ BN TR RE SRR - K
Foption SEEHIHHLMLIRE ZAERU ~ E#LF
- - SE AL o

A | st 22 45l i 13- T A0 > 7R [ 3 e
option AT T& & » B HARTE N AYALITH
HAEE Y ER MK - (HAIKZE T s
SRR B (R R - FE S R R B AE It o R A
MR SRR -

O-RANZEE /\FfHoptionsH:#EEoption
7.2xLHREST B - option 7EFO-DUEEO-RUZ

@ JUN 2022 T#2 - 95 % 02 Hf

1578 - Moption 7.2xHIE B/ AU
J& (PHY Layer) & PRS{d 7 BEG /50 R
AT SEE R (FFT/iFFT) B2 5 B A7 3 e
(Resource Element Mapping ) LHHE ks 55>
B - ANE4FTR © O-RANH A ZAC R UK
JEE B T i 1 T o A7 7 5 4 B A 5 5K 4 M
e A R A = -

3. R
QNG S R BARE i B AR 50 Ry U

Bt R AT -

(1) Distributed RAN (D-RAN) : D-RAN 2
— T A Y B8 05 =X 5 i B A AR AR
(Remote Radio Unit, RRU) ~ Kt 48 1% 1
(Baseband Unit, BBU) # & A [A]— 1
FLubA - KA B vk 2o B A D RE



DL (e.g. PDSCH)

Encoding

Modulation
Layer mapping
Precoding

Resource element
mapping

Precoding*?

Digital BF
IFFT
Analog conversion

Analog BF

UL (e.g. PUSCH)

|

Descrambling
Demodulation

Equalization
IDFT
Channel estimation

Resource element
demapping

Digital BF
F
Digital conversion

Analog BF

*1: Broken lines indicate optional functions
*2: No precoding in O-DU if performed in O-RU

RRC/SDAP

PDCP

Split Option 7-2x

(transmits/receives IQ
sampling sequences

of OFDM signal in
frequency domain)

4 Functional Split Option 7.2x [5]

D-RAN
AR

—

O-RAN

£ - EHRIE - AR

5 RANEEE

A 37 i backhaul 383 £z [BI 2L #E i (Core
Network, CN ) 35 FH 35S M AE E T 2
Bt~ NS RIHAT S -

(2) Cloud or Centralized RAN (C-RAN) : C

AR TP 3E TE) EWEE
AIEH AEAL - B IE Y B A AE A 2B R
Witz SMERIRE RAN Bl 186 KA &
Al - FifE C-RAN #B2#E—K BBU £+
T Bt (Pool) - & BBU H A HC
HY RRUs » F1fEfE A FrontHaul /7 HE#EEE -
A K — 1 BBU # £ £ % il RRU »
C-RAN AT RBESTHE 5G MERRERY
Beflir B R0y i BVE T2 — o &G
15 RIS HE S A (5 AT 2 7E C-RAN HHfi7
A AR -

(3) Virtualized RAN (VvRAN) : vRAN &

C-RAN Y # % fj 5E & #E /& (Network
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Functions Virtualization, NFV ) =&

C-RAN 2 R S L H IEE A - vRAN
i EHER% (Virtaul machines) B{EA RS
(Containers) # BBU & & £ frl ik 23+ -
VRAN fo #F B §F % RRU 3t = i 45 76 A1
BBU & © vVRAN Y2 ik A F 5 i e HEZE
(OMF) FIBf fie k& s ld (OSM) #E &
SO BAEE H - VRAN B2 C-RAN JEH HH
L NEIRYZ C-RAN B HE HBERS - M
VRAN S8 ] DU 2 S oy s F B
& (commercial off-the-shelf, COTS ) fd]
ARZs F o
(4) Open RAN (O-RAN) : O-RANI A
HAHEE 2 TR (FrontHaul) » H{&
(MidHaul) - #&f# (BackHaul) » f{F
AT LR G FIULEC A IR SR - 366
ANRI Y T3 T S TR LR -

(=) O-RAN EE8

HXAMHMO-RANKMIEEZE S
(O-RAN Technical Steering Committee,
O-RAN TSC) * TSCAFPE MR HEA B
O-RANE i E-EAIFEHE - FETSCH » 10
il TYERE (Work Groups, WGs) ~ 4fEfEEE
# (Focus Groups, FGs) » —{ff&/NaJ1TET
#Z 8 (Minimim Viable Plan Committee,
MVP-C) ~ FI—fEF it # (Open Source
Community, OSC) ° R T OSCE& 1L 5 &l & 1
SLATHREA - HER AR TAERERA 4R — —

Il o
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1. Work Groups ( L{ERE)

ke 6 Fror - SR T EE R 2 A R
EHBISRAN ARG EHAMEHE (Service
Management and Orchestration, SMO ) ~ £
B AU B8 B Sk e 28 (RAN Intelligent
Controller, RIC) ~ O-RANHUREEIE (Central
Unit, O-CU) ~ #EEiEHL &5 (NFVI
Platform) > O-RANZ3EXEIC (Distributed
Unit, O-DU) ~ O-RANG#HEIL (Radio Unit,
O-RU) FNAM - TAEEFZER[6] ~ [710
SYECW G LBE IS bR Bl B S 20 8] - &
FHO-RANHMEGAT B EZLRERIBE i (Use
Cases) N8k » WArECAEHHE (task group)
DIHEBIHT RS 52 % 5 WG2IERIEE RANB &
HIEL AT/ IE[9] © Non-RT RICHY HIZEE#
FERIRF B RE A B & U~ B L lig -
BALRANFRYTENE » if fyNear-RT RICHEfIE
AMLAERS 5 WG3HIEFRICELE2/ M E[10] -
TEFIA A BIFRF R AN REFEHI 2R AU5EHE - F5HH
E2A1H _EASHERIEY (fine-grained ) BUIBIEE
FOERAE - EHEBTER ANTCRAIE IR AT RIH 3
HIFIEAE 5 WG4BAKHTE (FrontHaul) ME
[11] : $2HEFAMA AT - FEA A L e RS
HYDU-RRUA#AEME ] LUEEL + WGSBHAEF1/
W1/E1/X2/XnfTE[12] ~ [13] > [14] : J%F1/
W 1/E1/X2/Xn 7T HE 2 {1 pi i B S 1 A
fii (JERF& 3GPPHLH) - I HAEFLLF T
% 3GPPHIE ; WGoE LE G IE[15] ¢
HE B R AN S B IS g B B S-S 1 40 i A
EERMAI2EEE - Er RS 5 RES
MRRANFTE#S (BFECUMIDU) + WGT



