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(—) New Paradigms for 6G Wireless Communications

R R 2 R AT AR Andrea Goldsmith S5 R SiHE (7SR - Fl A6 GIEAumaR it
FITEF - 4B LA TEAROK > SRR TR A A - A B R
B RSN - AORENREEERS  ROENEE RS ETAL - Fit
BB EE - SRR AE SRR GBI B Rt -
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Next-Gen Cellular/WiFi
Smart Spaces/Cities
Autonomous Vehicles
“Enhanced” Reality
Body-Area Networks
Massive Sensing

All this and more ...
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m Other [30% CAGR}
® Energy (24% CAGR)

Retaid {10% CAGR)
Billions of o Mg & Supply Chain (10% CAGR)
MM = Connected Car (25% CAGR)

fon:
Connections # Connected Cities {26% CAGR)

m Connacted Health {22% CAGR}
& Connecled Work (15% CAGR)

# Connected Home (20% CAGR)

2017 2018 2019 2020 2021 2022

Seurce: Cisca VNI Global

IP Iraffic Forecast (2018)

¢ Different requirements than smartphones
* Low rates, latency, energy consumption
e Also security, privacy, and resilience
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(Z) 6G: From Connected People, Things to Connected Intelligence
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Up to 2010

Everything

Networked sensing and machine learning to fuse physical, biological

and cyber world to enable Internet of Sensing and digital twin

A distributed neurai network with communication E
links to enable Intelligence of Everything
4

s A universal, high-performance wireless connectivity comparable
with fibers in terms of speed

() .lr [: ‘u C :
:“\" :.‘\" :‘.‘l.‘ 2“/" "‘.!..

“Givemea “Show me 3 "let’s have *See you in “Sendmea
calt” photo” @ video call” XR meeting™ hug®

@ ® & &
B1-5 6GHEARMENFITEE
HEI-6F7T > SCEETEWERSEaE |« ()ERAIFEENE E (enhanced Mobile Broadband,
eMBB) ; (2)iB 5 o] FEMERE AE % R (ultra-Reliable and Low Latency Communications, uRLLC) ; (3)
R 4 (massive Machine Type Communications, mMTC) < 6G45 & T 5CGHIFE RS =R FE(L
(intelligence) FlIELH(sensing) » 418 1- 77 » AREEA5G  6GHF A B #FAY AR JE R (energy efficiency)
41 75 8 (network capacity) I {E ¥R (air interface latency)Z

Full-scale digital transformation of all vertical
businesses

Intelligence

Sensing

[&1-6 6GHEAR BN Z EFR



Peak Rate:
1Tbps

Guaranteed Rate:
10-100GDbps

Energy Efficiency
100X w.r.t. 5G, Total < 5G

Sensing Battery Life:
20 Years

Device Density:
10millions/km?

Network Coverage:
10dB+

" Network Capacity:

1000X w.r.t. 5G
_ Air Inferface Latency:
0.1ms

Sensing/Position Accuracy:

50cm outdoor, 1cm indoor
Sensing/imaging Resolution:
1~ mm

Air Interface Jitter:

+/-0.01ms

Reliability:
99.99999%

1-7 6GHESR B AR A AR R T TR

(=) 5G Advanced for a Smart Society: Vertical Applications and Solutions

A B F3GPP RAN2E! 3 F Sergio Parolari #E{ TSR » f#u B AER T © HATSGHERI
SEA3HT ~ SG Advanced Fr{dE FRHLMIT ~ SG55G Advanced #E B FEFH ZEH -

DL H BISGHEAE SR B HYEE » EAiRel-15 & 16285044 » IE#E TRel- 17THRLEHISTESE - Rel-15
B5G NREIEHTE — (B » F=[IEReMBBERAZER » Rel-168&H 5 %cMBBJE A LT
VIXEE o {ERel- 175T BT » FEELTEESE « TR FEHALERXRESSGIER ~ i
7 26 K R SR ER (52.6~71 GHz) ~ b8 H T VR EE 0% - S5 IRt i 48 7% (Non-
Terrestrial Networks, NTN) - sidelink48E& 5% - BAHA3GPP SGIELERIE T TR HF 2 40E]1-8 -

2022 2023

: _ i S el N s
| i e
@ @EQIEQZEIQJ Q4 QliQ2 Q3 41 2 @3

Hrh s EABEEATREY T Al-enabled Wireless Network | fF48EEE 2 HIY BEIESG
WK THEE ~ R BN iR L - B ETER B S - QoETHMI B & 25 (traffic steering) ~ & TR K FE
HeiE A (S 852 £ {k(Coverage/ RACH Optimization)Z : FEEREE T B BIEA KGR RERH
(Beam management) ~ E{ FHL T °



HEASGHE - BRGNS S i B BT 5 - DI 4ERS - HDE2S: ~ Shim s imiE
Ry TTREBAR LTH9ESC  fELoT2.01% » KA B i - Bimitsw] - XRIEFAS > B
EITRKEXNBRRTH T2 Gbps/10Gbps) @ AEEETR KESKZE(2-10ms) - A H1TRRKERMA
HEE  #H LTMIMOEGRTTE8Tx » W F Fmulti-panel simultaneous transmission#E7 T {2 -
YE1-9(a)) - FEA EITHEOL B S ERF LT R MR T TEOR R E1-90b) -

Cellsn Band Z

Cell=1 Band Y

DL&UL | s
Associanon'

-

DL camer 0
Call=0 : ™ BandX
UL camer 0

[&1-9 (a)fEF ErTMIMORY [&1-9 (b)fErt LT8R =S
TR KIBIRELER 7 » SHER{ERel- 1755 — P& EefY24.25~52.6 GHz @ B2 #%1952.6~71 GHz -

