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1 Abstract

I n October 2020, vivo Communicat6®ns Rese
whit epapaéiids prab@oissfidlann f reely connected phys
i nt egwoatlTebdde f i r stiDwhi t ap aghdeape c2t0sqBan)hr ough
concrete use cases, a better scenario of d
The second fieowhi Yiepiapme ntRegainde®, halvi drpgesa
preliminary analysis of the technical Vvisioc

I n the past two years, the i mM@uesntviyces (gr
and key capastihe trye sienadricchat @ Gtk edye veerdt alpimemdg
technolpogige®ifRid ngppget her wi ¢ dnouwawtmed roturser s,
anal ysies eafmadthG b usidreisweampopdleilcsat i.onv CSRelenar i
has belesno i nveseadchpn evaluation and technic
architecture and Tewn ab Iwhnipgr etsepcahpnsor etshgea elsaht e s t
findamdggyspreliminary views on 6G services,
technol dbgi es haxpeéedbti sedwhite tphae ede watldp nceomtt
6G echnol ogi es

2 6&Eervices
2 . FlIr o5Gs er vtioce6sG s er vi ces

From 1G +to 4G, mobil e communi cati on sy
transmission of i nf or nhaatrigeemmu wi t At it he anap a

hi gheratdaatand laowerw Igethemray.,i on every decad

5G supports threee.MBBaEgeh asnncerdarModsi | e Br o
URL L Wiltra{Reliable LowLatency Communicationsa n d m MNTaSsive
Machine Type Communicatipn. 5 G mxIpialne scommuni cati ons fr
oriented mar ket to thealpmptitercmet oesidsa sTikbhdGn ¢S 0:
tel ecommuni cat i osnhogdr vmecses$a lgpw acsheamadsirRe e
mul ti medi a subswisttle mf  Vbh MS) eménatn cgenmeert ast it @
real ti me comMWCHIiG@tprode MeleGe doaotbainlnee ct i on
with different mlo&nGRHnrdo upgsha(mieel jutnrcdli ons ; 5G

provides services such as UE pogiatritoni ng
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applications bl Nemenaonrsk oEfx pNBETr e o Mmoot iAdPH)
(Application Progmeawomni@asp, e o ¥ addgeep mp ut i ng
ser vriecaldiyme a ns hdeefp| oy me hatcicoefss edge computin
Il n summary, 5@e rsfu@rpma ntce hdagrmmuni cati on ser
and I n,d uaibndficersmat i on SBEWwoO cietsi osnuanhg  aasn d n e
inforemapo,sod@dupports computing services th
ME C.

Towards 2030+, peopl e wil/l pursue a bett
industry will greatly improvmapagementi owi leff
bring us a mod ebehaaurtmofnuilo usséWhcainal s emwii ¢ @ mwin lt

of Per

Theechni cal rod q utiltee ane[itfed sceeacno b de
whit epbDapgert al bcdr R&O3IBHtmmari zeddemand hr ee

connectivity everywhere, ubi quitous and sc
intelligence,fi6@ihseiroang,ut caenmb @t oem ege® he

6G vision of a "fldeglyvakctonntewgadded?&d@ hdn
beyond, 6G wil| build a ubiquitous digital
physical world and the digital world to re
It wi || provi deeatriiocnhs btuos i meekses aarppdasy and

promote an efficient and sustainable devel

Reail nag freely conmingdttead pmieguouabiiegali womulsd
sensing and informatiooncoaamptvwedi@ane ead pa tialli
acquisition of the physiarmdonwoerrigde,d whoingpuit ti
(incleompgti ngg,nidet et hggende®) bwapabiagl idtiige st a
andtrong communicationcoapabiliboni bsetiwveeachh

and digital worlds to support digital apecg
Therefore, communi cati on, i nformation and
fundamental capabilities ifcoarl baunidl ddiingg taa lf rw
wi || natively support communi cat iamird,! i nfor

ser vtehnea $ wor k icndromrentastticompport the efficien:

devel opment of future society.