P

WG1: Use Cases and Overall Architecture WGS9: Open X-Haul Transport
WG2: RIC (Non-RT) and A1 Interface Focus on all identifying use cases and requirements, and Focus on port domain - isting of P!
Specify Al enabled RIC (non-RT) { for ing overall architecture of O-RAN and Proof-of-Concepts equipment, phys:cal media and control/mgmt.
the operational supervision, intelligent RRM; protocols with the transport network
specify A1 interface = T the Ethernet i (for
s s O oNedT | Cmiorson | Desn ~ ! | frONthaul, mid-haul, and backhaul)
T
i |
101 o |
WGS3: RIC (Near-RT) and E2 Interface oo L -------------------- . I gvsm OAMla"‘ZO‘1 I";‘g';;ce o
Specify RIC (near-RT) architecture that enables 1 N S acs Com O v A r::us 2icea '"3 s = af' TI an CI ) e;: u:: ar(\) i
control and optimization of RAN elements and | spec?f"‘ca“::s“ fityifogthe
resources via E2 interface L rdmcirg] Yo I o
m-m-m- P
I
i ; 1 | WGS: Open F1, W1, E1, X2, Xn Interfaces
! | biw RIC Near y | | | Focus on design of Open CU, RAN virtualization
WGS: Stack Reference Design ' R 1 | | and splits with related interfaces that intersect with
Focus is to develop the software architecture, design, Yy tiice PR 1 1 | 3GPP specifications
and release plan for the O-RAN Central Unit (O-CU) and T e Sell (] v
O-RAN Distributed Unit (O-DU) based on O-RAN and : i
3GPP specifications (0 . E i | WGe: Cloudification and Orchestration
: - - B A o Focus on specifying virtualization layer and HW,
' ! Y ! decoupling VNF and NFVI and MANO Enhancement
|
i
i
WG4: Open FH Interface e ' WG7: White-Box Hardware
Specify open front-haul interface (NGFH) between DU o - ey @ Open Front Hal M P ' Specify and release a complete reference
and AAY, based on C-RAN and xRAN's work (IEEE : design to foster a decoupled software and
1914, eCPRI, CPRI) hardware platform

6 O-RAN K82 T{E&%5> TE [6]

H R e 225 3T 280 [ 16] © HARZ £ Al
B — TN BERE - DEE R
#4 (decoupled) HYRKEERIBERE 5 5 WGS
fhEZFHaat[17] « HEZ AN NR #E
HJO-RANFMI3ZGPPHIH » FyO-RANH R ELIT
(0-CU) MO-RANZHix{ ¥t (O-DU)
B ZE IR 2N ~ BT RIZEARET & 5 WGIBHIK
X-Haulf#Hi@[18] : Eﬁﬂiﬁé%ﬁﬁiﬁﬁ ’ ’@%Ef@
e 0 5 A R ) L e B > B B
A& B RS » WG 1038 & It E (Operations
and Maintenance, OAM ) HEHAIATH[19] : &
HOAMTE K ~ OAMZERIONITiH - FiEiE
SR BN E T TR 1 —&6 5 - (HBfEE
TEHBRAI BB E WG10 ©

2. Focus Groups (fEEGEE)
ang 2 A VY E LB RE(7]) 0 AER
Y TAERERY 35 2 P 75 i B Al RH A% AH B

HYTRE o 3Bl R AR NE B R AERLEE (Standard
Development Focus Group, SDFG) : Z[[&
7 » SDFGTF Mk T3 O-R AN S R e
LB 5 - I B2 B H A O-RAN TAEHH
B HER 28 #H 4% (Standards Development
Organizations, SDO) HYF S 1A 5 HIFLEL%E
GBI (Test & Integration Focus Group,
TIFG) [20] : TIFGEF T O-RANAYHIGAFIEE
GHYTTE - RS AW G g AR - E
AR AR E] b (end-to-end ) JHIEKEL
BOHE - [REO-RANAE ML ~ HE/LHIRE
FUFCE S 5 e — R E SR TTE - K
HEATRE S AR IR 5 Z B RS I AR A © TIFG
EIR [ A AR O-RANK P lugfests » Fyif
35 PR B L (OTIC) fHilEF5E
#E]I] - 20205210 » O-RANKEEA R T
B R AEERPlugfest MM 2 BREE - DURRAR
A O-RANHEIS 3 I THRER 2 (1L e R 1 7.
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O-RAN

A L LI A NUCE

Liaison Statements

=3

TIP Etc.

7 Standard Development Focus Group (SDFG) [6]

Top-Down Process

Bottom-Up Process

MVP-C analyzes WG1's use case
backlog from UCTG, operator
surveys, and cross WG proposals,

creates Work Item (WI) concepts proposals

MVP-C fleshes out concepts with impacted
WGs/FGs into prelim. WI proposals* as part of
a full Work Plan; WGs create the actual WI

MVP-C maintains &
updates the overall
Work Plan based on the /
evolvingWis  ,/
L

WG/FG creates & approves Wi on
its own*, notifies MVP-C for
possible inclusion into a Work Plan

t WGs/FGs )

]

Source: O-RAN Alliance Presentation

7

WGs approve of not their Wis via
consensus or vote

MVP-C approves overall Work Plan
via consensus or vote

-
MVP-C monitors & updates Work
Plan at least every spec train

P

release
o S ’
Not Approved o Approved
- N - N
__ 1 MvP-Ctoconsider altered Work [ NOtAPProved | 1s¢ gecides on Work Plan via Approved O-RAN board decides on Work
Plan consensus or vote Plan via consensus or vote

* See Work Item process in O-RAN TSC. WORKPROC-v1.00 chapter 4.4

{

Work Plan published by O-RAN

8 MVP-C fB##E(EE [6]

BRI - ESSKAFFER I ~ BRNATIESE
FY PO st B 5 - HEFEIERO-RANERE
RARAITIRE ~ L ERTEMEAITEREPRER & BH AR
BEEE (Open Source Focus Group, OSFG) :
BEEEEEO-RANBH R RV R & ~ &
fRFIEENL - BRIEAHRA SRS - LUK B FL At BE 5
BRI ESE - OSFG i ARITH sk 2
IR O-RANKEEILAF (O-RAN Software
Community ) * - FHIFHRIGEBEI A Z/E0SC
HETT - KIBLOSFGEE A IRHRIRRE 5 & HI

B ZHEEEEE (Security Focus Group, SFG)
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[21] : SFGEIEMRBHMRANA BRIV Z 2
JTH ¢ (P EA W G I 22 A B SR A
JI%E - IR T BT b e DARE CRAHRI W G2
IR — BRI ET - M R (LAY &
AU FEELBTR - ZEEAIER LIS 8R
HAMORANE ZHIBIRN HWGs -

3./ NAfTEHEIZEEE (MVP-C)

TSCHY & — &5 Fo /N AT ATET Bl A
& (MVP-C) 4l[ES - O-RAN#HILIO-RAN
FARZERE fr 13 {8l TR B R ifn BAY



#He@) - LT - /NATTERE] (MVP) $2
LS EE B - BeE A~ TIFG B
EFIOSCHIMERE » 5 TIERH B SLik T1E%1
KW EETNHES - MVP-CTEO-RAN
TSCHEH T —ME8EE « HRRI R
SEEERER © FEES » MVPREO-RANIBEEARES
A TAE - RFFRHA EENEH
B - FEHMES - MVPRAERERMEZHE 7RI
O-RA N7 5 e FIE ST AR OB ES - 36 K Ao
7 O-RANA:RERH 2 B H B LR BN e
PR /NPT T3 B i O-RANFRIR TS