71~114 GHz » #% 2 1%6GH=AHITHz/T] RFCEREEL » ] RAIESERE R ENTHIE - St
SPRRY T I E R - (2K B Ry AR EET - Ea a2 K (RATEE |

HCAT g FE Y RCiT PR E R R e e &y © A REHE RIE (Blockage) B 278 Z MRS - S B EHEE
UEATEERE ~ REREGRIET K2R R - SHIMIERE T FIFH o =R %255 3R M (Reconfigurable
Intelligent Surface, RIS)¥fi » {5 gNBFIUER{E B AHAEI FR4R #EE N » FIHRISKATET K HHE
7 R gOERISEA » HEFF4910~20dB RSRP » W2 -AERERCK « FE(KERI T - #
M e AR KR 7 A R HIPR S » {(F FIRISK T 40l 1-10 -

With RIS Without RIS

[&1-10 {58 FIRISE T #E R A=At L
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(F9) 5G and Beyond: Enabling a Fully Connected, Mobile, and Intelligent Society over the
Next Decade

A4 2 HIntel #9GM of Next Generation & Standardsgl F & Asha Keddy #{TREH - AEEE
FEEREBAWL-FLS ~ Wi-Fi6 ~ Wi-Fi7 RYSSRBESE - anfEl-11 - Wi-Fi 67220198 H &1 » #2/EHE
[EIHE 7 122.4 ~ 5 GHz » S A {EE R IE - 2£0.6Gbps » I H 5= A8 & =00 BAF1024-QAM ; Wi-
Fi 6B 122021451 H &40 - #iitd6 GHZAREHRE(E © ZBATWI-Fi THHETA20244E88 40 - AEmAH
(i B30+ Ghps ~ IRIFSARSES2.4 ~ 5~ 6 GHz » SR H E#E320 MHz > i {5 FH4096-QAM A £ -

Wi-Fi 7**

Based on
IEEE BO2.1lbe

—
4,586 GHzband

2.4,5 GHz band operation =

| OFDMA,ULandDLMU-

| MIMO, target wake time
(TWT), 1024-QAM

Best-in-class WPA3 security
Max datarate: 9.6 Gbps

Launched August2019 &

Wi-Fi 6E*
= Extends Wi-Fiswith 6 :

; v GHz band operation § R ————
2013 8 * Launched January 2021 - Targeting 2024 launch

B 1-11 Wi-Fi5 -6 ~ 6E ~ 7 #ZEEE

BEE 51 485G/5G AdvancedE #E - WIE1-1252[&]1-13 » fFRel-155 » HIEHA10 Gbps{HHi;
B S EBEIFEE] Gbps » W2 HFZLA S 208 » W EFEESubd GHZIHRE K
100MHz ~ 258 E B400 MHz ; 1ERel-169 » HIEURLLC K 5 [#ETSNELAiT - NRIEFEAAHRE 5
ENE R T EAERER ; f£Rel-170 » H17E>52.6 GHz HHRASEERERSTC ~ Sidelink ~ RedCap ~
FEHEHERS(NTN) - NR % FE SRR HE « $eFH B EE  1ERel- 189 THEMHIETH B & & FIFFAUML
EHISCRAFE =R THIERAN - HEEETEIIFES -

AR B R R RV B R A S RE R AR RR AR SR B L TP Y TR/ NN 1-14 » &
HANTTE:ESony ~ Intel ~ NECEZIZAIIOWN (Innovative Optical and Wireless Network) » FHIEZEEE
ST SR SRR 5 B (Alliance for Telecommunications Industry Standard, ATIS)EITZHYNextG
Alliance @ F9 Nokia 48 25 BX 2 %4 Z & (Buropean Commission, EC)#JHexa-X * 25 3GPP ~ 5G
INNOVATION LAB - Intel RISEZ °



Deployments

*intel proposedfled itemsin Release 17

Standards

Organizations

& 1-13

{ eMBB (Capacity, DataRates)

E- # Upto 10 Gbps peak throughput:

t  1Gbpsinhigh mobility

Massive MIMO & mmWave

i f

i = 100MHz BWin <6GHz 400MHz
BWinmmWave

= Networkslicing
{= initial URLLC support
——

* Positioning support for
indoor accuracy

2020-2021

Broad 5G network
roflouts — mostly phones,
PCs, CPEs

i End-2021: Expected agreement on content
i Potential features & use casesinclude™:
AI/ML for the airinterface and 5GS (study)
Duplex evolution (study)

Network energy savings

Positioning (ranging / sidelink)
Optimizations for the support of XR services
Al/ML within the RAN

Providing Access to Localized Services
Vehicle Mounted Relays

Study on UE policy enhancements™

LS R R S

i

increase in energy efficiency

Supporting tactile and multi-modality communication service

“All photonics network™ for 100x

Support forabove 52.6 GHz"
Pasitioning for factory automation/ lloT*
‘Reduced capability device (RedCap)
Enhancements for sidelink (incl.relay)
Non-Terrestrial Networks

: Multicast and Broadcast
Management Data Analytics (MDA)*
Enhancements for Edge Computing
Mult-USIM (MUSIM) support®

e
i

2021-2023

5G enables lloT / smart
manufacturing and smart
(=

2023 & beyond

5G for vehicles,
agriculture, healthcare
and more

Timing, features and enhancements TBD

Al/ML likely be partof Rel-18

forthe 5G airinterface, RANand
5GS:; for Federated Learningand
potential applications

Study on System Enabler for Service Function Chaining in5G system™

3GPP 5G Advanced Rel-18~197 & HAFE K il N S

Goals, Techniques, Use Cases

renewable energy supply / demand

Green G working group to study the use of renewable and ambient
energy and how to help industries reduce their environmental footprint