As shown in Fmgumiecadti ocsnu,pebbascioc i nfor mat
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computing will dfef ¢ noess yt hiyySeet smeg varmcae st echnol
ofcommuni cati on, i nf o,rtnoagteitchna eavrmdmad@mp @wt isn g
terminal s, Il-nobemplutgenti nhemanti on, i ntegr a
technol sgulidlsd a freel ydicwintnelct edwwhhthybbtied | w
Supphirgi t al l i fe, digital goOernance and di

Digital Intelligence Production 2030+ Digital Life 2030+ Digital Governance 2030+

Clothing/Food/Housing
/Transportation

Le - .
et Entertainment Medical Treatment ~ Healthcare

Application 'T§J

Digital World

The Freely Connected Physical

i
Vision @ % ﬁé and Digital Integrated World [
-

| Inteligent Human- | |
New Terminal Computer ‘ Gis ; New Material || Others--
Interaction |

JiNg,

Super Converged
Communication Computing
Technology ; tc. 1Pvs, .. () (B information |

Lo TR PG FAD - e S merawication System& Technology Computi Supercomputing
2 A | System& Technology | ! | | System& Technology | =, s
Enabler . NB, e

6G Network Information Cornerstone

Figure 1. 6G buil ds di dgirteall yi rctoengireactt eed wp
Super commsesereatcieon

From its inception, cellul ar mobil e comr
seamless communication andscenatedowivlilty i
continue thisanprevbdecsmpesi communi cati on
hand, basic tel ecof@winlilcasupmpmorstervneweser vi
i mmerekxwvemnmdcead i tyhol Xdknaphic taenldespemmgdscern c e
intercdh+n@lot addsi@G ironc ht onedi aSM8Jinc @ ,h eviod ehee,r
hand, 6 G mobnkxdmwaihaes wi | | contichatato i m
ratel atency, reliability and mawgearosdther as

increasing the val uet-enfd sfelrevxiclkeisl,i twi tan dnoa

meet the needs of individuals and industri
time, 6G will further expand geospatial co\
i mprove the accessibil ity soufbscconabeedrtsi ealsi z e

t he free connection and i nformati an transi



6G Services, Capabilities and Enabling Techn

worl ds.
Basiincf or mati on service

6Gt er mi nal or base station equipment tran
and meanwhile can measure the received si

information of the radio propagation envirc

such atsi olnoc speed, darn magi hgn, smapertahg r
applicationd namddsd¢emar,i @as. a ubé@wilttousl! vy
generate a | arge amount o v h esaulpwaolrite nlga stihc

connectioe pbayweenlthCompagetbalhwawbplbdyi des
|l imited information services on UE positi ol
i s expected to provide comprebengi medwi r el
further e n hrafncremanteitowlo m kKraalwii & ii coonl, Ip @6b@ i ca n

i nformation ofseindgad#mma@lrS e sGesougcrhapahsi ¢ | nf or ma
i nf or,matmponmwer al l|l. wWalidssotctmn Hdupéi ce@dedon

t hhenf or matiifdembkewst ryshppbummarygyn 6G basic i
S er viinccelveu d esl eensseinnhgg,nced net wor k amguobrimact i on

information of i ndustries
Conv ecogmpdi tsiergvi c e

Computing powerrodiuscttilive t wew n. ttlhien cdliugdietsa |
mul ti di mensi onal r € § g ucrocmgps tds usctho raasg en e t1wio r &
system based on 560G, the computations requi
performed at the t%G@ m3 ynetiregd pdvli ideést wWeemr | oud
rmandlcl ostadassersvtet he c dinmpga estkoswoenv &onfy cno mp u
w s e cases such as I mmer si ve XR, i nt er e
| | abroorkbaetui tvoemat ed acdhrdsenmud griy 1| nfBedmddridnect i c

»u 9 O S

e
e
0
ppear i nThtehempué aenegh,i | 9 ucddens@alst i ng power , S 1
nd intet hiegermramenitneaelnoiugh to suppadhd t hese
a

teatdhye cl ocoadmetetet hsofidlkeeamduseduebbes

i stAIntckough depl oyment of MEC in 5G netwo
e ,catles conver ggmce noeft weeemrhopulgher onuogth t he

onvergence of mobi l&eG nhinlwlearntlkgveemwdetrbgeendhb ut i n

o O <© Qo
wn

o

mp ucta pnagh7] | ectapghr ovi de tclweowmprugedcd gnseoudi ogs
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AI(Arti fici al tlhnetreeifboirgeegcbi ghly i ntegrated

wor. ds

226 Gerivcus ea s e s

As mentioned earlier, 6 G wi || provi de
communi cati on, basic information, and conv
services, a variety of service use cases