(=) O-RAN %1%

aNNE 9 AT /RO-RANEE I Open RANZE
MR 7 3 AR A R ¢ AR A B R AR

I [nmus

(SMO) » Near-RT RIC » O-RAN Central
Unit (O-CU) » O-RAN Distributed Unit (O-
DU) » O-RAN Radio Unit (O-RU) * O-RAN
eNB (0-eNB) #F10-RAN Cloud (O-Cloud) °
Ry 7 il 55 2 A 3 BEAE O -R AN ZE 4w 40 {A]
MAE#EE - RMEZEEEEWGIHEHRY
O-RANZH5RHi - 2% ] LI [E 9 7 £ 4
B T —RARANEAEE i - 5 fH 200
EEAERF R - EE AR A XRANAYE
fiE o BUUEE R RANIRE B9 3 2588
PEFTH I - O-RANHYZEHE R 2 — AR ALy
S5 2 SN —(E R B 25 R - fEH
ftl 5 B ERY HAMZERE BEH] - BIAN3GPPATH At
BALR ANFHERA RS o &1 9 vl LU H Hef
Z HTHE B B ZRAE Y S Al 32 B0 0 o P RE
Rt R e MR -

Non-Real Time RIC

0z

Service Management and Orchestration Framework

Legend

= 3GPP interfaces
——— O-RAN interfaces
= == For future study

Open FH M-Plane

9 O-RAN %R#ZE#EE [8]
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1. SMO B Cloud &3 ~ #REEAI T/EpRAEE
FO-RANZEHFSMOBERANMWE SMO JEEEL O-RAN JC A0 P9 1 B8 $8 17 1 8l
M D HHFLEMED - FIAIRANE 178 BE 7S -

B OB EEER - nE Y g B SMOHHYFERT RICHIHRRANEALHY
ST o ARZEHRE ST TR Y S M O Hf it {8 2 7 52 Near-RT RICZ FEIHYA LS TH] °
% RANIYSMORKH - SMOFEFCAPS (Fault, B SMOMIO-RANHMEE LIGE L IO 14T
Configuration, Accounting, Performance, [ » FIRSCEEFCAPS
Security ) » Non-RT RICHIO-Cloud&H - #& B FRAEAIN - SMOFIO-RUZ EHIEH
HER AR AR E B 2 fERANSZEE < SMO AT EM-plane /T TH A FCAPSZ
HEZEE BT T+ B140Non-RT RIC - 1% -
Al ~ O1F102 - Z[ERIBARANE 10 « 18 B SMO FIO-CloudZ [HIH9027 H » F2HE
O-RANHEHE RANSZIZEIISMORY RS AE EEE R LIE g -
Z:
B RANHEEEIIHERY FCAPSA1H (1) SMO 7% FCAPS %] O-RAN #Hg& ThHE
B FHRRANE(LAYNon-RT RIC SMOZEO 1/ [Hl £ O-R AN % £
SMO Framework - -ee-ccccmcmcccccceaaaao.,
. Non-RT RICE
i rApps J E
I - 1
I :

._'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_F'_'__ ;
y 3

?
loz 101 lOpen FH M-Plane lAl

10 SMO Ei Non-RT RIC 1E%2H [8]
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FCAPS3Z{E = OlJTHIEFHAE[22]H » 0147
I B2 R ANJT {48 BE 19 3 G P P i 5 vl REARFF
—E o An[23 ] ATk - SMOIEAE 2t 578
O-RANREEK IIREMIFCAPIIRE J7TH - O 18
HERAYLL FFCAPSREEES O1/ T THRILIHE
il - EERERYIRFZRE[22]
® Performance Management (PM) : %%
REEE
® Configuration Management (CM ) :
e OB B
® Fault Management (FM) @ fifE/E
® File Management : £ ZZE 1
® Communications Surveillance (Heart-
beat ) : HFHELHE
® Trace Management : 3B HEE B
® Physical Network Function (PNF)
Discovery : B e IIRERR R
® PNF Software Management : E &
B TIREECRR E B [24] P ERMLLT
FCAPSItE 2 BRI EM-Plane st
[HI S AZ I D REHIH -
® “Start-up” installation : FENFS ] 4E
® SW management : $RESE I
® Configuration management : 3% EHCE
(EgE
® Performance management : XXHEE B
® Fault Management : i fRE%E 2
® File Management : f&ZE

(2) Non-RT RIC
JERNRFR AN REHERIZS (Non-RT RIC)

P

FEO-RANZEREHSMOMINERIIEE » vl Ry BIIEE
RIC (Near-RT RIC) f&fftA147THI © Non-RT
RICHY EZ/E I ¥ N ear-RT RICTIRESE
HEEEETRNE ~ ML (#E8582E ) BAVEEINIE
BB EE RAN » DIERANT] DUE K26
BT 181L - HIZIRRM[20] » E3& 0] LIFEFE
BIsRRE (RIRR1FD) BT REMAN &
JEEBHINAE « Non-RT RICH] LU F B8 /047
FIAT/M LR /A FE 2R E & w] A FH SM Ok
BHIRANEALIRIE - BIA00-RANEGRGHY iR
SRR FE AR 75 LA S2 O 1 /1024 T » Non-RT
RICHI il - DIRERH L -
® Non-RT RICHEZE- SMOREZER ALY
BE 0 E TR R AT I I s
RIS FIrApps ABHFT AR -
® Non-RT RICFEMHEFF (rApps) -FIIH
Non-RT RICHEZRZABHNIDIREAR LT
RANE LA H AT RERYBLAE L A2
o SEER ST TH Fr App 2 B Y IR 75
fHrAppREFTEHAL ~ O1 ~ O2F10pen
FH M-PlaneH R k5 #E HUE S0 il 2%
EUE (A : 3RNE ~ HHTEE) -
® Non-RT RICHEZLE T MrApp ABAFTH
WTRHITIRE » MEER 22K H Non-RT RIC
HEZEEE SMO HEZE - THH(E HAE 2R

[25]°

(3) O-Cloud EH ~ HrHEM TAETiAEE
SMOEHEHO-CloudEE ST » il By F

B FIEE F 7T 4 B i HE R A 0 B R 52

1% - SMOFIF02810-Cloudy /i 22
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SETIRE o 024V 1HI =2 $% 25 R R 3 e iy & BE A 43
BUAERANIEZFIER - 02/ HEIEHWG6
1E O2/ T FI P S B FR E[15] -

2. Near-RT RIC

Near-RT RIC/E T LIHE » ‘E it
WHATHE[27] B EERKEETTIRAE - ¥IRAN
TCAFRIE Y5 T 3T T BIERF Ry eI R B AL (10
ms~1s) ° &5 * Near-RT RIC/HE2 N
HAES H Non-RT RICHYIRE » ARIEFE EIIIR
S RANZ S o Byt > Near RT RICEH
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FEZE » E29THIE — ¥ ZH)EEE[28] - /EE2
i SE B C PR ak o E2ZhAB AR 2 K851
# : Near-RT RICHR#HINear-RT RICSZ$%Lh
HE ° Near-RT RICHR#S H&#er ~ fA ~ #]
FIRME[27] ©