Energy-optimized digital infrastructure
that fosters UN SDGs and the EU Green Deal

distribution of sensors

Smart Grid Management for changes in

Earth Monitor with global

Working on standardizing KPls, use cases and
solutions for energy efficiency of mobile networks

Release 18 Network
Energy Savings

Food Resiliency Project provides farmers with real-time access to sensor data and
analytics to improve the resiliency of Snohomish County’s agriculture sector

100% renewable energy use across global manufacturing cperations by 2030

[El1-14 BN A AT REREAE BRI B S LIF/Ne



(#5) Sub-THz Channels and Communications Systems for 6G

AR HUSC Viterbi AYAndreas F. Molish# {7 @ & feMiFE i THz / Sub-THzi#E 1 7] fE
FIESE R 2 MR R AR i e T e - 20[E1-15 - RTH A e S AR hV @Rt 5
FIE (5 R BRI ENES 7 FE Y e e Tt 2 FMILOS R, - LU AR E R EENEEE
#THz AP ~ XR ~ THZERIHOERER - ol B HES S - tEhSEHEE - BEERA
T B RS - HpkECS - Hoo FIFeG e RHEE ~ = sk i 8 iE A 6 R E
i 7 B A & THz VR A R B RS BIAE 54 1 R (Earasat -

DWG based Sub-THz Interconnect

Tx €k In
b

i Rx BB out

[Kim and Zajic 2016}

[&1-15 THz / Sub-THzFERITES: < M Ek EE Bk ] i 5 R

BT AR » EE SR EPEGET T

o THz {EF#EREHRRE © 100-275GHZA T S AREH 2 M - MG E RO ER - AR
HIFRE AR FE AR AT I B U I RS - ZRIT - R EREREZE HTHAHRRARE: - ERRVHFEEER
&% (Federal Communications Commission, FCC)ZE H4116-123 GHz, 174.8-182 GHz, 185-190 GHz,
244-246 GHzZEJEHAEAERL - FEE 0SB @A EH FH(OFCOM) ZEH116-122 GHz, 174.8-182
GHz, 185-190 GHz - BR i %[ &TE & # & B & (Confederation of European Posts and
Telecommunications, CEPT)ZE H4122.0-122.25 GHz 5z 244-246 GHz » H A48 %54 (Ministry of
Internal Affairs and Communications, MIC)H7.25 H{116-134 GHz#EES -

o  THZAEEERIFAER  FEEIIEGENTHz 285 K i E R » F52 % Shannon capacity *
sparsity-based method 5 HZ » | H B FEFESI 2247t (Adaptive Array) 1] AFH{EE: = Y5 %
& 1B #E(isotropic pathloss) = 5591 » KRR KAGIEEERATRSTIEFENVES R - I H &2 EZFE
Bk - FREE - 2 MR © BB - AERERZZEHRESE  WIEH L
o] = ITHzZERE 408 1-16 » W71 FHRay tracing/ ray launching ~ Lidar scanZEHe i fTaEtiBh &1 -

o CPEERT ~ RS T HAMRHIRETE 140GHz & 502 MR TR RE S e o
F (High-EIRP CMOS) » #0f&1-17 » F&EEHAEE READE R A LAFE{ERE chain » 40[E]1-18 -



{within VNA)

Poalicner Eletoomicd|
Moddator

Laser Saurce Fiber  PhatoDixde  Arrpl

USC long-distance frequency domain setup

[ 1-16 THz & HI%5HE

[Li et al. 2021
au UK
S NA7 9’ 0‘
F‘”"“-'r‘ \
i M I
Anss-tdmo “

T
Ns|  Fyg
Digtal ;
Baleeal ‘ Analog precoder
e

[&1-18 &5E ML BB SR A PARE(ERF chain

(7%) Making AR ubiquitous: Systems-level optimizations for always-on, always-connected
experiences

B R ERE BN T &R Ananth Kandhadai 5% » FERGEE ZE 1. AkiEiE
4R B B TH B (Augmented Reality, AR)— &1l ATHAERTRE © 2. fEATRERJAR—FIHSGHIEZ
%% HE R A T EREBE A3 ME A Boundless ARAREE(AIE 1-19)58 BT RERVFF S - MEARTRZA

S ()EIFERIEESGHEIRE © QUMUENDEERIER  GVERIFER M LRI EUIES - Z5d)8

10



& 1-19 Boundless ARHE f54%5E
DUTFA 4840 -
1. FKEBHELRHVAR — LA i A ThFERRE
TSNS L4 T W BN S:
o MREFMEEE : 100-110g » HAEBER THEERTS g (KIFRFIEIES g) -
o EMEEMRSIRENEERMH  EREAEEE /600 mAh -
551 - ARIREERIDIFE 0@ 1-20FT7R » HAEDPRETAE B2~4 W ERSTHEEHING A B
sxal + MIERI RIS 245 B H (Application Processor System-on-Chip, AP SoC)BYTHEE 434
WE1-21 - HARD)ZRLTF800-1000mW -

Cthars - File Cameras,
system, Touch Sensors

Power
14% 13% Management Composition
7% Display

Cthers (Audio.
infra)

0%

Ry Perception
DDR s 29%

. Video EncfDec
28% 6%

[&11-20 ARBRSRTI#E 77 il [&1-21 AP SoCTh#E5H

ARFERIRHEEZ MR ER T P ETHEE M EMER  FraEERTe S

o STEMEHEEOEMEVIO - SLAMAI3DR ~ #1fa e HiFs%51)

o ANLHEHZ2FNESSRMEENATEE - KHAIEKEEET - 22 HIBH)

«  ERETECERAVIIFENE SAYMERE R AR EIRIE a4 TE R Bz 8l & T E i
&~ T—RAREHH)

o T—EEBECGFIWI-Fi ~ SLERYSG FIT - EEFRLE)