el ements such as service users,Fosenrwidde ,| o

morservice use cases wil |l invol ve dmwd or toh
i nformati on ser vancdeosmp ud 0 mrgu nsiecravtiicoens , and
i nf ormaddommpmut i nAud emaiteas dri ving is a comp
t hait muelotuassre gui res communicati on, i nformatio

di agram of 6G services and service use cas

Communication

Holographic
telepresence

| Multi-sensory i
| interconnection | | Immersive XR

Automated i |

Rada Sin
driving ACAnSEEE

i : B | Collaborative [ i M |
| Motionrecognition | robote i etaverse }

Public information £ Interactive 3D virtual
5 Imagin: e
of industries ging digital human

Information : —= Computing

Fi g6 @ ser vieaeressea@aeaases

As the future soccioalnenwresctooonmek ricnfadt matt be
of 6G servi ceBhdssortsG6 6@ pea@litibeéesonnected mo
subscande@B&r ThseerTvoipc)e providers Thet housa
coannt efvieGes i ncl ude tishugeeer bcacmmu nsiecravtiicoens
information and convergadi eoypoti agrviase we

from thasitecbornvn®gersat ors provide various seryv
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di ffeusenaetmerraduhgegh net wor k i nfraséGusystremand

const i tfuutnidnagmetnhtea| olbGs isee ¥3 cleogiycst em desi gr

OTT Application
Servers

6G System ’—Tﬁ] E||;|

Communication Function Computing Function Information Function

‘ P
6G Terminals 1‘3%

=

Communication Service Communication + Communication + Computing +
Computing Service information Service

Fi g836 & er vsiycsetse ms
3 6&apabilities

6G natively supports communications, i n
i ntegrateds sEeppoditcd exc.hn®d ogy sel eowthiiocrh and
enabl e these services, b6Gwhkiaplhbidei piee $ on ema

indicators and @&fpernfeoicman naiicradioc at or s r

performadeeviotes, which direct]!| ¥ huesfefresc.t s t |
6G efficiency indicator sher gdrilaeftit6 G hsee rcwiscte s
Defining reasonable 6G efficiency indicator
net wAs kshown in Figure 4, 6G performance i
perfor mance, i nformation pecéor @&ned faocder

indicators include specctosatl eeffffeitcati eennccyy, e n«
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Communication
Performance

Spectral
Efficiency

Energy
Efficiency

Information
Performance

Computing
Performance

Cost
Efficiency

Figae&@erformance indicators and effic

3.61G performance indicators
3. PeXxforimdncetetwwpgesommuni cati on

I n orddeekit Gt @ o mmuni cati on ptehsd i Mancapipnodiac
can be followed as in 5G comnuuwunti cchd maomd ipreg
much higher requi rTeomesnutpsp ocrot mpaadrveadnscteodh 5sG r v i
aholographi¢ Ttetepliéegente i ntrefad aneimon.,e i mme
control, and intelligent connection of all
and user experience rate), communication |
performance indicators are sevrertahhaatt i mes o1
5G[241 QT he definitions and suggested val ue

performance indicators are given in Tabl e

Tl eColmpari son of communi c é&teit ose@mamd o6 Gran c «
Communi (

5G 6 G

requi relrequire

perf orm Definitio
i ndi ca

Pealkta |Maxi mum dat a 20 Gbp{>100 G
per user/ devi

conditions
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User Achievabl e dat0.-1 Gbp>1 Gbp
experienrnmobile users/

rat e t arcgoevter age ar
Communi c/Ti me span frojlms 0.nk

lat ency packets at th
receiving the
destination

Area traTotal traffic|10 Mbf%f{1Gbi t/

capacityprovided per

area
Connecti|The total numll/?m 16 00% m

(7]

density|and/ or acces
unit area
MobilityThe maxi mum r(500 kmj1000 k

bet ween the t

receiver when
Qo S
Rel i abil|/Probability

transmitting

0.999910. 9999

o

within the sp

ti me

Ti ming gTi me synchroniMi crosé¢Nanosegqd

bet ween devic(l evel |l evel

I n addition to the above quantifiable pe
very important system performance indicator
coverndgraaer , gndunsdea t hbr ouegchh nod togli leist eo f
commuminc atnid | bhi g hdeOmpltalted oatmher hand, 6G wi |
the terminal access range, i ntegrate techn
support very | ow powanidmpertamieen aer ¢ oeramamic e a O
fiecemaveabody area net wor ks