53— 5T » Near-RT RICSZIZLIRER
5 B2 HIAT Near-RT RICHRHS 87 - 1 [
11 BAM AT LIEEINear-RT RICH 2 /E
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_____________________________________
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Mitigation ‘ Mgmt. Services Seuily
Shared Data Layer
E2 Termination
Database
~E2
( E2 Nodes )
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O-RANZERETh » O-CUN A DL —H 40 By
0O-CU-CP (control plane) F1O-CU-UP (user
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N
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lH u Fl-c l
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#i 0 FRHE I HEIFEH20-CU-CPRIO-CU-UP »
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K NG/ H#FO-CUSEEE | SGH%ME (core
network) ° X2/ 1HIFF O-CUEIZEIEN-DC
BB HMeNBEen-gNB * & * Xn/t
HKFO-CUH R E| HfigNBEing-eNB X2
FIXnA T HIER FH3GPP R N T A B /E Pk i
B R -

4. 0-DU
RLC » MACHIEPHY JE L 1EO DU REE

FIBG[27] ~ 291 - BB Br /B G ~ HERR -
% L/fR% THIHMET R HEERE O-DU Hr -
— G © O-DUFE/KRN-J71A] 53 Ry Al o -
0-DU Highf10-DU Low ° O-DU HighJiz !
5288 (L2) ThEedl » BIRLCHIMACKE - 1fi
O-DU Low#E Z 55 1)@ hRe¥E BiHigh PHY - fil
FISCF#EERIFAPIEEHE /1A » {38 A AE BB 43
Al LI A @R » ElO-DUMHRI M HA A i A
E2/71H ~ FISvTHE ~ O/ E 1B T E A T
(O-FHI) » O-DURYZEFEFIEL H At T A A9 47
IAERRIER

T -~
+
| SDAP I | RRC |
| PDCP |
o-cu *
F1
1
v
l RLC |
l : |
MAC
f
FAPI
+
[ High-PHY |
0O-DU T
OFI"I-U G'H—C
< ,
l Low-PHY I
0-RU
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13 0O-CU, O-DU #1 O-RU ( Control #1 User Plane ) [29]
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O-RUFHELow-PHY & FIRFEEH ThAE[
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7R e FHEO-RUR LI VE S B R o AEE
T A S /B 5 14 B 2 T XOR A B 1] / R XK i
BELA] o TX R A P A1) /R X R A B 51 434 5 25y A
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R PP R ARAHRR » —(ERY T RS 1
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1993 « IEANFAFIFr2 28y » O-FHIFIO LS TIH
53 B O-RUE B E]O-DUFISMO » O-RUZ
R R TIEE (beamforming ) [30] ° 3K
T B AR ET B 25 118 KA SRR A5 Bk B P E
B R[31] -

FHRRU L ZUE AL EEHY - O-RANKH R

H AT S ER f i g AR e s e i Tt -
L P 7 LA O- R AN BRH2 £ 1y 5 s ol 28
TEMFMAIRU - DLBE Al A] DIgs R0-RU »

6. O-eNB

O-eNB#E 78 Fy AR E2 /T e NBHing-
eNB[27] * i S & * 0-eNBFE —{HEKHiEs
tREEf T O-DURIO-RULNAE » FIRF{ASRERFE
EffZE0-FHI - 0-eNBE¥EHE2 ~ NG
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7. O-Cloud

O-Cloudz —fHEFHE YA » HARE
O-RANINEE[27] ° O-CloudA] LLHIO-RANZE
i 1Y B B A 1 Y B R e T B AE R
$l4Near-RT RIC » O-CUE{O-DU ° kT IEH

O-RU
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Array element
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X-polarized
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Bl fE ik BF (O-RAN Software
Community * fEfEOSC) [32]E10-RANEE K&
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it FFAR B O-RANKEREA T/EEE (Work Groups)
FITE Fe RIS B AR H AR 28 - 7 H— (AR
HE MR 52 - DUE BB H A A B T RERy
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B EEZEGHRE LR - FEATH
TR RS AR B B e - AR e S
R T/ MEE S S - TR K KRG A=
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Near-Real-time RIC X-Apps (RICAPP) -
Near-Real-time RAN Intelligent Controller
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WG I O-RAN Architecture | OSC Projects

| I

WG1: Use Cases and Overall

Orchestration & Automation (e.g. ONAP): MANO, NMS

l N

Service Orchestration and Management Framework

WG2: Non-real-time RIC and Al interface |——

Design | [ inventory | | policy | [ Configuration | | RN Intelligent Oummu'er (RIC)non-RT | l OAM SMO NONRTRIC
I

3
2 4

INF

WG3: Near-real-time RIC and E2 interface [ RAN Intelligent Controller (RIC) near-RT i Near-RT RIC
Application L Lzyer
WG4: Open Fronthaul Interfaces ; worertyson | | comection Moty 1 05 l J" tecference | | Taned ||| L ) RICARR SICELT

WGS: Open F1/W1/E1/X2/Xn Interface [ L Radio-Network Information Base __J INF
1 $e2: between RIC near-RT and CU/ DU
) —— . |l H H =L
WG6: Cloudification and Orchestration L Multi-RAT e cu up i (‘;’Z‘:} z|8 ;
CU Protocol Stack RRC sm ] [_oc ]
WG7: White-box Hardware {_pocec | PDCP-U H INF
'WGS: Stack Reference Design NFVI Platform: Virtualization layer and COTS platform | F 00U
| [ oDbuHigh | [ O-DuLlow |
WG9: Open X-haul Transport 0-DU: RLC / MAC / PHY-high — N
— — Popenfrontha i} _
WG10: 0AM [ " O-RU: PHY-low / RF I—- T
| Test and Integration | Security Focus |
INF
Focus Group Group L

Tandards
Development Focus [[ OP" sg:;‘oe o)
Group o

15 O-RAN Z2#%E OSC StERVEIERIR

ELRR2.0 GHz - %atEHYBHE 1253 i
fl#&6 53 - — &8 FsSG NRYJEL g DIRE B ELAY
Llapp @ Fs _#EHIREZE (Binary File) ; 55—
BB Ry L1EHIMES TR TaT » PR B B A
Uige » $8H =1 : BEO-RUEERIFITE |
(Front Haul Interface * f&§f§FHI) ~ E1O0-DU
High:#H Y DIREME IS5 /i (FAPI) ~ Bd
IR ZHE AT - B 2L/ HERIEO-RAN
it B A REL P 28 R A AR A BR 28 - 20 i
WG4 > WG8 » WG6 »