T By /INER AT R~ = 1] PR 13 R B (offload process) @ EUH B2 WiFEA [EAYHF 5 4ok 4 (s 1-
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22FT7R °

AR Smart Viewer AR Smart Viewer

Some perceplion and rendering on Same percaption and rendering on
glass i glass
Wi-Fi = 5
> Split processing
Split processing :
: @ | Low-lstency, high-capacity, and
| high quality of service connechivity
PC smartphone
Heavy processing
Computationslly intensive processing

and graphics rendenng

[E1-22 4/ N R AR o 2R

2. SEFTAEMIAR—FIFHSGIEZE S

5G4 —HyZE th A th B RS AR L P B EsE EAVIRES R ENTAET: B [F HIRCE A
BE R VIR EIIEAEE(1062) - T B (10f%) « SERESERGME) - HH A &(10015F) - SRR3R0
{2 R B BEREFE(1042) - SGEBRIBE S ] e » Sl EREs D& R3CGPPEE T
SEt o AFEE G ARG RY SRR BRAS RS « T SRAIE SR A B RIS o A& 1-23

e R

Mid-band Exarnple URLLC

Cre T
D,IZISm::
-’ -
THHAN-—
mmtave =

1-23 =BT F

Boundless XR7ESG b FIHF 2578 ZL 22 (split-rendering) » 1E2 4 EARFS ea IR Z ST BC
e ()T EREREENER L QEEE - 5A RS E SRR Q)R
TR R S e SRR - DUEMBSGHR It IE SRS HBIIIXR - EXR{E A ENIAEIE - &3
P T 2 S E TR RS R A ~ RS S M SRR L X TR (B 1-24)
BT SRS T BT ME T SRS T E S - B TR R 4 A B XREE R TR
28 o XRUFM A SR SE B S iy o] F b THERS - MRS A AR AL A R 9R B?%
FFiE— i LR » R ABR M 7 & MTPZE IR (i E B B B YR )  [EFEE
5 » MTPRRIE RS2 £ FHEE FHEITHY » DURR IEEE/ NP 20ZMHEK ﬁﬁk&ﬁﬁi\%%
PO H P S A 34

Low-band
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Edge cloud
server

AR headset

1-24 Boundless XRIFF 7775 4L 4544
REA4E PGB L EEE-25) - BEA=% - E8) - [HEMTHEAEIERFR

BORIESRRE PV Z e G 2 TR S E LRGN B G EBEBIE ([ - TAEEEEAR]
FREERAE » 1590 fpsi - EAIREA 19 B A KRR EERCETE -

==
E=1T-F1
=
imERs

Reflection
interference

@1-25 SGIFFEHTEREDRE

RIS P A IRASGRFE BRI EL - W RFNAFERERESRN » DT
5 B 4 R FES GBI BA SR EL -
o SGEFEBLTZERSLUTIUE
v HREHEEL - BEIEERD T25% -
v (RIEEE IR -
v IR R EE DR S eI SE M
v ENREEMEREEE DU e FE R RIS L K -
o SCHESEBLTIEESLIT =5 -
v gNodeB #iZ : BEESHNE - SEMEHIZEEGEHFNES - A2/
THEHNF] -
v 42 B{LEEENEIIE -
v R SE (Quality of Service, QoS)FI LR By HF1 2 7 (delay-aware Scheduler) : &
{ELLE— R S 4R AL -
I I (End-to-End, E2E)B{CEYE AA SUCE - vl MBI E BB R HI A FF S » f
MigERGAE @ ME1-260FT7r °
5G NR IE#E—CiREsfimIRAE » [FER R 3GPPH IR L LR SG NRE ERiTficF B
e Rel-15—FEIF43(Bandwidth Part, BWP) : MK/ = 5| 2B FH%EBWP -
e Rel-16—EERFEEHE (cross-slot scheduling) © RN 7 R HIHFAE DL iR & HY -
e Rel-16—Scell{fKIRF5T~(dormancy indication) : Scell{EZE %7 & R i i B ThFEfE
e
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e Rel-17 : FHEEHPDCCHESZE + XR{HE 1% 58 b a8 s FHENR -
e Rel-17/18 : 1#58%ICDRX © B4 CDRX A HA SR G iE iR AT -

t System capacity

Latency reduction from EZE optimization

[E1-26 E2EfE(EZ 5 F =

R R R AT SGRUATEF{EAR EXGEEEDZ R - Frif e SRV ARSI T -
(1) EHEAVBLGERE « FHREESG NREETTXRIFIEEN/H

() REEERHEEES - B R LIRS F PRI SR -

() {RTkEsfERtE - BR3GPPIYTRENIEL A E(L -

4) BSIEAPI - i e R TIE RS - SRR s Rl R g s TR -
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(—) 5G and Beyond Radio Access Network

1.  Fronthaul-Aware Scheduling Strategies for Next Generation RANs

A PR A NIZE2E e i SR 5 y(CTTCO)AYSandra Lagen - #EfTH <5 - FE0LER
o BB L E AL (cel) = —{ERT{#H (Fronthaul, FH)EER ML RIS PSS » 2415
MrABA B VBN RERTHE R RS - SEANEIR2ECRRN SR /% « s sCFT
RN RS EAI N E2- 1 P » HEE S S NE RIS RY, » EEEE K KnfEUERRTS » £457
BB Tt (Distributed Unit, DU)FI#H4R 28 B 7T.(Radio Unit, RU)Z £ = FH{E /M » £ EA8HIE
ot - = BT (Centralized Unit, CUMIDU—#EE M BEE—(EE R ERED » SERUAR—
{EERERER Tt - EAVFHERBEREBIRIE A ATRVEIEA R - R ATREN T ETERS
HIRAIFRET - TyrIERFHEERRAR - LR E RGP EERN RS 8 -

baseband unit

remote

i GO
gﬁmdio unit L CU, UI" :
f o 2 o T = )
) Al ot
f= RUI 3 : DUl Hia N
o bitsss]
UE 2 N
ﬁ ~ logical entity
=54 ) )
UE 1% “’\:_ RU\ [:l physical entity
VERE L % " fronthaul