3. Pe2for manc e biansdicc atnofrosr mat i on

6G Dbasic seff i metsude wireless sensing,
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i nfor mat.i

i ndi

on pr

cators ar e

Per for manceofi

6Gvisbpport o

i s also
6 Gensiemyi ces

fi el d soefn sriandga r

Tab2Se nsi

ovision,

di vergent .
ngle rcxait og s

bject and environment

are ,dendihhrebd e rierhdedeh bthoet 2o n's

performance i ndi

ng

Sensing

i ndi

p €
cat

Definition

Se
t h

co

Sensing ac

—

S e
S €
ac

angl

S
S i
u

ng refers

truet hseexslitng ared ul t s

accuracy

whi ch ¢

9.,
er r osre,n stihneg haicgchuerr
di

i dence | evel,

i ng
ng
racy i

error, e. root

ncl udes st and

e aectccur acy,

n
e
n
n
n
c
9
n

Sensi e Se

S i

resolution refer s

ng

Techn

sensi

supWwpohoed bysthiGef kgengemrmi ot mance

n
i

n

cator

mu

' tiple

siemhisfi fnegr @ ratr gekit me

a,ndo fp uwhii ch etnt e r pnar f

r

di

et c.

s traenscoel ut i

on, velocity

Sensi asSensing

par ameters

i ndexesacl ud

range

refers to t

under t he

i ng

prer

sensing di

rangaesi ag

angl e

range, et

Sensi

Sensi atency

ng |

i's used-t

t

me

requirements of a sé

maxi mum |

request t

atency

o the

from the

f eedback ¢

The
bet ween t

Sensi au ¥

sensri aige utpldeatienver se

wo ad)j

acent S en s
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6G sensing performance depegatiemobandwi dft
t hset ructures of tntdnmesmbedaer eof adnbecsoeutrasscwe anfd
transceiver ofdyndhler ®1Gi 2z att iegm at ed sensing an
Table 3 gives the sensing performance indi
measurements are HIisgeddldo Baett)ib@| caddatri E&MNRmet |
and the sensing accldr,racy calculation met ho
Tab88ense performance indicators for t w
Ssyster Syster
configa@aitconfi ga
Central f|6GHz 3@GHz
Bandwi dt h |40MHz 2GHz
Number ofl25/68 Bi 5128 Bi
el emelne me
gain
SystpaamamegTransmitti5%dBm 4@Bm
oBS
Int-eirte di|50m@ 20
Ref erRQS e |0.nf 0.n#
Target ni12m/ h 120 km/ |
velocity
Cohempemtc e 5ms 1ms
interval
Sensing pgDi strasoé ul0. 3nY 5 0. OnY 5
at cell elVel oresbyu|l5m/ s 5m/ s
Angul ar 7 £2 7£ 2 3.£8 7£ 2
@zimuth /
Di stance "0.nmM " 0.nm
Vel oci ty “1m/ s 7m/ s
Angul ar T2 R " 5E/ EO
@zimuth |/
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Ot her performance indicators of basic inf

I n addwitriesleensséot gh,as i ¢ 9§ enrf voimaoetidhedrema n c e d
networ k i nf oramadt ipounbflpircovat 5 0 ppmodf pidiecd s t @il e s

performance indicators include availabilit"

3. Pe3 for manc e tiomdviecragteodr scomputi ng

6Gwi $ uppgomtverged computing servingeisn such
net workt icrognp sAl ds@evioeomarmde ER25Eilincedude
achievabl e ep @&ipfleorrfroarnntaen c(e such as nor mal i ze
cosine <eitminldarciotmymuni cati on performance suc
bl ock er reotrc Arlatneo d e | compl exi ty, convergen
generalization capalbiler eygendpautamet d eopnean d ernecsy
overhead fori dgiaomimgsoumraeasanver head for m
over frhggke.r f oronfiankle services depends mainly
computing technologies such as Al al gorith

beyond.

6G computing mdrofresr mahmad di trbtee ok eetseorumicreesd &
per f or manccoempouft ibnogt ha n dd emimomyuend ciallhie® vwe st em
defsyned emel -aeadelusper f orafan&c@ d g wtaitmg sser
i's necessaryypseatseco@memmphiandgt, heseel at ed

densintdy b unidreds tsc .