2. DU high

O-DU Highit & HRadisys & » BH¥
JRL2DIRERY B » EEEBIW G HH T2 £
M1 E 8 (Protocol Stack) » H SR
YR (High-PHY Layer) a8 Rz g
(Medium Access Control Layer ) ~ SR EE §i

E¥EHIE (Radio Link Control Layer) ° fA
O-DU High {775 MY E ¥ 51 R E 2/ /1
53 AR BLO-DU Low:E# 2 HY T RENE I SE- 5/ TH
(FAPI) ~ BlO-CUM#HIF 14T 1A ~ BilNear-
RT RICEHFZME2/ H ~ BELSMOEBEO 17
[l o BN HEERBEWG3 ~ WGSRWGSHIH
HHEITHIEE - O-DU HighMikBEpEZs F oo
J86/ B S THEGH S+ anbE 1 6FR -

3. Near-RT RIC

PR 7 ERFH3GPPRYMIHE Sb - O-RANIH
S EO-RANE R T H R E T
AR AN REHEHIZS (RAN Intelligent
Controller » ffERIC) » RICAO-RANH
SYE RS E RS (Software-Defined
Networking ) #EHIZRAYA T - WK A Lk
Fik » RICN#e 57 Fo Wit R AY - —f Ry IR
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O1
SCTP

Manager

DU
Manager

Config
Handler

UE
Manager

O-DU Utility and Common Functions

5G NR RLC UL 5G NR RLC DL

5g NR MAC

5g NR SCH

Lower MAC

16 O-DU High $7B22424% [34]

RANZREHEHIZS (Near-RT RIC) » 55—
R IERIRFRANZBEFEHIZF (Non-RT RIC) -
Near-RT RICK—#ikfE 5 » REFEE L#
TTUMHx AppHI HE AR - xAppREFTHEHIRAN
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#fENear-RT RICH T R ARG 25 » 237l s
#¥Near-RT RICF-HSAYRICPLT 2B ZEx Appf
RICAPP « RICPLTE EIRIEW G3HY L HIHETT
FAZE » L 3§ ¥ Near-RT RICE S S H AT
B - G EE ESMOMO I/ TE ~ HEEE
Non-RT RICHJA1/TH ~ #EZE0-DUELO-CU
FYE2/ I ° RICAPPEI B FEEFHES ~ #l
xAppE AR HE R - B#ESRRICPLTEE
RICAPPHAR 53 FoWiflE 1 & + (HEHEAYNear-
RT RICE & B S [E T -
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4. Non-RT RIC
FEENRFRANZREFEMIZS (Non-RT RIC)
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5. OAM
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FENT N FHEERI #SEZE (Common Controller
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6. SMO

SMOF 25 1 2 Fe A [ Y B Y 0 2 5t
2K Bl SE R DIREMEBHIRS MO » H 4%
O1/7T[H ~ O1/VES/TH ~ O247 1 ~ A1STH K&
RI/MH - Bt EHIFARY KEIWG] ~ WG2
WGSHIWG6FTE ZHIFH - SMO ~ OAM »
Non-RT RICHZ & SIMETEHfefkrysistzs - &
B TRSACHDRRA HHH2 B RS ( Closed-
Loop) f#HZEH -

7. INF (Infrastructure )

AW G6HE #E T K O-RANKIHE B8 Dy HE
(Network Function) ¥[%J& % 52 b b A fig ok
Ji%E - BRANGLE £ E It Z0-RANZE
PRy —JE AR - MINFEHE SR EBH
W G6 T IE FEHY % 5 5 i B AR I - RESY
BFO-RANH R TC AR E TR i | - R
ERAF I ETEEHO-Cloud 02/ H &
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8. INT (Integration and Testing )

INTEE A ERHFOSCHIYFTH b JH k38
TS B WE - Btk - BETE
W IEAE BT EHAE R B R HER 3 — BT

P

H » T EMERBHIGHEHEZE (Open Testing
Framework, OTF) * F Release/fSFEiFABHEE
LT H o HEE RS 0SCHtk s By T S5
e
(1) BICHIE (Unit Testing) : HEAFAE
FR P TG B E B BTG -
(2) AT EREEREAHIE (Project Level Inte-
grated Testing) : DAGTEE R BN - KFi%GET
o BT R AT TR A —
St e T PIERHIE, -
(3) EFEREHIEK (Project Pairwise Test-
ing) : FO-RANJCH S EAMHOHIES » 222
T R o [ AT RE S T 1 o
(4) AR EHE (System Integrated Test-
ing) : FFOSCATHHHIKIE BN BE—%
frp— A ET TR G M - E PG e
RS IEHEAE - SRR IR
ETHRA - BRERHNAERE S G IE
o BRFTRKESIER -
(5) HERHZEBHER (Use Case Testing) :
TT5e R A MEAR - HEHOTFAETTHE
FHZEBIHIE

9. SIM (Simulations)

OS CHYHE Lk e 75 2R it 23 fuH A -
Bilangt E Non-RT RICHYA LI THIHEEHETTINAE
HIEREE - T EA 1SS BB A 1/ T 1Y
B » i SIMET SR E A EFA#O-RANY
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(Z) AEHREERE

RS EEE =2 (OSC Lab) ¥fRO-RAN
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FiT B2 30 1 5 8 8 5 9800 3 i f5E ) 2 B0 3k 7 22
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O-RANFHFRAYRH - H AT EIA =1
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O-RAN Building Blocks

[ oru | | oou | | ocw | [wearrTrRC|] | smo | | core |
OSC New Jersey Lab
VIAVI ORAN Radisys O-RAN O-RAN VIAVI
0-RU/UE Emulator 0-DU | O-DU 0-cu K SMO, 0OAM, Core Emulator
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O-RAN ORAN O-RAN
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Viavi Core Emulator

—
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l SMO | 0AM INONRTRIC | %Igﬂe/:zsrk
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Radisys c
[0-DU Low] 2
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(0] = Breakout Panel
TS DR
Sl _mm
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Viavi TM500 Control P
USB Ethernet

iDRAC UE Simulator

0O-RU (Viavi TM500

C| [Switch
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—
TMS00
Local
Network

18 OSC M ZABEREBISEE

Network ) 2 FH ViaviPr B2 ALk e i 5t
gy 0 DUETT i 0 AL - SMOBYH Rl H
OSCHEHt— A fFikEs » B fFRZFEFESMO
OAM ~ Non-RT RICHIBHF KA -

2. OSCHW B A KHE (INT) BEEE
OSCHY/ZFINTE B = 1 BdRE E Bl
TTHERE - BERX MR LIRS By » (HIE @G AT
FEVEE B = R e ke B BR A L IE A BT
HATIEAEE0SC RICH- 5 EIxAppsHtEf TIIRE K
RREHIER - H kR BISH ARy i BE I S0y
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PREEAR o 1819k BLS 19 25 B B = (O % 204
c WM EEE G HIEESMO ~ Non-
RT RIC * Near-RT RICKINTEFEMZEE K
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—P mgmt Server eth0+