UVE K,

[B2-1 ZELES MR S 4R

2. Downtime-Aware O-RAN VNF Deployment Strategy for Optimized Self-Healing in the O-Cloud

A fE A AT 2RI A H brahim TamimPTER S o MBS A FIRE F R A 095
BRI » (THHERR TR SRS R ERS RS SRS - MEBISGHRHE ] fEFr s AR 8K -
Az A B & e B S AR 32 A 48R (Open Radio Access Network, O-RAN)TE B2 = 4885 14
AE ~ BUEMENEMRC EMEEEIE A FE Y — - ORANFIF A TEE - E3HE - YRR ThEER R
{E(Network Function Virtualization, NFV) 1§k & & Z4d1k% (Software Defined Networking, SDN)Z3#r
iy 77=0 - (HiE SRS DA B A AR 0 7 A e B AR -

[E2-280R T 51ERA S T HYO-RANZE RS » R T B E S (Intelligence and Machine Learning
Modules)i=i5 7 BrAHIE ~ O-Cloud & BAF R 48 FIAYO-RANFE BEAIEE THAE (Virtualized Network
Function, VNF) » [ o] FI A BB EA LA B A S EhRe fVEEE R AT EM SRR - BIMEE
23t FRO-RANME Z B = » H b T BIRF 4 R 75 £ 175 51 28 (Near-Real Time RAN Intelligent
Controller, Near-RT RIC)HERIATVNFE FIAF &5 = (Regional Cloud) I » fiiO-CURIO-DUSERIHIVNE
RIFERAE E 4 Z (Edge Cloud) £ » fEEEERSC - BO-CloudH BEEH EO-RANEE ST —FE (B EED
FRIE - DA AR D 48Es B - B RFE MRS Tk -
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O-Cloud Cloud Hosting Platform o

[E2-2 O-RANZEfH
{//\,;a'\ O-RAN SFC
Regional Cloud: { b&zﬁ)" \\‘ s
*  Near-RT RIC VNFs X 3 A 3
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[E2-3 O-RANEIZH 5=

3. Resource Allocation and User Pairing for Opportunistic CoMP in 5G CRAN

IR P T I A AT A AR A S P A TR R - ANIE(2-4Ff7 - oy B ESAE T
(Base Band Unit, BBUSEfF EltE - 82 Bt 48RS (Cloud Radio Access Network,
CRAN) * {E5CEGE R 24 » CRANE—TEE AR - [##adE IR & (Collaborative Resource
Management)i2CRANZERS iy — (B B85 - A0E2-5F - —{E A CRAN  H % EBBUFTAH
R 0 AT » i BN ELR B T (Remote Radio Unit, RRU)FHE#EE MY F 3% (User Equipment,
UB)S G AT o B TR L FRE » (&5 17 25 FE A 5 (muting) SR 08 S IL ] Y (Inter-
Cell Interference, ICT) » {E [t /775 @ FEARE TRAT A F R (resource utilization) = PRItL » B TR =0,
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VI - 17382 8E(Coordinated Multipoint, CoMP) L At e HH A EL BRI 0T T-H8 A7 »
CoMPHE —LEmkE, » R B EZEN (S E A ETFEH CoMPIE R AT TR 2MIRIE - B TR
AR - MR BER R T — R T A o A EREN SR TR A M i B E
CoMP - I 75 & tHEZEHI(E B T 5 | AMIRCIERHIRYSE T 2 BAREMEi Y Br & TR - 1Mt
HIEESREET » BRI (muting AICoMP) LGRS » FRERAY 77453 B a] LR E33.1%F112.6%
HIEMHE -

S e——
BBU Pool \

B
[B]2-4 SEhmiEsR RE AR 2R [E2-5 EhfETE

4, Reliability Analysis Of Grant-Free Uplink Data Transmission For URLLC

A Ve A A 22 1 {2 88 A Yuncong Xiefu4E A HEf TR - SGAYRB AT SERI{EIEIE
MRS A B 048 (Interet-of-Things, IoT) AYBHSERIAT 28T » SCHLERFRAVAEBEA o] 52
SORTREEER AN GREENE - SomEsEn It E s —Eas
BTN R EfTURLLCE 7T - S5&MIEERNIEEEMET ESAEENS > Ea
ATEHE R E R LEERIEE - WE2-6FTR » X AIEEEITURLLCEA FEFEFAHE 1T
g 7T A A SE MR OE - {F & B e S EIE R RN E 1T 5 A5 R 5 1T #3557 #2 Markov
process) * ZAEHEE I BERSHVET GLIE R AR MUR AT FEME AT I FE AR - 30— L T > B
‘RIEBRL T — IR EfTEEmaEss -

RRC

Packet RA Comnection Uk UL Data for
Arrval Response Setup Grant GBRA
GB-UE
E Time
Conventional grant-based acqess
RA Preamble RRC Schednling
Connection Request
Request (SR}
I
Packet UL Datawith Preamble,
: for GFRA 1
Arnival
Grant-free access
P Time

Laltcucy

[E12-6 PrEEIE R PR aE
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(=) Resource Management in 5G Networks

