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Wkh 6G hohfwurpdjqhwlf Juhhqv ixqfwlrq Jlm +�{> �{
3,

iru sodqdu pxowlod|huv lv frqvwuxfwhg iurp wkh hljhq0

prghv ri Pd{zhoo*v htxdwlrqv lq wkh pxowlod|hu vwuxf0

wxuh1 Rwkhu dssurdfkhv kdyh ehhq xvhg wr ghulyh wkh

Juhhqv ixqfwlrq ^4` dqg wkh ghulydwlrq khuh lv vlplodu

wr wkdw jlyhq lq ^5`1 Rqfh rewdlqhg wklv Juhhqv ixqf0

wlrq fdq eh xvhg wr shuirup ghwdlohg shuwxuedwlyh fdo0

fxodwlrqv ri wkh vfdwwhulqj dqg gl�udfwlrq iurp dq du0

eluwudu| qrqsodqdu pxowlod|hu lq hlwkhu ri wzr uhohydqw

uhjlphv= lpshuihfw ru sdwwhuqhg pxowlod|huv1 Iru wkh

lpshuihfw fdvh wzr w|shv ri lpshuihfwlrq duh frqvlghuhg=

pxolwlsoh �srlqw� ghihfwv dqg vwdwlvwlfdoo| gh�qhg lqgh{

 xfwxdwlrqv1 Iru sdwwhuqhg pxowlod|huv zh frqvlghu wkh

ixoo vwuxfwxuh wr exlow ri 5 gl�huhqw edvlf w|shv ri sodqdu

vwuxfwxuh1 Wkhq xvlqj wkh sk|vlfdo rswlfv dssur{lpdwlrq

dv wkh vwduwlqj ru xqshuwxuehg �hog zh vkrz wkdw wkh

Juhhqv ixqfwlrq hdvlo| jhqhudwhv wkh fruuhfwlrqv wr wklv

dssur{lpdwlrq qhhghg wr vdwlvi| erxqgdu| frqglwlrqv dw

wkh lqwhuidfh ehwzhhq wkh wzr sodqdu vwuxfwxuh w|shv1

Rwkhu w|shv ri sureohpv fdq dqg kdyh ehhq wuhdwhg e|

wklv dssurdfk vxfk dv prgh frxsolqj lq olqhdu ^6` dqg

qrqolqhdu zdyhjxlghv ^7`1 Wkh dgydqwdjh ri xvlqj wkh

sodqdu pxowlod|hu Juhhqv ixqfwlrq iroorzv gluhfwo| iurp

wkh idfw wkdw lw lv dqdo|wlf zklfk surylghv lqvljkw dv zhoo

dv qxphulfdo uhvxowv dqg wkh sodqdu hljhqprghv fdq eh

hydoxdwhg udslgo| hyhq lq 6G vr lw fdq eh idvw1

SODQDU PXOWLOD\HU JUHHQV
IXQFWLRQ

Wkh hohfwurpdjqhwlf Juhhqv ixqfwlrq iru sodqdu pxo0

wlod|hu wklq �opv fdq eh frqvwuxfwhg xvlqj wkh hljhq0

prghv iru sodqdu pxowlod|huv1 Ohw { dqg | eh sdudooho

wr wkh pxowlod|huv vr wkdw } lv shushqglfxodu1 Wkh pxo0

wlod|huv zloo eh lqgh{hg zlwk wkh yduldeoh c zkhuh c @ 3

fruuhvsrqgv wr wkh vxevwudwh/ c @ 4 wr wkh �uvw od|hu rq

wrs ri wkh vxevwudwh dqg vr rq xs wr c @ O zklfk lv

wkh wrs od|hu dqg c @ O . 4 zklfk lv wkh vxshuvwudwh

+xvxdoo| wdnhq wr eh dlu ru ydfxxp,1 Wkh } srvlwlrqv ri
wkh lqwhuidfhv ehwzhhq wkh od|huv duh wkhq jlyhq e| wkh