4# mgmt Server eth0+

witch

Gbe Port

1od 949 01 ¢y

Switch
Fire $ 4# mgmt Server eth0+
wall -AS @

4+ mgmt Server eth0+

4# mgmt Server etho#
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SampleApp—O-DU—-CU Stub) ° [&20 k{5
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PTP (Precision Time Protocol) [AZ i »
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— A
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HHiRAE (Free Viewpoint Video,
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fJ4DReplay[ 1180 H PR EEH - HEMFE
Ry A] SCRFR A B Y B R A R OROR
(K1 3 B2 FR R SR B By B H e A [al fie g
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Al AT DL T sl SRR RE CEHA
L8 52 W BT > S ZE e OE P 22 HE Y 5
b UM EB A i E BOE AT - BRIt
L HMBLEH FE BN R RA ~ HE 5 L D
B MR T B e R

— - HRAE

(—) GenlCam SDKI[4]

FE % B3 4 B A B oy RE B A B R R - BR
T RAN B DUAN R 2R Ry ER O



x£1 EREGEIERR

Cable length Bandwith
inm max. in MB/s

Interface

- Q 5m 40

4.5m 64
FireWire

GiG= 100m 100
Uss 8m 350

VisSIOonNn

Eiile 10m 850

Multi-

P——— “Plug & Play”
E B [ o=
= & = =
B . e ¢
e .| - .
| | m m

H >~ = R 2D SEDIRE o TR E B B 2
Biier (EMVA, European Machine Vision
Association) $H 7 —Z % I LT HE
( Generic Interface for Camera, GenlCam ) *
L2 GenlCam SDK » BT [AlZ G E
fiiRE#E M GenlCam SDKGERKFEHERIHZ H
B TR A EET R E R AR T 25
T 5 AN [ g B B A AT B R B

ATfFE#EHGenlCam SDKFF2% % AHH
2HEH - ZMBRFESEE - SR EHE
ISR -

(=) GigE Vision #8#

BA®HEMEEATES - BFFEUSB3
Vision * GigE Vision > IEEE 1394b » Camera

Link * CoaXPress 2.0f13G-SDI%5 » ¥ITH15
Eog=brS ST S 2R R i)
1 K EWBOARRERER - kX
BERE  ALORIASEE - Hh > GigE#
L 100 MB/s » cableREREFE1004
R HAEZAHBE DI RE U7 1 1 it i Jo vz B 5l
TG - S54h » EASE Power over Ethernet
(PoE) REfEF B —cabledE T2 G H il {it
o SR ESEIEE R - Kt
A% 5 GigE VisionfH#E IO Z i A -
ZEiE s Switch (>10 Gbps) » [A]FF{E i 2
ServersfEfTHEH -

(=) ¥&RErFRI%E ( Precision Time Pro-
tocol, PTP) [5][6]
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2 % L 2 {1 R i e G B PN S R o LR
TS B i 1] 3 sub-microsecond Ffi © PTPJi
IR Fs 20024 32 AMYIEEE 1588-20024% #E
i IEX#4fER [Standard for a Precision
Clock Synchronization Protocol for Networked
Measurement and Control Systems] * 2008
FRATEETIEEE 1588-2008 » g fy
PTP version 2 (ffEPTPv2) » 55 " RAHEL
PRI AG AR A B2 2y T HEMERE ~ FF R DU B A
M -

TEPTPRF R Ay R - & 3t i I
A5y Ry =HH ¢ LR (ordinary clock) »
B SE (boundary clock) DLz ERHRE G

(transparent clock ) » %5 8 I §8 2 A B R IAE
s B+ A —fportZ2EPTPHFRH[FIA » 7]
fEERFEE (master clock) FEffEIRFEITE - BUZ
VE1ERF$E (slave clock ) FEH AR g T
WFSH AR - ANERENE Hh L B ey 8 e A B
BEEE o 85 EE T DUFEE R E DL ERYport
ZEPTPRF A2 o Ho— i portfE ki
{5 25 IRF ) > JLEREportla) I i 35 O 228 i R
[ o W S b R i B G - WEIPTPES
2 % H N ER & 3 B R AR A B B B R IRF
[ > DUSRAE IERF AR AT a3 - AN [E
MR & {5 F AN [FIPTP message types * i
JERFEE NS SR S8 FH Synce ~ Follow_Up »
Delay ReqfliDelay RespfE ik RIFNE » 3EH
Wig#fi FPdelay Req ~ Pdelay RespAllPdelay
Resp_Follow Up2K{HI &3 HEst i L HYZEE
DR A HAE AT RATE -
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Delay Req T3
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FE3%SyncE G SlaveIRF[E » T2 B SlavelX
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Slave#¥iXDelay ReqEf YRR (S HSlave
figk ) » T4 FsMasterfitE|Delay ReqEfHLAYEF
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HU15 8 P s e 2 - A =01 el FH B B
masterfydelay » 6H]FH HLAS SR H CRYIRE §#
MimastertR 1E o FEMITERE AT 53 Ry Step-1EH Step-
2 » Step- MHGAE K352 Sync B YR [ R
timestamp T1FC&k N2K - 1M Step-2 Al & FI[ 1 %%
R MHEE (Follow-up) #E7F%H SyncEt
A timestamp T1#Aslave °

» slave

ARWFFERHPTPIGE » [ T Ara
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ARRE R -

_ (T2-T1)+(T3-T4)
2

Delay (X 1)
(M) REAE4FEE4 (Scale-Invariant
Feature Transform, SIFT) [7]

REEAN SR E (DUNRERESIFT)
Bk 12— T P 2R A B e 5 45 TR Y g
PEFRF 0y S R R G R A
A - A7 (location) ~ R (scale) ~ fig
@ (rotation) » - HAEGAE (invariant) Iy
ik - B ¢ FEER ~ SBRRAERL DLUR L5

& PTP [F2£ 2 18# free run ;REE

SN G EAHETRE (Robust) HYF
M o BB FE I #EIREE - Ry 2 # R
SR AR P e L [F AR BRI B (AT el 4 5
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s GiE S 3D P EGEERIEIELL
BT o HEF 4 78 S8 e R P LU K
$ETT » SIFTHYE R R A — 8 L #5
KT Lt {2 AT B JER K138 2 S
[P S SR B A% F1) I P T RE B8 FH L s R

real-time

b 968 R G P SR A SR AT 4 - I o 487
o 5] — 148 - BEAS [R) A FEE AU R s [ e+ I
e EHR AR TR - B E
BEEE SR AR PR 15 5t N o] DURAF B 2] 5 JE
B o WA SCE R BRI IR - &

JUN 2022 T#2-95 % 02 #A @



5 SIFT STEERE FRIE RG]

FMIFISTIFTAET S B ER - AR LEAD £ HERS
AR - EFIRZE 2 BN 1 B AR I R
TiEH EHAR © TiE 5 FUAE Hi R sk
—EAERER BER - SIFT{RE IEME MR
EIHSERS -

(F) BNEFAEHE (Real-Time Messag-
ing Protocol, RTMP) [8]