1. Virtual User Emulation and Resource Allocation Designs for 5G Mobile Wireless Networks

A A BT A 29K ai- Ten Feng 3T - fig—FataEEE] - 5G NRIKER
e i BAEN RTINS 5 HERARIRE - 28I - EBEMENRER T
&1 S B (Inter-Carrier-Interference, 1CT) » £ SGHYABERF A2 T Sk - S3HMERERZE T
KEWEATRIERT » BIS SRS B% APNESIR e B R EMES - {115
Esasrh > R T — TR KR FER#5(Virtual User Bquipment, VUE)REZ4E - HPVUEEEEE
AR TR R A R4 A S VUEEER - [B2-75 s U A VUERS B 248 254 - ILVUE
KR 20 A0 E LA B — b (o P TE AT 4348 %% T3 (Orthogonal Frequency Division Multiple Access,
OFDMA)RZATHISG NRYBES - M4 MRSC PR H R 4R BRI D)2/ 78K s fic(Antenna Selection
and Power/sub-carrier Allocation, ASPAYTIT » STE R AL AT B ER Y Z 4 A TR 25 -

Sal real antenna

¥ e 2l Yoo R o M
s g
b VUE2 . =k
VUE1 : Base Station : &
L 4
' i ' VIEN
VUE Gene
a‘ = & UE Generator
A VUE N-1
Real Signal s
Virtual Signal -~~~ ->

VUE: Virtual User Equipment

[E12-7 VUEHREEE 281

2. Dynamic Resource Allocation for SDN-based Virtual Fog-RAN 5G-and-Beyond Networks

[ 2 Py 2 8y B 2 2 4 EEL 5 A2 (Frederick University)#JChrysostomos Chrysostomou#(#%
EFTREE - TR TR EHA SDNHIRE B st B B AYERS (Fog-RAN)ZERE IR R fl i
SGR THAENER T AR RELHNEEHE - hT REYHERSHFMER  TEH
BERGEA EERA AR EN R B AH - MiEmRaR Ui T 25 SDNAYEE #tFog-
RANEYBIEEZ R HiE » PR > 2o REanE2-8Fr - a8 bl PR E T (RU)
BAME: - 4R 2K (Physical Resource Block, PRBYZCAIRULHESTEC » LUREEE A UERTRIA
MRUBS > (e MESERETIEE - 5k fEEBHIE T —(E%E & &R (Multiple Knapsack
Problem, MKP) » EAr/MEAI R4S 78 RR UAI KR EE4H B 7T (virtual Baseband Unit, vVBBU)AJEE -
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[E2-8 FEASDNHYJE HtFog-RANZEfE

(=) Network Management and Control

1. Low Priority Congestion Control for Multipath TCP

I3RS EH F BIRFE R T A ZRHY Yuan Zhang TG H: - FF % FE RIS TR M FEARS  (HATLA
B DR IF EIPR e AR TS » T 2 & A B A0 2 ER T TCP(MPTCP) ] PR L FER e F AR5 - Befit
FAE R ORI EIRIEEE S ¢ MBSl R ZEZE4EH](Low Priority Congestion Control, LPCC)
HYFE - BT R R B cAE M R SRR TE IR - =48 DL Wit B 4SS o] DUR T3
o PSS » ZAAMELANLPCCHERIRNG A5 18 R B FR IR > A IR EE AR
JEFRRIFI AT - EELFEERIEIMPTCPA 39/ - FEItRan CEet—TE L RIS LPCCHIEH] -
Al SRR EES 5 E#(Dynamic Coupled Low Extra Delay Backeground Transport, DC-
LEDBAT) - &3 A 7775 DUMR/ NI S RS M & i/ NV IEERS R » e/ ME T RECRAE EI
SEaRRIIEA 2 BRI -

2. Monte Carlo Tree Search for Network Planning for Next Generation Mobile Communication

Networks

SR HA R KR M Z R ETHRE - B0 AR T 2R ERERERS T
HUAERE AR EERE - Erh 2z SRR 4R o] DI R R AR HY T i ARl MMEA (OE2-9) » DA A{E4ERE
HEFEHENASETLR - BEERGGELESELME - AIETEREN KRGS
SUAIRERRER - (EB R LB LA E HARE R IR Makov) A HBE  WWHE 7 —HEZE
SR 252 (Monte Carlo Tree Search, MCTS) /772: » I/ ATE RS S IRBEENERE » fF 24
EHE T HERRICENEEAI0BL - - FEEEERERE - MCTSH AR FERE R G ENS
HERRZERE] o BN ARV TAE » ULRERE ST IR A BAVEEE -
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v

E2-9 BIRETTAL AT HEA

3. MPTCP under Virtual Machine Scheduling Impact

AR HER A AR A S e A Phuong HadEf TR - —FAAELH T MPTCP
YRR [ TR EIRE - EATENEIE L (S s - (Emiee 7 EERRE
M - BRI MPTCPIY TVE T oe ELAE AR A SR AT RS P ERE - BARLEIRY - Bt E S
il KBIEFASSELEEMALE S 55 5 E BE#(Virtual Machine, VM)FHEEREAT -
A HZ=CPU - HASHAZEMPTCPIEVM S Z & TRYMEAE - WA VMEEE & BFrAMPTCP
SHRIEH-EEL AESE  40ED2- 107 BEMPTCPHYEH: £ ka5 SNDREIRIF EHE 1 » A8
HEZEN IR » SRCETMPTCPIEE4ERs T RYREEMAE A - ACAMPTCPR T —{E(E
{BRRA  EAEMPTCPE T E L RE B Al i 4 S BRI R SR LI 5 1 7 VM E LR - BEasi RRH
&2 IIMPTCPAE Em4E RS h Y M AE L RIEMPTCPAE M 25215 1780% -