olvw }4> }5> = = = }O zlwk }c ehlqj wkh khljkw ri wkh erwwrp

ri od|hu c dqg khqfh }c.4 � }c lv wkh wklfnqhvv ri od|hu
c= Dvvxplqj krprjhqhrxv lvrwurslf rswlfdo surshuwlhv lq

hdfk od|hu/ wkh lqgh{ ri uhiudfwlrq wkhq wdnhv wkh irup

q +}, @ qc iru } lq od|hu c= Wkh wzr srodul}dwlrq vwdwhv

zloo eh odehohg WH dqg WP1 Wkh hohfwulf+pdjqhwlf, �hog

iru wkh WH+WP, prgh kdv qr } frpsrqhqw/ l1h1/ lw lv

sxuho| sdudooho wr wkh lqwhuidfhv ehwzhhq wkh od|huv1
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lq Khuw},1 Wkhq xvlqj wkh �fxuo H� htxdwlrq zh fdq

uhsuhvhqw hyhu|wklqj lq whupv ri hohfwulf �hogv/ l1h1/
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lqgh{ ri uhiudfwlrq q lv frqvwdqw Jdxvv Odz ghpdqgv

CmHm @ 3 dqg wkh deryh htxdwlrq uhgxfhv wr wkh vwdq0
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iru qrqglhohfwulf sodqdu od|huv dqg lw vdwlv�hv Jdxvv Odz
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Iru sodqdu pxowlod|huv q ghshqgv rqo| rq } dqg wkh
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H lv d vxshusrvlwlrq ri WH sodqh

zdyh prghv iru wkh sodqdu pxowlod|huv zlwk vrxufhv dw

} @ .4 +.vxshuvfulsw,dqg } @ �4 +�vxshuvfulsw,/ uh0

vshfwlyho|1 !P lv wkh vdph exw iru WP prghv1 Zlwk

wkh deryh gh�qlwlrq �H vdwlv�hv Jdxvv Odz hyhu|zkhuh

vlqfh lw lv d vxshusrvlwlrq ri prghv zklfk vdwlvi| Jdxvv
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dqg wkh zdyhv duh hydqhvfhqw1 Iru qrq0glhohfwulf od|huv/
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soh{ dpsolwxgh wudqplvvlrq idfwru iurp wkh vxshuvwudwh

+vxevwudwh, wr wkh wrs +erwwrp, ri od|hu c lqfoxglqj doo

wkh wklq �op/ l1h1/ pxowlsoh uh hfwlrq/ h�hfwv lq doo wkh

erxqglqj od|huv/ dqg U.
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solwxgh uh hfwlrq idfwru/ lqfoxglqj doo wklq �op h�hfwv/

ri doo wkh od|huv deryh +ehorz, od|hu c zlwk wkh skdvh

gh�qhg uhodwlyh wr wkh wrs +erwwrp, ri wkh od|hu1 Wkh

ydoxhv ri wkhvh idfwruv ri frxuvh ghshqg rq wkh srodu0

l}dwlrq dqg wkh ydoxh ri ��1 Wkh lpsruwdqw srlqw khuh

lv wkdw W	c dqg U	
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Wkh ghowd ixqfwlrq lq �j66 lv d vwdqgdug vlqjxodulw| wkdw

rffxuv lq WP erxqgdu| frqglwlrqv ^5` dqg lv uhtxluhg

wr pdnh +G�j,56 @ 3= Wklv uhvxow fdq eh zulwwhq lq dq

duelwudu| {> |> } frruglqdwh v|vwhp zlwk ahl/ l @ {> |> }
xqlw yhfwruv xvlqj
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Qrwh �qdoo| wkdw vlqfh Jlm +�{> �{
3, lv frqvwuxfwhg dv d vx0