BIEFERE € (LUFffRTMP )
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Adobe A FIFTFAZE » M€ FEMAER S
i > R YouTubeHlFaceBook I E #§39
RARTM PR 5 # o RTMPE g 5 H
TCP - € —FmTHFER B Handshake
SLER AT PR EE R A N S E - RTMP
i FHPort 1935 » il AMF (Action Message
Format) BAFLV (Flash Video) ¥i#i » Sy
BEMmIS R AAC ~ MP3 » SUIRIRZ BRI 1y
H.264



(7%) H.264 E#E [9]

H.264tfEEMPEG-4 AVC (Advanced
Video Codec * =i Gfmits ) » & — MR
HEAAE » (At 2 — TR R 2 B0 Y e R 5
BIEREL ~ BAHEAI RS - H264 A HUZEDL
JEREH — AR AR E T 2 44 T EDERRIN
PR AEREREISH.264 - BORy T H TS Gty
RS o BR80%r T EER -

H.264 bb H Al K5 45 i il AR 5 25 36 v
(52 B B FT SR AR YRR A =R+ Rtk iz
FH TP 8 B O O A8 0 ~ % A s 07 T 8 i
& DUkt 2 i B R I o AR HE D
FIH.265AHER A H. 2641 $ il SR BEK » LRSS
T A A R R - (AR SRR
H.2643k451-74%H1E3L T » H.265#m5 52
1B R B H. 2648w AS s BU I AL R AT » {H
HAETRTMP M AR SZHEH.2654mA5 » fUE B4
SRR FHH. 2648w

() HTTP ENRF&R7% (HTTP Live Stream-
ing, HLS ) [10]

HLSEsApple Inc.fA20094ERFfTFEH
R FAHTTP(S) MY s #E 6 € » "R E
RRELEERE o B 53— {5 RLHY HR IR 7 E RTPAH
b HEEE > v DI RAFFHT TP
B K s BB R AR 2R - RETFEN YL AH
BEWE - SRR G PSS A B E
HEEY - HHMHLSEHEEE D = [

P

R (esfl) - MEPRRRINRIZH 2 e —&5%
RrfRFRE] (B RDEER E EIR R I - RES TR it
{5 P B i R B B 5 R RS I RITERF 1
72 TR E TS s - KRR A By T
AR EE ST AR - "R - &
QU30%D - AN [FI R 4H S Bl es 1 5 5 o g 22 IF R
AR -

HLS BUPEIEANTR -

1. B S B ts f » —1 ts BEEH AN
10 F ~ SRR 18 -

2. F—1lfl index file FC#%E 2 ts RERYNE - EL AL
HE » B m3u f o H AT m3u fEHVEIRESE
m3u8 (UTF-8) B m3u ( Windows-1252) °

3. Client [A] Server K index file °

4. Client HY 75 index file #% & & fif 7 I #%
WAIE /7 3& — A Server i K8 JE B 1Z1Y ts
1%? °

5. Client THESE —EBREN s Bk - ) E
FRIGRE I » MEHRFREES K N —1H s A - A%
index file PYELERAY ts i N#5EE » Client
& HAE KT —1d index file » #EEEED
B4

it

.

Eafi R
(—) BEEZE
ARW5E. 2 BEA R AE 6 - R PY S GigE

Vision #5572 22 SwitchfJ1G port » Switchf
10G portiifZServer » Servere I FEILE]
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MG HIRETE - FEE TR 2 A5

[ 7 By A 58 L BR G 284 » 73 FyCamera
Server ~ Bi#%2Uf ~ Media ServerElWeb
Browser ° Camera ServerB & [T BRAIKEAG B
B TAE » EaEsEgUasg2g - BIRPTP
[~ AR LR HE i EMedia Server ° B
PRl TAF RS © BN ERA AR SR -
W R 3R 722~ DURCERFREfFLoghs » DU
B AR - HEAREE PRI IEF V VIR
By 2 INEE » A R nAE i B =
FHHEERE LAG Al —EgmERER
HEAE B 2 S AEBEIYIRRE © Media Serverfy L
TEIREEAE - L2 Camera ServerfYH#E B
[ Web Browserfi ifiiUEE K » BEIRER SN

HINREH AV VS Z YT i AR DIEE - 4N
A RE IR #2532 2 HYJF SR - 118 P e
FHYUMEHCRZENB A - HAER®RERN
Delay - g 264082 B TR HE HELU BT IR DIRE
WOGE B R B R AR AR T e B

(=) 2484 PTP FE HEENE

Z A FPTPEI & - 5 H AR
) R PR BEUIR [RL 0 BR 2R 1 s © T T REA
BERIZD AR A2 B4R - BB A W S R R 2 40
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&8 » AJ LU S B 1 (e B R T B TERE
mEFLEh -

6 HEEZIEE
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10 fedgE A Eap)

FEBEFAHE - ARORIKT Fp40115493 (£ L) » (I9) Linear Regression st E & ¥R IFJE

40115495 (A F) ~ 40115498 (£ TF) ~ 15
40115506 (A ) » Hepf LylE Fr e H A
li] A L A5 FH A e o B 11 Rk A S TR IER H B F i (Color cali-

AT E R EE A R S o ZEEE B R T R Bl bration for multi-camera imaging systems)
AIFFH EBE BB AR AR - 5540 - HEH - K [12]A97FEL - FISIFTHHIRY A ERL - HRGB
S~ JROKHME /N ] DUFI S FE B R AR AT B fEASH Linear Regression®s A IEHARH - F5FE
ARFEAH - B2 - o A =02 3 SR TE A [ Fr U 5
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I [mmin

fHi%G3? PTPstatus PTP:RZE  JiFiE
40115493  Master 0
40115495  Slave -8 32.763317
40115498  Slave -330 0.000000
40115506  Slave 18 0.508604
11 EEAEERERER
Train Image Query Image

cost

A —

0 20 40 60 80 100

12 BRRIEHR

B g =1, b S TR Rl [Gain00 Gain01 Gain02][R .
B HARANE12 - Query Image RAHRIERY G =[Gain10 Gainll Gainiz||c| (F2)
& Fr » Train ImageFy H A% Fr > 38 MIGRRE] 2 Bl lGain20 Gain21 Gain22llB

HAFRAEF#IE A > Query Image SIFT
R IERG IR - A DU B H R 1 3 22T
Train Image ° 5351 + [ HcostHyE 73 B HIAE
fitiLinear RegressionfYiHE HepochBl iR 72 {H
HIRHER » AT H LSRR TR 2252 D Elepoch
FEFE -

(R) 2WRBEGERER

ARWH5EE FHWeb Browser 23 % il 52
% - BRSNS RRTMPHER £
Media Server * &M P TREIER + FHFHWeb
Browser# H{HLSFE K » Media Server[ml &L
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A SRR AN B i - lEWeb Browser
HEP BRI AR - dE 13
[E14 > 4% N AL SR G YR E 7/ A AR
& LRI FVVZ R RIS 2 28 -

m - SRR EE

ARWFFEHI T T/ NI E b AR
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BERK
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2. Intel Corp., https://www.intel.com.tw/content/www/
tw/zh/sports/technology/true-view.html
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Rl BREFREBEEEHEREBIES 2T 5