,‘.3_: . —M+~
= Ts30 —x—
= Ts120
g_ 100 | Ts480 — g
E =]
2
° M
}ZE

? 0

Time (s)
[E2-10 MPTCPEH =

4, Concept Drift Detection in Federated Networked Systems

S B I A TG A NS KB 11238 A Dimitrios Manias 3R T8 5 - fEE T — ({48
BROTERE » RIS A EKT - B (Federated Learning) ELHEHEE Ky & B A 73 A\ 4G
FIRESREL © AT BUTfIASETERER % CESHRMEEY - FREEFREE
PRALAY RS SSS R TS » MES S B EEIRIMERE - W PTREEBURERR - B T FHEE
BTG RN RIS » ASCR I T — RS ERE Ml 240 - (EFIRRERRORERT - WAE=
A% 245 (Intelligent Transportation System, ITS) Ry BT » $EH T —(EFERE R ACTAE EURAVAESS -
AR T —(EHELE » FEFAFI A 22 B R AT 38 A AT ACRORIARERS 248 PRI SRS -
3388 F A3 2317 (Principal Component Analysis, PCA)FE{EAE S S RTAYLERL - F]FIKMeans
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S SRS L R RERE SRS ENEL - A 48R TARERE /48 T ITSYE Rl -
HAABESA T E2-11F7R - BRI EFIERE 24 -

s, Core
',f/ -\\1 Edge Network
fssted e | T
. Intelligence ) * Eil
N AN R ™

Vehicular Client

lz 11 ITSJEEZME%A

5. Balancing Traffic Flow Efficiency with IXP Revenue in Internet Peering

A EHERE FE Y T 25EAIMd Tbrahim Ibne Alam{E 4= E1TREER - BE5% » ZEAEYY
PEAE g AT 1 BE(Internet Service Providers, IXP)AY 48P 48 R& IR 75+ -5 (Internet Service Provider, ISP)
Z BIHVREH T - (EE DT T R L E R s MBERAIXPYL A » {E R IXPUTH £ EE
i ERRAVR R - FRIAFE—(EHERARRA SRS ERE: - 3F BB IRREER
BT LAFHISPAYZE TR KB 4R AV TR LR AR M S B2k Ron - I A ¢ Peering DB JE/S AV EFEIXP
BRAVERETAVEEE » M IERE IR T A8 baMERE IS DU B (ERE » H g ERIFIIXPUL
AERE W SR EE A FERY oA E © [B2- 128008 2-1353 51l K 2 TECAE # (polynomial delay)FIHE
BX AL (queuing delay)FE#EPOATEIVEE R - (EIXPHYE IEBIR AT LE AV TR SR dh 4R 5L TP S Y
PoAfHS5E &5 RIS bHEAN - W B R ENR  FEEE N THY PoAEMESE/NR 2 BN/
RPFEE B > TR e S EREE0.45810.55 0 EaE N FTRE PRt 1B A IAIU A 2 eI 89 R4 -
i Lo B A (E A 7] DAY Eﬁ%ﬁ@ﬁ?’f LEERIXPEEEFREEHNVEOSENEE -

2.5 e 1.9

%—pcmsm n=1} Fi —é—PaA(swy Ui-50%
- POA(SW), n=2| ‘9 1.4 |~ POA(SW), Ul-70%
¢ PoA(Rev), nzl 3 : i+ PoA(Rev), Ui=50%
% PoA(Rov), n=2) AlRev), Ut=70%| |

1.7 -
16F
E:

155 ™

PoA

14+

1.3

1.2

tdlk

¢
0.3 0.55 0.L4 0.45 0:5 0..55 O:S 9.;35 0.7 :),3 0.55 0.4 0‘;15 D-.S 0.55 G‘E 0.65 0.7
Value of K Value of K
[E2-12 HEEFPOAE (X TELIE) [E2-13 fEEEPoA(E (FERKIEIE)

6. Flow-Level Rerouting in RDMA-Enabled Dragonfly Networks
A B iy B P B AR il AR Y Yuyan WulETT <5 - BRI ES MU RFIE - IR UL 4R
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(Dragonfly Network)3GEERT DI E/NEE ~ EHEELL - 28000 > E5E T 8y B ERTH
(Remote Direct Memory Access, RDMA)AJIEHEAERE o » BAREEHE AT EANBIIRERSR
R BE TR B R A T - RSB TR » By Tk DIl » 560 iT T B RDMARY
ARG o B A BB - SR1E - R T —RE R DURIBRS R BE SR - EEERE ST
WA EER R - ik BEEREET  (F HIIR B 50 RE A (average flow completion time, AFCT)
FIfEfIEH 8 EE LI A EERS TEENMEERT - BlREHERESIT » 9L
TR GRS T » BFUGALHIAFCT AIEREK25% » Bt 8525 13% - (HARis g
B P AR A R 7 A B ST FRDMARVARRL VSR A FR S - AL - ASG R T E B ERYE
PR - Wi 7T —HEEBKEUGALATREH T 5 ©

(') THz communications

1. DFT-Spread Orthogonal Time Frequency Space Modulation Design for Terahertz Communications

AshSCE 3 AZE Yongzhi Wu + Chong HanfllTao Yangg3k  AMfza(TH2)ARECHA(E
B EEE T S ERAMNRBREETEARAES - Al S SEENE M ERUE
(Doppler effects) 15 B IS T2 L (Peak-to- Average Power Ratio, PAPR) » ASZHE H —fElBfEAT
{68 Y7 B 0 P ] T A2 HS A 22 [ (DF T-s-OTFS) s 88 5 %€ » DA E iR - BAIERC /4R 26 1T
(Orthogonal Frequency Division Multiple, OFDM)AEEL » fETFAEEED NIRRT T - Frigtiiy
DFT-s-OTES AT LAF&{K SR FE#(Bit Error Ratio, BER) 2{E# &4 - I HEZOTFSAREL » KFPAPREE(E
4J3dB -
2. Intelligent Surface Optimization in Terahertz under Two Manifestations of Molecular Re-radiation

