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Fig. 1. Uplink transmissions with an SIC-based sink.

TABLE I
NOTATIONS

o f a U E a t a r e c e i v e r i sp, i t s r e s i d u a l e r r o r a f t e r i n t e r f e r e n c e

c a n c e l l a t i o n i s� p , w h e r e� i s t h e r e s i d u a l c o e f fi c i e n t . A s w e

h a v e s t a t e d i n S e c t i o n I I , r e c e n t l y , t h e r e s i d u a l m o d e l h a s b e e n

w i d e l y a d o p t e d .

W e u s e a p a r a m e t e r Git o c a p t u r e t h e l o s s o f s i g n a l p o w e r , a s

t h e s i g n a l p r o p a g a t e s t h r o u g h t h e w i r e l e s s c h a n n e l f r o muit o

t h e s i n k . T h e r e f o r e , t h e r e c e i v e d p o w e r a t t h e s i n k i sGipi, i f t h e

t r a n s m i t p o w e r o fuii sp i . B e s i d e s , w e a l s o a s s u m e t h a t c h a n n e l

g a i n s o f a l l U E s r e m a i n c o n s t a n t d u r i n g a f r a m e , w h i c h i s r e a l -

i s t i c f o r s l o w f a d i n g c h a n n e l s . F o r c o n v e n i e n c e , t h e p a r a m e t e r s

u s e d i n t h i s p a p e r a r e l i s t e d i n T a b l e I .

S i m i l a r t o [ 1 ] , i n t h e c o n s i d e r e d n e t w o r k , t i m e i s d i v i d e d i n t o

f r a m e s , a n d e a c h f r a m e i n c l u d e s m u l t i p l e t i m e s l o t s . W e a s s u m e

t h a t t h e t i m e s p a n o f a s l o t i s e n o u g h t o d e l i v e r a d a t a p a c k e t . I n

f a c t , t h e a b o v e - m e n t i o n e d a s s u m p t i o n s a r e i n a c c o r d a n c e w i t h

p r a c t i c a l a p p l i c a t i o n s i n I W N s [ 2 ] .

F o rk -SIC, there are at mostk U E s w h i c h t r a n s m i t s i m u l t a -

n e o u s l y , a n d t h e y w i l l b e d e c o d e d s u c c e s s i v e l y b y S I C d e c o d e r .

T h e t e r m p h a s e i s d e fi n e d t o d e p i c t t h e d e c o d i n g o r d e r , w h e r e

t h e U E d e c o d e d fi r s t i s s a i d t o o c c u p y t h e d e c o d i n g p h a s e 1 , t h e

s e c o n d U E i s f o r p h a s e 2 , a n d s o o n . I V . P R E L I M I N A R I E S A . O r d e r i n g I n e q u a l i t y T h e o r e m

T h e o r d e r i n g i n e q u a l i t y i s a w e l l - k n o w n t h e o r e m a s f o l l o w s .

A s s u m ea
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Fig.7.Aggregatepowerconsumptionwithresidualcoefficient.

TABLEIIAPPROXIMATIONRATIOOFALGORITHM3

n�k�Tb/2	,thedelayperformancecanbeguaranteed.IfTs>

Tb,ncanbelargerbecausefewerUEssimultaneouslyrequest

transmission.Takethecaseofthisexperimentforexample,ifthesamplingtimesstartuniformlyin
[0,Tsä1]andn�kTs,

thedelayperformancecanalsobeguaranteed.Theconclusion

isverifiedinFig.6.

C.PowerConsumptionWithResidualCoefficientWewillrevealhowtheaggregatepowerconsumptionisinflu-

encedbytheresidualcoefficientinthissection.Thedecoding

threshold�issetastwoandthevaluefor

kistwo.Further,

theresidualcoefficient�issetas0,0601,0602,0605,and701,

respectively,suchthatthesufficientandnecessaryconditionin

Theorem1,i.e.,��k<1,issatisfiedforevery�.

TheresultsareillustratedinFig.7.Obviously,thelargerthe

residualcoefficient,thelargeristheaggregatepowerconsump-tion,whichcoincideswiththeintuitionsincelargerpowerwillbepaidtoovercomelargerresidualerror.Besides,withthein-creasingdelaybound,theresidualcoefficienthasadecreasinginfluenceonaggregatepowerconsumption.SincetherearelessparallelUEswithincreasingdelaybound,theinfluenceofresid-ualcoefficientwillgraduallydiminish.

D.ApproximationRatioForRMDLPSI-

kSIC,tocomputetheapproximationratio,wehavetofindtheoptimalsolution.Tospeedup,wefindit

usingaheuristicalgorithm.Theheuristicalgorithmisinfacta

stochasticdescentalgorithmasfollows.StartingfromtheUEschedulingstrategyoutputbyAlgorithm3,wefirstcomputeTABLEIII

PERFORMANCECOMPARISONUSINGALGORITHM1ANDCPLEX(UNIT:ms)theoptimalpowerconsumptionofthegivenstrategy,whichisthesumoftheminimumpowerconsumptionineverytimeslot.Theminimumpowerconsumptioninanytimeslotcanbeknownbyasimplebrute-forcesearch.Second,werandomlychoosetwoUEsandexchangetheirpositionsintheschedulingstrategy,andthen,computetheminimumpowerconsumptionofthenewlygeneratedschedulingstrategy.Ifitislower,thenewlygeneratedUEschedulingstrategyisaccepted,otherwise,itisdiscarded.Theprocesscontinuesiterativelyuntiltheaggregatepowerconsumptionisconvergent.TheapproximationratiosforsometypicalcasesarelistedinTableII.WealsolisttheapproximationratioupperboundgivenbyTheorem4c2.Obviously,theactualapproximationratiosarefarbelowtheupperboundvaluesinallcases.E.AlgorithmComplexityIngeneral,ithashightimecomplexitytosolveRMLPSI-k

SICwiththeconventionaloptimization-basedmethods,becauseformulation(1)isaMINPproblem.Bypresentingthestructuralcharacteristicsoftheoptimalsolution,justasthoserevealedbyTheorem1andLemma4,solvingcanbeaccelerated.So,thecomplexityofouralgorithmmustbegreatlysimplifiedthanthosebasedongeneraloptimizationalgorithms.Inordertoshowtheadvantageofouralgorithm,wetakeRMLPSI-kSICasan

example,andcomparetheexecutiontimeofAlgorithm1andthegeneraloptimization-basedalgorithm.

Sinceformulation(1)isaMINPinsteadofaconvexprob-lem,solvingtheproblemusingapopularoptimizationtoollikeCPLEXisexperimentallyprovedunfeasible.Therefore,forhav-ingafeasiblecomparison,wefirstrunAlgorithm1andfindtheoptimalUEschedulingstrategy.Then,giventheoptimalUEschedulingstrategy,theRMLPSI-kSIC,whichisnowalin-

earprogrammingproblem,canbefoundbyCPLEX.Inthelaststep,wecompareitsexecutiontimewiththatofAlgorithm1.AlthoughthecomparisonisunfairforAlgorithm1,theexper-imentalresultsstillshowthatAlgorithm1takesfarlesstimethantheoptimization-basedalgorithms.ThetimeperformanceforsometypicalcasesislistedinTableIII.Foreveryexperimen-talcaseparameterizedbythecombinationofframelengthandresidualcoefficient,theexecutiontimesusingAlgorithm1and
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