Metr  BHHBEANAIEE S BROHE s aHE L

mE NP PR A B2 il JER G J B - ILE A0 2R i A
SR ARSI AS & 5 S B o R EIR
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PRIEERVIEREE - EMBLMGHE - W ERA  RIGEE - RIS W 15 i B 4% e o T
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%ﬁ%é@%@ﬂﬂi R i B R A R B ERF R E N 2 (Coronavirus
FEE KRB B A TR ESEmNEE 3 Disease 2019 » COVID-19) &AM A%

i

=
AT AT < il - W Bh R A BiEME RSERERIRGE (1] - WA 2 RRH 2
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Service
Type

Use Cases

Description Latency

Safety-
related
services

Forward collision
warning (FCW )

The FCW application is intended to warm the driver of the host
vehicle (HV ) in case of an

impending rear-end collision with a remote vehicle (RV )
ahead in traffic in the same lane and with the same direction of
travel.

100 ms

Control loss warning
(CLW)

The CLW application enables an HV to broadcast a self-
generated loss of control event to
surrounding RVs.

100 ms

Emergency warning

The emergency vehicle warming service enables each vehicle
to acquire the location, speed and directional information of a
nearby emergency vehicle.

100 ms

Emergency stop

This use case describes how v2V communications are to be
used in the case of an emergency stop

in order to trigger safer behavior in other cars that are in close
proximity to the stationary vehicle.

100 ms

Queue warning

Using the V2I Service, relevant queuing information can be
made available to other drivers beforehand. This minimizes
the likelihood of crashes and allows drivers to take mitigation
steps.

Road safety services

V2X messages are delivered from one UE that supports V2I
Services to other UEs that also support V2I Services via a
Road Side Unit (RSU) , which may be installed at the road
side.

100 ms

Pre-crash sensing
warning

The pre-crash sensing warning application provides warnings
to vehicles in the event of an

imminent and unavoidable collision by exchanging the
attributes of the vehicle when a non- avoidable crash is
anticipated.

20 ms

Automated
driving-
related
services

Automated overtake

Executing safe overtaking maneuvers requires cooperation
among vehicles travelling in multiple lanes in order to create
the necessary gap to allow the overtaking vehicle to quickly
merge into the lane corresponding to its direction of travel in
time to avoid a collision with an oncoming vehicle.

10 ms

Cooperative collision
avoidance

Collisions between two or more vehicles are prevented by
controlling the longitudinal velocity and displacement of each
vehicle along their path without Creating hazardous driving
conditions for other vehicles that are not directly involved.
All involved vehicles should undertake computing optimal
collision avoidance actions and apply them in a cooperative
manner.

100 ms

High density
platooning

High Density Platooning, i.e., the creation of closely spaced
multiple-vehicle chains on a highway, has multiple benefits,
such as fuel saving, accident prevention, etc.

See-through

For the safety of pedestrians who are crossing the road in front
of an HV, the camera in the HV detects the situation and shares
information regarding the pedestrian with RVs to the rear of
the HV.
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FIGURE 2) » 0]43 Ry = KFERY (3] » Wik
1TEhE4H 49 (Enhance Mobile Broadband °
eMBB) R A SHEAEEEE (Ultra Reliable
Low Latency Communications * uRLLC ) »
KEVEHEESS (Massive Machine Type
Communications * mMTC) ° HfeMBBfE
HEGbpsFEHEER ~ KEERMIEIRE » H R
fIEFIA 2 3l AR/VR © iffuRLLCEHEKAK
LE%@E@HE&’%FW TR E B~ NI

* HLEERE - mMTCLUBRMA R X - B

DU 8~ AL ~ RRAS ~ R - 4l
BT~ HEER - BERE -

P

1TENE#%EE (Mobile Edge Comput-
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User PlaneBaJf RS R HEH P IR E - #id
A RHE A ~ A R AL I B I RF 4+ FH
IR F I E R #EInternet » BORHE By 1] 5

Gigabytes in a second _|_.

Voice

Massive machine type
communications

Usage scenarios of IMT for 2020 and beyond
Enhanceed mobile broadband

Smart home / building 1.
Smart city Self driving car
Future IMT ‘

Ultra-reliable and low latency

3D video, UHD screens

Work and play in the cloud
Augmented reality
Industry automation

Mission critical application

communications
M.2083-02

1 5G FERIS=EH
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Emergency Electronic Brake Lights  Across Traffic Turn Collision Risk Warning

Designed to reduce rear-end crashes

Signal Phase and Timing

Communicated to the driver

Intersection Collision Warning
Designed to improve traffic safety

Designed to improve traffic safety

Vulnerable Road User Protection
When pedestrians & cyclists are present

Stationary Vehicle Warning
Designed to reduce rear-end crashes
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1 MSG_MessageFrame ( FRAME )

FRMEAZE

2 MSG_BasicSafetyMessage (BSM )

3 MSG_CommonSafetyRequest ( CSR )

4 MSG_EmergencyVehicleAlert (EVA ) Frimin
5 MSG _IntersectionCollisionAvoidance ( ICA ) 3% 0 B f AL 4
6 MSG_MapData ( MAP ) 3T Rh A8

7 MSG_NMEAcorrections (NMEA )

AL IR &

8 MSG_PersonalSafetyMessage ( PSM )

B A AW E

9 MSG_ProbeDataManagement ( PDM ) MR E AR

10 |MSG_ProbeVehicleData (PVD ) FAERAR B SR

11 |MSG RoadSideAlert (RSA) SR

12 |MSG_RTCMcorrections (RTCM ) AL AR IE

13 MSG_SignalPhaseAndTiming Message ( SPAT ) 35548

14 |MSG_SignalRequestMessage ( SRM ) WIEER

15 |MSG_SignalStatusMessage ( SSM ) NS

16  |MSG_TravelerInformation Message ( TIM ) BhE N IRIEE N

17 |MSG_TestMessages TRt 2 e M3
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1. https://www.freeway.gov.tw/Publish.aspx?cnid=1556

2. https://www.prnewswire.com/news-releases/
self-driving-cars-market-worth-62-4-
million-units-by-2030--exclusive-report-by-
marketsandmarkets-301461896.html

3. M.2083 : IMT Vision - Framework and overall
objectives of the future development of IMT for 2020
and beyond

4. https://www.3gpp.org/ftp/Information/
presentations/presentations _2018/2018 10 17
tokyo/presentations/2018_1017_3GPP%20
Summit 07_SGAA_FLAMENT.pdf

5. 3GPP TR 22.885 V14.0.0 (2015-12)5.17.3

6. Use Cases and Communications Architecture for
5G-enabled Road Safety Services

7. Latency of Cellular-Based V2X: Perspectives on TTI-
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8. 5SGAutomotiveVision,document5G-PPP,2015.
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Air Pollution Control System
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