A B2 i35 Virginia Tech# 32 « Afhz4(THz) @R E R &2 2B F AR 9T 2 fH
MEEFAEEZEEL » GRS TR TRHES « 40fel B by T oI B e
B MR B R EENSRE - RIS EETEREER B ES - P E RN EES
—{E R B A M T AR RS T R E RS SR E U R R & - W
[B12-14 » FEASC P B REGEIFZE 7 15 12 R i B e 1 152 T ] EE R 2 23R 1 (Reconfigurable
Intelligent Surface, RIS)EEEN A 24 Z LA AL - A FIRIS B E B R 43 b {8 (virtual Line of Sight,
vLOS) A Te A ABUER IR HEHFE - WIE2-15 -

B SRS T — (BB LHELS » A6 F FIBCD(Block-Coordinate Descent) i 5ASR K B E EE
{ERISHC & ] 2 FIBEUCR 5 AR TF (Beamforming) 2R » #[EI2-16 » £EM BARETERISHICEARLE » Rylek
LR (i F B4 T B G 5 o [CIISCAE SRR - £ TR MR R © - 5
ML ER T EHFHAE -

0 Assumption |: Modeled as additive noise

hxy = \/7(f,d )FLOSE}%@ Re-radiation Noise Variance: o2, = o2, + o2, O @,

my my

0 Assumption 2: Modeled as scattered NLoS signal

b = ( U s % 3= w7, g)ﬁxy) == Re-radiation Noise Variance: Zero

[E2-14 WAE{ERERAYEEEA A
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[E2-15 EHELoSTE

@‘
§Receive Beamfogmwggm;‘_

Initialization :> RIS Optimization
| Optimization Hant.. |  E——
| Initialize @gwith R 1 max o R | : Trt¥lg)
~ all-one vector u’  ufSu | X TeMe W= 009y
_________ |y 5B | T st 0,
EE_S_“‘BII | [®], <1, ¥I=1,2..,N+1

§ i
1 T A
&
L)
b
b )
EE
=

' Make sure the Gaussian

| objective value is | ‘Randomization
| increasing [ . \

| INCreasiig | pepeat from receiver

I .
| optimization till solution for @,

|
| convergence

[&2-16 FIFBCDEEAELRISECE HEFAFUCH RS

‘1 - Extracts a rank-one

(1) Optical Transmission Systems and Processing

1. A Real-Time OSNR Penalty Estimator Engine in the Presence of Cascaded WSS Filters

R IR BH(WSS) Ay Y 8RS 2 T » PR A7 e yE B A IR R 22 P Tk (B = JaaL i 25 -
GRIM » WSSE 4R b H R OSNR penalty » i WSS &2 %71 & 2 fE 4 1 45 F YL E& 22 OSNR
penalty °

[ - 212BBRbelows |
* 22128 BR beiow 10
Training 10,5] dB [5.10] dB [10,15] dB sl XIREOA bobOW 155
1 Mode l | E_g_:

383RRS 00078 . £

128x2BR10 0.019 0.146 - ]

[28%2BRTS 0030 0208 0966 z

128x2BR 0.141 1010 2003 o

12850LM5 0.061 B g

128x2LM1D 0.117 0471 - £

128x2LMT5 0276 0.763 3406

128x2LM 0.029 3548 35856

5 10 15
Aclual OSNR Penaltly (dB})

E2-17 MSEEAOSNR penalty4s s
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) FE A 4 e (NIN) S B2 RS A5 it WSS T #5 i 2 OSNR  penalty > £ ek A~ [5] 31| 4 &
Levenberg-Marquardt(LM)¥3Bayesian Regularization (BR)  » #I| 5 /782 2 (Mean squared error, MSE)
Ve B simsesy » B pChTE RIS B3R 22 MR{E 2 OSNR penalty ° [E2-17 &MSEELOSNR penalty A4
o

AT BRI h AT A T3t 2 SRR £ » Ty AR = DA A PRI EL TR e] R R 2
OSNR penalty » FHEREE F#HEQoT) » B HEEE ATISDNYER A AT E B -

2. Deep Reinforcement Learning-based Disaster Recovery with Mitigation Awareness in EONs

&R RS E T YL BRI ET, - B8 2 RS I nTREBIRE A YR IS EE A T3 5 » T
PRCEALE  EERESI FEREER SRR o BEEENE  EtEREuniEE
B oM 2 42 (mitigation) R (43 BIAN T B2- 18 4T (1 4 (i i) » DU R LR IETE 2 &
ERRHIGETEEERZTR -

E2-18 KEF@EENEAINIERE

FEEMEIN S EEEE Y HEEE EEERE AT K EFE OLRAEEN R |
FEMREN » K B8 YRR IR 2 R EWEER - MAZ K EFE LIRS
EE OIS RS E o FEREiE - Hoh > EFRGMEAT (mitigation factor) h - [EH&R 2
R EBLL (1-h) &2 FERHEERETE -

STSE revenue YRk BRHERN > penalty By tEE 2 FRAERE R AR Zrevenue EE
] » EE B SRR FT DeepDRAMA EE » A[LISEA T E2- 192 455% » eSS LallprHe 2
SHEEAAET R EEEWE 2 penalty ©

6000 — No mitigation
@ No degradation
S000 BDeepDRAMA

5000

3060

Total Penalty

0 400 600 800 1000 1200 1400 1600 1BDO 2000 2200

The difference in radius between the mitigation 10ne and dissster zone (KM)
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