I nteractive 3D virtual digital humans ar
applications in thpwWeOd@8ae tmetdatamember eofa |
geometriesf §¢aefs atnlgd efputewries i binghand i ntellig
virtual digital h uTa@r eil si monraersyt édabhna It 5u04a0h, ieCoOn0
compuddmpacgutiyr eddibiyvitrhge amd h&eBnderingl di gi
humanbeawyo | g3 at F&a OPBPO{ htoapengtMomants per s
smar t pchaonmeeststu @ahi glo mp ud @ magvela n w hhiel et, e atk
interacti betewepaeritdadecei gitalragmanesandhate
t otralutnrdi pme dedsaynot mxcded cal0 be predict
compultatnegegy i sdoe btk t vieda t ansl 0eOx cd tulde m g
| at é emcty .ans rmiag ity renderi agntdepl ogaerd thoud



6G Services, Capabilities and Enabling Techn

har daneyet ablbee rdeequayr Bnreenlt atvency -campdc ht gh

computing services required by the interact
by G syWdaesrsedihat the density of anttihee user
average time per thmer svonr thuana ndlaagpiipsssail &gt i o n
mi nuyttlees conceptheatn atni o adafe t he vol ume of <co

to the volume of compau%lhd t heouogea uitsotvv ke a

10, D0 Takibseg stumeatsa exsamp | e, thengec&dbomanc
requby edhe 3D virtweahadigi aale Ishmam i n Tab
di versopmpubifng use cases, the operator's 6

pl achnadnedp | oy ed & tceoorrrde snpge goi ngment s

Tabl.€h@er f or man coet o nmpdu tciantg rsser vi ces

. Requi ren
Per f or manceofi
S based on
converged co Definitid¢
_ digital |
services
cases

Systlem¢gComputiiThe amcwowmpuo ~10 0Der a
perfornpower (powtehat <can F L O K&/

i ndicat pecroveumigto far
mobtcbemuni ca
net wor k
ConnectiThamber of ¢~100/k0h

dendgior|service conn

comput|can be mpearovi
coveuwumigeofar e
mobtcbemuni ca
net wor k

Us¢revelPeak Thavaipabke |~10TerFaL OP S
perfornmcomput |comp upto wiegar

i ndi catjlpower single user
Comput iiThttot atency |[10nsil10mM@s

| atenc|ti me a user

request for
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service to t
computing re

recei ved

3.62G efficiency indicators

Efficiency indicators of communication se
energy efficiency and cost e fwfiircesleemssiyng whi
ser vhiecleosigp nf or mat i ©me seomp wcteisng serkWeces do
use of radi o wavesinneb ispecltvad. eTheciderc
requirements of efficiency indicators for

given b5n Tabl e

TabbeG efficiency indicators

6 G
_ Communi ca ] ) Computi
effic _ ) Sensing i ) _
_ . I ndicat o i ndi cat
indic

SpectrDefinithi @mgThe i me an|NA
efficijprovided plfrequreasyl
frequency 1nrequired

: gi
6 G reqm?.—:bonseen iars

ti mes thiadgh e

EnergyDefininimmerEnergy reNumber of

efficilbits that |compbesensoperati o
transmi uniefit ask availpalbl
energy, or of energ
energy re

transmit 1
6G requirern

Mor e t han
i mprovement

energy €
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compared tq¢

10 t o 10
I mprovement
energy i e g

compared t¢

Cost
effici

DefinitmembCost tooa|Number

of bits tlsengiamsK operatio
transmitteqd avail abl
or t he cos cost

transmit 1

6G require

t han 100
i mpr ovement
to 5G

I n addition to the above quanthntdatavereff

i ncltuhdee sf ol | oowi ng aspects

FIl e

X ®6G!| s ysyh el a dolye pd capma i netdd iGn sy st em

shalulpport adaptati onf usnncd ptoaeisladdrlien gn eon u

cas
t o

| nt
Sys

res

Gr e
t o
of
t hr

con

Res

net

es and new business opportunities, a
6 G.
ed¢ #Aitbgaesne d net wor k managementé6@Gnd O&M,

twehm alc hs é Ve xanlhé ef t maeaagement of net\
oshabtippeorted

En adds uppahritgibnegr ener gy efficiency i
5G,soppdenuse of renewabl e energy to
the networ k; 6 G wWidw padoseonus uppbOr bDne
ough ambient ener gsyo sagsp ptl@anih@mad ot he
nectivity accessi biElvietrywtdandgsuppor:t

i L6€énsgsdremqui akt ynamen Ilcy and i den

wor k anomalies, equipment failures,
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and t keenc osveelr£ warned tselguarantee the avail

of the network and services.