shusrvlwlrq ri hljhqprghv ri wkh pxowlod|hu lw dxwrpdw0

lfdoo| lqfoxghv doo qrplqdo wklq �op gl�udfwlrq h�hfwv1



VFDWWHULQJ DQG GLIIUDFWLRQ
IURP QRQSODQDU OD\HUV

Iru d jhqhulf qrqsodqdu pxowlod|hu vwuxfwxuh/ l1h1/ d

sdwwhuqhg ru lpshuihfw pxowlod|hu/ wkh zdyh htxdwlrq/

Ht+4,/ lv dv jlyhq deryh exw zlwk q @ q +�{,1 Zulwlqj

wkh gl�huhqfh lq wkh vtxduh ri wkh lqgh{ ehwzhhq wkh

dfwxdo fdvh dqg wkh �forvhvw� sodqdu pxowlod|hu lq wkh
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wkh gl�huhqfh ehwzhhq wkh uhdo vwuxfwxuh dqg wkh sodqdu

vwuxfwxuh/ vxevwlwxwlqj lq wkh zdyh htxdwlrq dqg �qdoo|

xvlqj wkh idfw wkdw �H3 vdwlv�hv wkh sodqdu vwuxfwxuh zdyh

htxdwlrq zh jhwk�
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lv xqghuvwrrg wr frqwdlq wkh dssursuldwh

frpelqdwlrq ri pdwul{ pxowlsolfdwlrq dqg lqwhjudwlrq iru

hdfk ydoxh ri t= Wkh wrwdo hohfwulf �hog lv jlyhq e| vlpso|
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Ehorz wklv irupdolvp lv dssolhg wr ghwhuplqlqj wkh frq0

wulexwlrq wr wkh hohfwulf �hog fdxvhg e| ydulrxv ghyld0

wlrqv iurp sxuh sodqdulw| ri wkh pxowlod|hu1 Vsdfh olp0

lwdwlrqv vhyhuho| uhvwulfw wkh h{whqw dqg ghswk ri wkh

glvfxvvlrq dqg vr ghwdlohg dqdo|vlv ri d eurdg udqjh ri

vshfl�f fdvhv zloo kdyh wr dzdlw sxeolfdwlrq hovhzkhuh1

Dovr/ rqo| wkh orzhvw rughu frqwulexwlrqv duh frqvlghuhg1

Lpshuihfw Od|huv

Pdq| w|shv ri lpshuihfwlrqv fdq dqg gr rffxu lq

sodqdu pxowlod|huv1 Wkh wzr edvlf w|shv frqvlghuhg khuh
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lv udwkhu reylrxv lw pxvw eh uhphpehuhg wkdw doo wkh
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Sdwwhuqhg Od|huv

Olwkrjudsklf pdvnv ru uhwlfohv fdq eh wudqvplvvlyh

ru uh hfwlyh1 Erwk elqdu| dqg skdvh vkliw pdvnv fdq
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wlrq qhw uh hfwhg dqg wudqvplwwhg �hogv/ uhvshfwlyho|/

iurp wkh vwuxfwxuhg pxowlod|hu lq wkh uhjlrqv deryh dqg

ehorz wkh vwuxfwxuh1 Wkhvh duh jhqhudwhg e| sursdjdw0

lqj wkh uh hfwhg dqg wudqvplwwhg �hogv iurp sodqhv mxvw

deryh dqg ehorz wkh vwuxfwxuh wr wkh ghvluhg srvlwlrq1

Wklv sursdjdwlrq fdq eh grqh prvw vlpso| xvlqj Irxulhu

wudqvirupv1 Iru h{dpsoh li wkh uh hfwhg �hog dw wkh

sodqh } @ }wrs lv uhsuhvhqwhg dv
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ghwhuplqhg xvlqj wkh prgh h{sdqvlrq jlyhq lq Ht+5,1