Security, pri vac:yé Ganrsle etdo u sntewdr tthhenense
trustworthiness, security and privacy
information and compguluitee hgesgiroe.cese aas
For exampl e, basi c i nofbosretmaviceca b n | s s v iamne
regul atuiroenstt heensecurity of data and in
privacy. Converged computing needs to c

security, data privacy, algorithm priva
336 QUsage scenari os

S x communication peridasramana¢e, nthobal ot §
reliability, area traffic capacibtagedcrnd o
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i mportance of performance Amadngatbem, (bBupte
communi daitriddhrerided i-stenbahied@dBs2bMRLLC 2.0
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systeimn addiitviekamg et s ctemari os meaoti beerdsappuce
more flexible scenarios based on super (ol

converged comput icngp slkeiolvintdyesi swst hin the
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Date rate Date rate

Area traffic = Area traffic
2 “a> Mobility Z
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Connection Connection
5 ) Latency 5 Latency
density density

mMTC 2.0

URLLCZ2.0
Basic Information

Information Information © -

performance i performance - Converged Computing o 00"

Computing Computing
performance performance

B eMBB 2.0 of Super communication B Basic Information Converged Computing

URLLC 2.0 of Super communication

mMTC 2.0 of Super communication

Figh6@&sage scenari os
4 6 Enabtealgnol ogi es

As menti oned seugprfidirgtra p abbGy hwlitlslesvi ce expar
compared to 5G. Table 6 summarizes the dif

6G services.
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Service ty 5G sery 6G servic
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connec|/mobil e demand mo b i

connectilconnectivity

Inf or mati on UE posi|Natively s u

somenet wi nfor matrivo rc e
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i nfor mat|wirel ess sen
net work infor
and publ i c i

i ndustries

Computing ME C Nati vel y c ocsmuweg
compus$ e ngii cels
cCompupgawear , S 1
et c.

To support 6G services and capabilities,

t hseysteamcti onal fmaemewotrk berd&sGi gned t o su
of 6G service use fclkeeegs.en@bltimg dtelcdhmoh amgd

studioedmeet the various performance and eff

Services

Capabilities

Enabling
technologies

Fi gur eLdigager ansepVicE@ahi | entaibeltsicnagnd|l ogi es

4 Slystfeamcti onal framewor Kk

5G pr onaiicdoensmuni cati on services {HRAECLuUuding
and provides posi tlioccrama goang € menicgt Md fifbeas ed o n
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application dat a cberyroinedd thh{eGs&ypted hocfh 6 &r & i
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enhance the existing communicatiaqgn axngr vi ce
furmbtert he transmi ssewnuseqgeihsamentmmeasfsi ve
hol ographi¢ meakepopeyemae eqatchbon neebeeeeirg n c € S

of fered by 6G will/l also be further enrich

serviceed competrgng services.

As shown icorFiegpoem6iGngervices, the exist
f uncitsiucrhs as access management , mobility m
poldarytarnlA Us er dRIt an & ) annesenti lsasreacoen Me anwhi | e,

t hhreew networkEudlhnasi eseswsing function, comp
funcheed to be introduced to achieve integ
convergence of mobil e -dhemaviom kdanadAdcmmpua ¢ ni
nati ve sHKrsanem he perspect ievxep daifee resmputcien gs
resources and storage resources required f
pectrum resources arfddrwiarldd tdes vBdbrrkes erl dseort

s
suppo+ it meeamhnagementalalnrdd dsaetihoecdeusl eitn gt hoef ne e d
S

ystem flexibility

Fi gwree&s system functional framewor
42 Convergence of mobile network and comput
The convergence of mobile network and con

communication function andt @ooagiodiipmudg i hgnct

services for wusers wi thheec ecnopnuptuitni gn gr esgeurivri ecne






























































































