Vxevlwxwlqj �H @ �Hsr . �HV lqwr Ht+4, zloo jhqhudwh

whupv lqyroylqj ghulydwlyhv ri wkh V ixqfwlrqv dv zhoo dv

V wlphv wkh zdyh htxdwlrq rshudwlqj rq �Hsr zklfk ydq0

lvkhv e| frqvwuxfwlrq1 Vlqfh wkh V ixqfwlrqv duh glvfrq0

wlqxrxv dw wkh lqwhuidfhv ru erxqgdulhv ehwzhhq vwuxf0

wxuhv d dqg e wkhlu ghulydwlyhv |lhog Gludf ghowd ixqfwlrqv
dqg ghulydwlyhv ri Gludf ghowd ixqfwlrqv zlwk dujxphqwv

wkdw ydqlvk rq wkhvh lqwhuidfhv1 Khqfh wkhvh whupv dfw dv

�erxqgdu|� vrxufhv iru �HV dqg wkhlu h�hfw lv wr jhqhudwh

wkh fruuhfwlrqv wr �Hsr uhtxluhg wr vdwlvi| wkh vwdqgdug

erxqgdu| frqglwlrqv rq wkhvh lqwhuidfhv1 Wkhlu ydoxhv

duh hvvhqwldoo| jlyhq e| wkh glvfrqwlqxlw| lq �Hsr dqg lwv

ghulydwlyhv dfurvv wkh erxqgdu|1 Li wkhvh whupv ydqlvkhg

dv zhoo wkhq �Hsr zrxog eh wkh h{dfw fruuhfw vroxwlrq lq0

foxglqj erxqgdu| frqglwlrqv1 Zulwlqj wklv �erxqgdu|�
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Wkh orzhvw rughu whup lv wkh gluhfw fruuhfwlrq wr wkh

hohfwulf dvvxphg sk|vlfdo rswlfv vroxwlrq gxh wkh ghyl0

dwlrq ri �Hsr iurp uhtxluhg erxqgdu| frqglwlrqv dw wkh

de lqwhuidfhv1 Wkh kljkhu rughu whupv frph iurp wkh

sursdjdwlrq ri wkhvh fruuhfwlrqv ehwzhhq lqwhuidfhv dqg

wkh frqvhtxhqw uhdgmxvwphqw ri wkh �hog glvfrqwlqxlwlhv

wkhuh1

Lw vkrxog eh qrwhg wkdw dowkrxjk zh kdyh wuhdwhg

glvfuhwh vwhs glvfrqwlqxlwlhv lq wkh vwuxfwxuh wkh vdph

jhqhulf dssurdfk fdq eh xvhg iru vorzo| ydu|lqj lqgh{

ghyldwlrqv vxfk dv d pxowlod|hu wklq �op frdwlqj frq0

iruplqj wr d exps ru glyrw lq wkh vxevwudwh1

FRQFOXVLRQV

Wkh ghulydwlrq ri wkh Juhhqv ixqfwlrq iru sodqdu pxo0

wlod|huv kdv ehhq glvfxvvhg dorqj zlwk lwv dssolfdwlrq wr

vhyhudo jhqhulf sureohpv ghdolqj zlwk vfdwwhulqj dqg gli0

iudfwlrq iurp qrqsodqdu pxowlod|huv1 Wkh Juhhqv ixqf0

wlrq lv uhsuhvhqwhg dqdo|wlfdoo| dv d vxshusrvlwlrq ri

wklq �op prghv dqg wkxv lwv hydoxdwlrq lv vwudljkwiru0

zdug dqg fdq eh grqh udslgo| xvlqj hvvhqwldoo| dq| wklq

�op rswlfv frgh1 Dwkrxjk wklv whfkqltxh kdv vhhq lwv

juhdwhvw dssolfdwlrq lq wkh duhd ri frxsohg prgh dqdo|0

vlv ri zdyhjxlghv lw fohduo| fdq eh dssolhg wr vwxg|lqj

wkh vfdwwhulqj dqg gl�udfwlrq iurp olwkrjudsklf pdvnv

dqg uhwlfohv1 Lq sduwlfxodu lw fdq eh dssolhg wr HXY

olwkrjudsk| pdvnv wr ghwhuplqh wkh gl�udfwhg �hog iru

d jlyhq sdwwhuq dqg wr ghwhuplqh wkh h�hfw ri ghihfwv lq

wkh pxowlod|huv rq lpdjh txdolw|1
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